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EXECUTIVE SUMMARY

Executive summary

What we did

People in cities across the globe are rapidly adopting new mobility forms, helped by digital connectivity
and electrification technologies. This report examines the energy and climate impact of such services,
including personal and shared electric kick-scooters, bicycles, e-bikes, electric mopeds. It also covers
ridesourcing, i.e. for-hire vehicle services with drivers that use smartphone apps to connect drivers with
passengers.

The focus of the study is twofold: First, it assesses if current life cycle assessment methodologies are fit for
purpose and able to address full life-cycle impacts of new mobility services, and proposes methodological
improvements where they are not. Second, the report analyses the life-cycle performance of a range of
new vehicles and services based on their technical characteristics, operation and maintenance, and
compares it with that of privately owned cars and public transport. The scope of the analysis expands
beyond usual life-cycle assessments of transport vehicles to include impacts due to the operation and
maintenance activities that are specific to these new mobility services.

Drawing on these analyses, the report identifies solutions to make new mobility a useful part of the urban
transport mix while helping to increase energy efficiency and reduce greenhouse gas (GHG) emissions in
order to address climate change.

What we found

Private bicycles and e-scooters use significantly less energy and emit much less GHG per person-kilometre
over their life cycle than cars. Mopeds, metros and buses are the next most efficient urban modes. Energy
use and GHG emissions from shared micromobility (involving e-scooters, bikes, e-bikes and mopeds) are
comparable in magnitude to those of metros and buses. This is the case especially when actions are taken
to extend lifetime mileage and minimise energy use and GHG emissions from operational services.

Ridesourcing vehicles and taxis have the highest energy and GHG emission impacts per passenger
kilometre of all urban mobility options, despite the clear value they provide to users and the contribution
they can make to make travel more multimodal.

Energy use and GHG emissions depend on the propulsion technologies and their energy vectors, ridership
characteristics, the frequency with which infrastructure (e.g. roads, railways, bike lanes) is used, as well as
operational practices.

A range of actions can improve the environmental performance of new mobility services. Enhancing
capacity use, i.e. increasing in the number of passengers transported per kilometre of vehicle travel, is
especially relevant for ridesourcing and taxi services.

Fostering a rapid transition towards more efficient powertrains and energy vectors (such as electric
vehicles) will reduce energy use and emissions.

Design solutions that extend vehicle life are especially important for improving the environmental
performance of shared micromobility.
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Incentives that encourage the use of smaller and lighter cars over operating large and heavy ones are
powerful tools to reduce energy use and emissions. However, large size is not an issue if it enables
significant increases in occupancy, as can be the case with vans and minibuses that provide on-demand
ridesourcing services.

Improvements in operations can reduce energy use and GHG emissions of new mobility thanks to lower
servicing requirements per kilometre of service. The reduction of “deadheading”, i.e. the empty vehicle
travel necessary to provide transport services with passengers on board, is crucial in this respect.

The effective integration of new mobility services with public transport can strengthen the capacity of new
mobility and public transport to replace travel with personal single-passenger cars. This can do much to
help new mobility make a positive contribution to transport’s environmental performance, rather than a
detrimental one.

The smooth integration of new mobility services into the existing policy frameworks for more sustainable
transport requires a mix of both general and specific policies. Beyond environmental objectives, these
should support industrial development and innovation, and enhance economic productivity, for instance
in battery manufacturing. Two types of policy interventions are well suited for this purpose. First, requiring
accurate information on the full life-cycle impacts of new mobility services to increase transparency and
inform further policy decisions. Second, setting incentives through regulatory, economic and voluntary
measures that stimulate improvements in the life-cycle energy and climate impacts of new mobility
options.

What we recommend

Leverage existing reporting obligations and introduce new requirements for micromobility providers to make
evidence-based policy decisions

Public authorities should inform their decisions by making fuller use of data and other information
micromobility providers share under existing reporting obligations. Where this is not possible, additional,
tailored reporting requirements should be introduced. Regulatory reporting requirements should be
accompanied by robust policies to protect privacy and commercially sensitive information. Reporting
mechanisms —whether direct or indirect (via a trusted third party or secure shared data platform)—should
be adapted to the diversity and dynamism of business models and vehicle types. They will also depend on
the authorities” processing capacity. Reporting requirements can also be integrated into licensing
frameworks imposed by public authorities.

Focus interventions aiming at clean mobility on ridesourcing vehicles with high lifetime travel

A range of policy actions will support the transition of ridesourcing vehicles to clean mobility and clean
energy. These include setting limits on pollutant emissions, requiring improved energy efficiency and
reduced GHG emissions, or mandating the use of low- and zero-emission vehicles. This latter intervention
should be complemented with access restrictions for high-emission vehicles and the introduction of road
or access charges for all vehicles. Specific characteristics of new mobility services should be taken into
account, in particular the uneven distribution of lifetime travel for different ridesourcing vehicles and their
high driver turnover. Vehicles with elevated levels of lifetime travel should be the focus of targeted
measures aiming to cost-effectively minimise life-cycle energy use and GHG emissions.

Set incentives to increase occupancy of ridesourcing vehicles

Low vehicle occupancy is a widespread and durable feature of private car travel. Increasing occupancy
improves the energy efficiency and environmental performance of cars over their life cycle. Differentiated

8 GOOD TO GO? ASSESSING THE ENVIRONMENTAL PERFORMANCE OF NEW MOBILITY © OECD/ITF 2020



EXECUTIVE SUMMARY

levies on ridesourcing vehicles based on occupancy are in place in various cities in the Americas and in
Europe. If applied, these should not be limited to ridesourcing. Minimum occupancy standards for
ridesourcing services offer greater flexibility than levies to increase occupancy rates. They also incentivise
the use of high-capacity vans and minibuses on pop-up routes, a solution that offers important advantages
in terms of reduced energy use and GHG emissions. Curb access rules for pick-up and drop-off with
preferential access for highly occupied vehicles could also encourage better capacity use, similar to high-
occupancy vehicle lanes. Affordable, high-quality alternatives including public transport can address equity
impacts.

Standardise methodologies for the evaluation of shared micromobility’s life-cycle emissions and introduce
minimum performance requirements via market entry rule and/or operating licenses

Most of the impacts of shared micromobility related to energy use and GHG emissions are not directly
linked to vehicle use. Therefore, defining common methodologies to evaluate life-cycle emissions and
requiring third-party verification of the resulting assessments is important. Standardised methodologies
are a prerequisite for setting environmental and energy-related performance requirements for
micromobility vehicles. Market entry rules and operation licenses are important to maximise the benefits
of common standards, as they are well suited to promote good practices or require minimum
performances from the operators that are active in the market.

Strengthen synergies between public transport and shared micromobility

Enhancing the collaboration between micromobility services and public transport to create synergies
should account for local contexts and different interaction effects between public transport, car use as
well as walking and cycling (active trips). The focus should be on encouraging combined trips where these
can reduce energy use and GHG emissions. Tax rebates, differentiated fees or subsidised feeder trips to
public transport stations can support this objective. Structural interventions can also reinforce the
integration of public transport and new mobility services, for instance the provision of adequate and safe
road space for shared and owned micromobility Mobility as a Service (Maa$) platforms can help integrate
public transport and micromobility.
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What is new about new mobility?

The convergence of digitalisation, ubiquitous connectivity and emerging business models — all served up
on our smartphone screens — is having a significant impact on the way in which people access and use
transport services. So, too, is the rapid pace of growth of electric vehicles, which accounted for more than
300 million two-wheelers (mostly in the People’s Republic of China), 7.2 million cars and almost 0.6 million
urban buses on the road by the end of 2019 (ITF, 2020a).

Notwithstanding the recent challenges posed by the Covid-19 pandemic, these developments have led to
a broad range of new mobility services, for both passengers and goods, that took hold around the world.
As public authorities seek to balance public health and mobility imperatives in light of the pandemic, these
services may not only return to their pre-pandemic importance, but could possibly gain relevance. Cities
will need to meet a growing demand for urban mobility as sanitary restrictions limit the capacity in public
transport, thus creating increased congestion from a partial transfer of those trips to private cars. New
mobility services could help fill the gaps and contribute to the achievement of greater resilience for urban
transport systems.

This convergence raises a few key questions. The first relates to the uncertainty about the scope, scale and
endpoints of the changes that can be observed, as it is hard to determine the extent of rapid technological
and behavioural changes as they are underway. At present, there is little clarity as to the durability or final
configuration of many emerging business models. This has repercussions on policy, since acting now may
lock in sub-optimal outcomes or, alternatively, prevent the emergence of better ones. This is especially
relevant now as many new mobility business models have been sorely hit by health-related Covid-19
mitigation measures, despite efforts underway to handle its economic impacts.?

The second question relates to the nature of the innovations that are driving this revolution. As with prior
transport revolutions (e.g. from animal to steam to fossil power) there is a strong technological component
at play. Unlike prior transport revolutions, however, this revolution’s technological innovation relates
largely to the method of accessing and operating new mobility services. In fact, many of the vehicle
technologies that underpin new mobility services have been around for decades (albeit in continually
improved forms) as have many of the basic service delivery models at the heart of these services.
Digitalisation has served as a catalyst and an accelerant for new combinations of vehicles and services. This
has driven the growth of new mobility. Thus it is the “how” more than the “what” that is truly new about
new mobility services.

The third question relates to how this revolution interfaces with existing technologies. Of course, much of
ridesourcing relies on the use of existing vehicle technologies, namely vehicles operating on traditional
internal combustion engine technology (cars and mopeds). In some instances, (e.g. London), ridesourcing
companies have incentivised their drivers to use lower-emission technologies such as hybrid or battery-
electric vehicles. In many other new mobility service deployments, services have been built on electrified
drivetrains by default. This represents a real opportunity to deliver on lower-emissions and lower-carbon
transport if a number of conditions are met. These include the extent to which these services replace other
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more polluting trips, the extent to which these services lead to new or induced trips and the full life-cycle
impacts of these service delivery models, not just of the vehicles themselves.

So what are these services? The most dynamic of these in terms of uptake include ridesourcing and
bikesharing and e-scooter sharing. Other forms of shared vehicle use include carsharing and shared
e-mopeds or motor scooters.

Ridesourcing consists of on-demand ride services delivered by ride-matching platforms such as Didi, Uber,
Grab, Ola, Lyft and Golek (for moped rides). This type of service targets primarily short passenger trips,
often of less than 15 km, but it also includes a number of longer ones — up to 50 km, e.g. to and from
airports. The service also focuses on metropolitan areas, where ride frequency is usually high and distance
travelled short (Mittal, 2019).2 Ridesourcing is organised by centralised platforms that dispatch rides to
individual drivers in return for a commission. A variant of these ridesourcing services involves pop-up van
services that focus more on collective rides along popular trajectories. These types of on-demand van
services have proven more challenging to operate but platforms such as Via or Jetty (i.e. offered by larger-
capacity vans and minibuses providing pop-up routes designed to have less empty-vehicle travel distances
and higher occupancies) seem to have found promising models.

Prior to the Covid-19-related travel restrictions, growth in ridesourcing was rapid and extensive, reaching
into all global regions. The major global players in ridesourcing were founded only five to ten years ago:
Uberin 2009, Ola in 2010, and Didi, Grab and Lyft in 2012. In that relatively short time, they have managed
to reach between 15 and 20 billion rides in 20183,

E-scooter and bicycle sharing services, along with the sharing of other light mobility devices, are part of a
broader range of shared micromobility options®. Dockless e-scooter sharing entails platform-facilitated
access and the use of electric kick scooters at a variety of pick-up and drop-off locations, in a free-floating
arrangement (i.e. without an obligation to return them to a specific location) and within a predefined
geographic region. Bikesharing consists of similar services provided by dockless or docked bikes and or
e-bikes. Other shared services involving e-mopeds or motor scooters are similarly organised. Compared
with ridesourcing, e-scooter, bike, e-bike and e-moped sharing services have a stronger focus on
metropolitan areas, since an even larger share of their trips are short distance, high frequency trips in line
with urban travel patterns. Since short passenger trips (i.e. those having the greatest appeal for bicycles
and e-scooters) still account for the vast majority of trips made by individuals®, the scope of adoption of
these new mobility options is potentially significant.

Bikesharing is the first form of micromobility that was subject to a rapid emergence during the last decade,
as evidenced through data on the number of self-service public-use bicycles across the world, which grew
from less than 400 000 in 2010 to more than 1.2 million in 2015, more than 10 million in 2017 (Schonberg,
Dyskin and Ewer, 2018), and to almost 18 million in 2020 (Meddin et al., n.d.). The vast increase in
bikesharing schemes from 2015 onwards has been led by very rapid deployment in China. Despite the
contraction or exit of many major players (Chinese-based OFO rapidly shed its international operations in
2018 to re-focus on China, and Bluegogo, China’s third-largest bikesharing company with 20 million users,
ceased operations in 2017) bikesharing remains an active and dynamic form of shared micromobility. This
is particularly the case with the deployment of the most recent systems, including local systems in London,
New York, Mexico City and other cities and the international deployment of services like Jump bikes.
Bikesharing continues to remain relevant and on the rise today, despite negative developments that saw
many schemes closed down due to financial or operational failures, with negative implications for
bikesharing’s image and concept (Nikitas, 2019).

Dockless e-scooter sharing is a form of micromobility that has experienced rapid growth since its first
deployment towards the end of 2017. Dockless e-scooter sharing started in the United States by
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companies like Lime and Bird (both established in 2017) and is now provided by many other companies®,
some of which integrate their offer within app-based platforms (e.g. Jump — and now Lime —in the Uber
App, Lime in the Google Maps app). Data from Lime reported in Ajao (2019) and Base10 (2019) show that
the use of e-scooters grew very quickly after their initial deployment (primarily in the United States),
reaching one million rides after 31 weeks and six million rides after 58 weeks. This growth indicates that
supply and demand grew very fast, exceeding what has been observed for car- or van-based ridesourcing
(one million in 61 weeks). Several other players announced large financing rounds in 2018-19 (Ajao, 2019).
Despite a number of issues (e.g. e-scooters ending up in lakes and oceans, congesting sidewalks, being
stolen and causing injuries) and remaining challenges to ensure that business models are economically
sustainable, e-scooters have successfully responded to a desire for a viable last-mile alternative to current
transport options.

Shared e-mopeds and motor scooters were also rolled out in a number of cities, namely in Europe, at
roughly the same time as dockless e-scooters but at a far slower pace. By now, shared e-mopeds are
available or planned in more than 40 European cities (Friedel, 2020) and signs of expansion of this form of
micromobility have also been reported in the United States (Toll, 2019).

Traditionally, carsharing consisted in allowing access to vehicles through a service provider that maintained
a fleet of cars deployed in lots or on-street spaces providing fuel, parking, and maintenance (Cohen and
Shaheen, 2016). This concept dates back to the 1950s in Switzerland, primarily through round-trip
schemes, and was popularised in the 1990s with developments in telematics technologies that allowed
automation of its use. By the late 2000s, a number of new entrants and business models emerged,
including, in particular, one-way schemes (station based and free-floating). These new service providers
included automakers (e.g. BMW’s DriveNow, now merged with Daimler’s Car2go in the Share Now joint
venture, offering one-way service); car-rental companies (such as Avis Budget Group’s Zipcar) and
nonprofit organisations (Cohen and Shaheen, 2016). Peer-to-peer carsharing, where online platforms
allow for private individuals to connect to share rides, is also a recent development contributing to a
growing popularity of carsharing (Erich, 2018).

Globally, professional fleet-based schemes had an estimated membership base of 4.8, 7 and 15 million in
2014, 2015 and 2016 respectively and a fleet of 104, 112 000 and 157 000 cars in the same years (Frost
and Sullivan (2016) for 2015; Shaheen, Cohen and Jaffee (2018a) for 2014 and 2016). The success of
professional fleet-based schemes is linked to:

e high income levels (and, therefore, greater capacity to move by car: carsharing is sizable in the
United States and Europe)

e high urban densities and (consistently) greater modal diversification (Asia is the largest carsharing
region measured by membership, followed by Europe?)

e |ower safety concerns (Latin America is lagging behind other markets).

In Europe and North America, peer-to-peer carsharing schemes have a membership base that is similar in
magnitude to professional schemes (roughly 1.5 times larger), with larger amounts of cars involved.s

Both professional and peer-to-peer schemes are subject to a dynamic growth: Shaheen, Cohen and Jaffee
(2018a) show upwards trends for membership and cars used in professional schemes across all global
regions, with a strong acceleration in 2016, especially in Asia. In North America, Shaheen, Cohen and Jaffee
(2018b) report an increase from 1.3 million members and 72 000 cars in early 2016 to three million
members and 130 000 cars in early 2017 for peer-to-peer schemes in North America. For Europe, Erich
(2018) reports a growth for professional and peer-to-peer schemes combined, from 5.1 million to
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11.5 million members between 2016 and 2018. Cars used for these services increased from 132 000 to
370 000 in the same timeframe.

Erich (2018) sees factors like urbanisation and policy promotion (such as changes in the availability of
space/road space allocation resulting in reduced parking availability, parking pricing, the restriction of
access to certain areas of the city to privately owned vehicles) as key determinants of a rise in supply and
demand for carsharing. Digital connectivity has also helped in addressing limiting factors of carsharing,
such as the increased need for planning (loss of convenience) and the potential lack of availability of
vehicles (or high cost), as well as other barriers to entry (membership requirements). These factors,
combined with connectivity increases, changes in consumer preferences (also influenced by greater
exposure to digitally-enabled shared mobility business models) and reducing costs of electric cars, are
expected to contribute to increasing global adoption in the future. On the other hand, the volatile state of
the global mobility landscape and operating cost have recently (but before the Covid-19 pandemic) led to
the key carmakers with an important presence in the carsharing market, like BMW and Daimler,
abandoning the North American market to refocus activities on specific cities in Europe (Shepardson,
2019b).

Aim of this report

This report has a dual focus. The first is to evaluate if current life-cycle assessment methodologies are fit
for purpose and able to address full life-cycle impacts of new mobility services — and if they are not fit for
purpose, how these methodologies may be improved. The second is to leverage life-cycle assessment to
identify solutions to make new mobility a useful part of the urban transport mix while helping to reduce
energy use and limit climate change.

Taking into account that users in cities across the globe are rapidly adopting these new forms of mobility
services, a number of analyses have started to assess the energy and climate impacts of shared e-scooters,
bicycles, e-bikes, electric mopeds, as well as car-based ridesharing services. Key examples include the
analyses of Hollingsworth, Copeland and Johnson (2019) and Chester (2018) for dockless e-scooters,
Cherry, Weinert, and Xinmiao (2009) for bicycles and e-bikes, Anair et al. (2020) for ride hailing.

This report builds on information available from these and other tools and literature sources to analyse
the life-cycle performance of these new vehicles and services, with a focus on energy and greenhouse gas
(GHG) emissions. To do so, it uses an assessment tool that has been specifically developed for this project,
expanding the usual scope of life-cycle assessments to include impacts due to the operation and
maintenance activities that are specific to these new mobility services. It offers a unique advantage to
provide a single and consistent accounting framework for all forms of mobility.

This report also compares energy and GHG emission impacts assessed for new mobility options with those
of privately owned cars, public transport and other conventional urban mobility modes, such as privately
owned bikes and e-bikes. Having looked into central estimates and a range of possible alternatives to
assess the variability of results to changes in key input parameters, this analysis identifies solutions to make
new mobility more sustainable. It outlines policy actions that could steer the development of new mobility
towards net improvements in terms of energy use and GHG emissions.
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How to measure environmental
impacts of new mobility

Truly understanding the energy and environmental impacts of products and services requires a “cradle to
grave” analysis. This entails tracking every stage of the product or service, from conception and creation
to execution, utilisation and extinction. This is called a life-cycle assessment (LCA).

The easiest way to get a sense of a product’s or service’s environmental implications and energy
requirements is by accounting for its direct energy use and emissions. This, however, offers only partial
indicators of overall energy requirements and environmental impacts. A fuller understanding requires
taking into account:

e the manufacturing processes needed to ensure that the service can take place (i.e. the production
of the vehicles needed for it)

e the properties of the final energy vector® (e.g. with respect to carbon content) used by the
vehicles performing the service

e the characteristics of the device used by these vehicles to convert energy into motion (e.g.
internal combustion engines, electric motors)

e the production process (e.g. oil extraction, coal mining, electricity generation from solar panels
or wind farms), the energy transformations (e.g. taking place in a refinery or a thermal electricity
generation plant), and transport and distribution steps needed to make the energy vectors
available for these vehicles.

The full environmental impacts for each of these components also extends beyond energy use and GHG
emissions alone — they may entail emissions of other pollutants, water use, habitat change, etc. These
additional impacts are not assessed in this report.

What is a life cycle assessment?

An LCA is a calculation method that evaluates energy use and environmental impacts of a product or a
service, taking into account the different contributions enabling its existence, use and disposal: design,
production (including materials and energy acquisition and its transport to the production facilities), use
and operation, maintenance and repair, and end-of-life treatment (such as reuse, recycling or disposal).

According to the International Organisation for Standardisation (ISQO), an LCA is composed of four phases:
e the definition of the goal and the scope of the assessment

e theinventory analysis (involving data collection and the calculation of energy inputs and emission
outputs)

e the assessment of impacts (i.e. regional and global environmental and human health effects
related with the energy inputs and emission outputs)

e the interpretation of the results with respect to uncertainties (e.g. with sensitivity analyses) and
their documentation. (ISO, 2015)
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The scope of an LCA is inherently defined by the boundaries of the system (i.e. the product or the service)
being analysed. These boundaries define the resources — including primary energy and materials —and the
technical systems needed to extract, use and convert those resources to ensure the final delivery of the
product or service.

In the case of transport, products taken into account are typically vehicles (e.g. cars, bicycles, buses,
motorcycles, trucks, trains, aircraft and vessels) and infrastructure (e.g. roads, railways, airports, ports).
Services are typically related to the delivery of passenger and freight mobility (e.g. trips, hauls).

A key advantage of LCAs used in transport is that they provide some understanding of where action or
policies can have the greatest impact in addressing some of the measured outcomes — not just at the final
step of resource use (i.e. fuel consumption). Key examples include the fuels or energy sources that are
used to produce and transport the fuels, the materials required for the construction of vehicles and
transport infrastructures and the resources needed for their maintenance.

While the use of LCA in transport can inform policy decisions, it is important to bear in mind that all LCA
results are grounded on technical estimations and are influenced by methodological choices. As such, they
should be seen as instruments allowing a better understanding of the system considered, under given
assumptions, and not as the absolute truth (which is very much case-specific). 1°

Key components of life cycle assessments in transport

Transport-focused LCAs typically account for energy needs and environmental effects occurring across
different stages of the life cycle of the transport products or services. This consists of three main
components:

e The vehicle component: related to the manufacturing, delivery at the point of purchase,
maintenance and disposal of vehicles. This includes material extraction, processing, vehicle
component fabrication (e.g. battery production), the assembly of vehicles and components, the
production and use of fluids (e.g. lubricants, coolants), the delivery of the vehicle to its point of
purchase, and its end-of-life treatment when it is scrapped (i.e. the re-use, recycling or disposal
of the vehicle parts).

e The fuel component: related the production and distribution of the fuel/energy vector used by
the vehicles —i.e. the well-to-tank (WTT) phase, and its actual end-use — i.e. the tank-to-wheel
(TTW) phase.

o The WTT phase includes production, processing and delivery of a fuel or energy vector to
the on-board energy-storage device of a vehicle (e.g. the fuel tank or the battery).

o The TTW phase is directly influenced by the daily distance travelled by the vehicle and it
is essentially related to the in-vehicle conversion of energy into motion.

e The infrastructure component: related to the construction, maintenance and end-of-life
management of infrastructure (e.g. the road, rail, airports, ports) required for vehicle operations.
Similar to the vehicle component, this includes materials extraction, processing, construction,
operation, maintenance and end-of-life treatment.

Figure 1 provides a graphical representation of the three components.
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Figure 1. Key components of life cycle assessments used in transport

Primary and
- secondary material ) Vehicle assembly,
Vehicle extraction and L ﬁ' transport to point of
component processing — use
{?’7 Vehicle c.om.ponent + end-of-life treatment
(= fabrication

% @% Primary_ energy Final use of the
LA extraction and |:> fuel/energy vector by

Fuel .
roduction of the :
component P the vehicle
fuel/energy vector
Infrastructure ¢ ¢ Construction, maintenance and end-of-life
component L management of the transport infrastructure

Key examples of LCA tools and/or reviews performing this type of evaluation include:

The Greenhouse Gases, Regulated Emissions, and Energy use in Transportation (GREET) model
developed by the Argonne National Laboratory, which covers both vehicle and fuel components
in two different modules. It focuses on the United States and large scale technology deployment.
(ANL, 2020a and ANL, 2020b)

The well-to-wheel assessment developed in a collaborative effort of the Joint Research Centre
(JRC) of the European Commission, the European Council for Automotive Research and
Development (EUCAR) and the European Oil Company Organisation for the Conservation of Clean
Air and Water in Europe (Concawe). This effort targets primarily the evaluation of energy use
and GHG emissions of the combination of different road fuel and powertrain configurations (fuel
component) and focuses on Europe (JEC, n.d.1).

Recent academic research on the LCA of transport infrastructure, with a particular focus on road
and rail in North America (Transportation life-cycle assessment, 2020), building on earlier
research by some of these same researchers (Chester and Horvath, 2009).

Many analyses and reviews have focused on both vehicle and fuel LCA components for different types of
cars!l. There are many reasons for this. The first is that cars matter from a global emissions and energy
use perspective — there are over one billion cars in circulation today and their global impact is significant.
The second is that the re-emergence of electric mobility has catalysed attention on the use of LCA because
of the shift in the balance of impacts when comparing electric vehicles (EVs) to those powered by internal
combustion engines (ICE). This shift includes: 1) higher material requirements in vehicle manufacturing
(and thus, embedded carbon) for EVs as compared to ICE vehicles; 2) differences in the respective
fuels/energy vectors energy for these vehicles; and 3) differences in the use-related environmental
impacts of ICE vehicles and EVs.

16
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Key impacts that life cycle assessments can assess

LCAs allow accounting for a wide range of possible flows and impacts, including energy consumption and
emission outputs. Other indicators, such as water requirements, water eutrophication and acidification
impacts, waste outputs, mineral resource depletion, ecotoxicity and human toxicity impacts, human health
impacts and impacts on ecosystem quality from land transformation and occupation can also be tracked
with LCAs (Impact World+, n.d.).

Energy consumption refers to primary forms of energy (e.g. coal, crude oil, natural gas, nuclear energy,
renewable energy — biomass, hydro-, solar- and wind electricity) and depends on the amount and type of
final energy vectors (e.g. electricity, petroleum fuels and hydrogen) needed for the different LCA
components, combined with the transformation processes that convert primary into final energy.

Emission outputs occur essentially from the combustion of fuels, leakages (fugitive emissions) occurring
across the supply chain and material transformations (e.g. due to heating), most relevant for the case of
infrastructure. Emission outputs include greenhouse gases (GHGs, including carbon dioxide [COy],
methane [CH4], and nitrous oxide [N,O], typically grouped thanks to the use of global warming potentials
[GWPs]2) and local pollutants (carbon monoxide [COJ, sulphur dioxide [SO,], nitrogen oxides [NOy], volatile
organic compounds [VOCs], and particulate matter [PM]) that have consequential impacts like
acidification, ozone formation, and human toxicity.

In the case of transport-focused LCAs, for which the characterisation into a vehicle, fuel and infrastructure
component applies, as discussed earlier, the impacts are typically calculated for each of the components.

e The impacts associated with the vehicle component are typically evaluated per each vehicle
manufactured.

e Those related with the fuel component are typically calculated per each unit of fuel/energy
vector.

e The impacts resulting from the infrastructure component are generally evaluated on a project
basis (and, therefore, for a given length of infrastructures such as roads and railways), and they
can also be normalised per unit length of the infrastructure (e.g. lane km or track km, for the road
or rail example).

Measuring the life cycle assessment impacts of transport vehicles
and services

While the effects associated with a transport vehicle or service are measured in terms of energy inputs
and emission outputs, indicators allowing comparative evaluation among vehicles or services vary for each
life-cycle component. The functional unit, i.e. the parameter used to define the purpose of what is being
assessed, is the key element explaining these variations.

e For the vehicle component, the most obvious functional unit is the vehicle itself. Energy inputs
and emission outputs are typically assessed for each vehicle, taking into account the
manufacturing, maintenance and disposal phases.

e For LCAs focusing on the fuel component (WTW analyses), the most obvious functional unit is the
amount of energy carried in the energy vector taken into consideration.
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e For LCAs looking specifically at transport infrastructure (in particular road or railways), the
functional unit is the length of a representative indicator characterising the infrastructure itself
(e.g. lane km for roads, or track km for railways). Alternatively, relevant functional units could
refer to specific infrastructure components (e.g. metro stations, airport terminals, airport
runways).

The way to account for the impacts of each component may need to change if the different components
need to be brought under a single metric.

In this analysis, the purpose taken into account is the provision of a passenger transport service, with
passenger vehicles, in an urban environment (and therefore using transport infrastructures, such as roads
and rail networks, available in cities). Energy consumption and environmental impacts calculated for each
of the components identified earlier need to be attributed to the functional unit of passenger movements,
measured in passenger kilometres (pkm).

Doing this requires conversion mechanisms that account for additional elements characterising the
provision of transport.

For the vehicle component, evaluating energy inputs and emission outputs per pkm requires identifying
vehicle capacity (i.e. the number of people that the vehicle is capable of moving), its utilisation rate (i.e.
how many people are actually moved in each vehicle trip), the distance travelled per unit of time (resulting
from the combination of the number of trips per unit time — e.g. per minute, hour, day or year —and the
length of these trips) and the lifetime of the vehicle (i.e. the number of days or years during which the
vehicle is operational). Given that these parameters may vary over time, LCAs aiming to compare impacts
on a pkm basis typically take into consideration averages that are representative of what happens across
the whole vehicle life.**

In the case of the fuel component, the key parameters are the energy use per vehicle km (i.e. an indicator
of the efficiency of the powertrain technology, which, in most cases, changes depending on the energy
vector!?), the vehicle capacity and its utilisation rate (allowing to evaluate the amount of pkm per vkm).

In the case of urban infrastructures such as roads and railways, for which impacts are assessed per km of
network extension, the parameters needed include infrastructure lifetime (to allow estimating impacts per
network length and per unit time), the rate of use of the network for different vehicles and the respective
relevance of different vehicles in terms of network use (to allow estimating the impacts per vkm) and, once
again, the vehicle capacity and utilisation rate.*®

The importance of assessing energy use and carbon dioxide
emissions in transport

The United Nations has called climate change the defining issue of our time. Several scientific assessments
have consistently flagged a number of social and environmental pressures associated with climate change,
spanning from droughts, rising sea levels that threaten low-lying regions with the risk of catastrophic
flooding, extreme and less predictable weather, and loss of biodiversity with potential impacts on human
health, food security, water supply and economic development (Stocker et al., 2013; IPCC, 2018).

Recently, the 2020 World Economic Forum in Davos, Switzerland, which had sustainability as a core theme,
provided growing evidence that climate change has also become a defining factor in the way investments
are taking shape, with increasing recognition that climate risk is also an investment risk. This is due to a
rising uncertainty in the assessment of risks for investments concerning long-lasting assets and the
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inherent tendency of capital markets to pull future risk forward (due to the need to make decisions today
on cash flows that are set to materialise in the future). This leads to expectations of changes in capital
allocation towards assets that are perceived as most resilient to climate and other sustainability-related
risks, in combination with a pace that is expected to be quicker than the changes occurring to the climate
itself (Fink, 2020; Hildebrand and Donilon, 2020).

The European Green Deal is the most ambitious package of measures that should enable European citizens
and businesses to benefit from sustainable green transition (EC, 2019). It is also an important example of
the reflection of the growing relevance of climate change mitigation for economic development.

Due to the central role that climate change has in economic and policy debates, the LCA developed for this
report focuses on GHG emission impacts.

The analysis also gives priority to the analysis of energy impacts. This is due to several considerations,
including:

e the link between fossil fuel use and GHG emissions and the dominant and persistent share that
fossil fuel use represents in overall GHG emissionss

e theimportance of energy for economic growth (as an essential input into goods and services)

e theimportance of energy efficiency and alternative fuel mixes as conjoined strategies to decouple
economic growth from energy use (see, for example, Sharma, Smeets and Tryggestad, 2019).

The energy and GHG emission focus of the LCA undertaken here is also justified by the relevance of
transport in the total amount of energy-related CO, emissions (24% in 2019, according to the International
Energy Agency [IEA, 2020a]), as well as its strong historical dependence on fossil sources for its energy
demand (93% in 2017, according to the International Energy Agency [IEA, 2020b]).

A further consideration motivating the GHG and energy focus of the LCA developed here is the relevance
of urban areas, which are not only at the core of changes taking place in the new mobility landscape, but
are also actively working on climate and sustainability (as illustrated by the actions and scope of work of
networks such as C40, International Council on Local Environmental Initiatives (ICLEI), POLIS in Europe and
the National Association of City Transportation Officials (NACTO) in North America. In particular, the report
provides valuable insights to local authorities that are currently dealing with the integration of new
mobility services in our cities.

As countries and cities look towards a green and inclusive recovery post-Covid-19, and as more measures
are implemented to include new mobility and electrification in the transport and energy mixes, it is also
an opportunity to take a deeper look at the energy consumption and environmental impacts of each of
these, and include recommendation for its optimisation.

Does new mobility challenge existing life cycle assessment methods
and practice? How so?

The core components of traditional transport LCAs are relevant to digitally-connected and shared
transport services that characterise new urban mobility options since these services require vehicles, fuels
(or other energy vectors) and infrastructure to operate.

Given their shared nature, however, LCAs of these services require an expansion of the system boundaries
typically used for traditional modes. This expansion extends to servicing (including refuelling or charging)
and repositioning (and parking) for shared vehicles and the integration of vehicle movements occurring
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without passengers but necessary to enable operation. The former are most relevant for forms of new
mobility that use free-floating vehicles, but also in use for the rebalancing of docked vehicles. The latter
matters the most for public transport, taxis and on-demand, door-to-door services such as those offered
by ridesourcing companies, and also found in privately owned cars, e.g. in cases of cruising distance while
searching for parking or escorting others (for a more detailed discussion on deadheading and how it applies
for different transport modes, see Box 1).

Taking into account the relevance of the impacts due to these services for new mobility (discussed in the
next chapter), this report expands the scope of transport-focused LCAs. It accounts for energy needs and
environmental effects due to a new operational component, in addition to the three (vehicle, fuel and
infrastructure) already mentioned earlier.

Box 1. Deadheading across different modes of transport

Deadheading refers to empty vehicle travel necessary to provide passenger transport services. Depending
on the mode considered, it can take different forms.

For public transport vehicles with fixed routes, such as urban buses and rail services, the most
straightforward form of deadheading consists of the travel needed to move the vehicles from the depot
to their area of operation or from that area of operation to the depot. In case of uneven passenger travel
demand, deadheading in the “light” travel direction (i.e. the deliberate use of buses not stopping in the
direction with lower demand) can also be used as a strategy to reduce the number of buses operating the
service and, therefore, limit overall service costs (alternative strategies involve express services with a
reduced number of stops) (Furth, 1985). For scheduled services, the importance of service reliability to
ensure higher ridership overall may also come with requirements for trips with low capacity utilisation (or
even empty), but this is a concept that relates to average loads, going beyond the concept deadheading.

Quantitative estimates of the relevance of deadhead travel for urban bus service suggest that the share of
kilometres run empty to enable the provision of scheduled services typically range between 1% and 28%,
(Adra, Michaux and André, 2004; Mahadikar, Mulagni and Sitharam, 2015; Nasibov et al., 2013). Among
the limited amount of values found in literature, the lowest records were found in Bangalore, India at 1-3%,
followed by Izmir, Turkey, with estimates in the 5-6% range. Paris, France recorded values (6-8%) that are
lower than the French average (10-11%). The highest value of 28% was registered in Brisbane, Australia.
In this last case, deadheading in the “light” direction of traffic movement is reported as a widespread
practice. This value compares relatively well with the estimate of close to 20% for deadheading shares in
the total of all km driven by coaches in France (Adra, Michaux and André, 2004).

For on-demand, door-to-door services such as those offered by ridesourcing cars, deadheading includes
travel needed to reach an area where a driver expects ride requests (cruising), as well as the travel that
follows the receipt of a ride request and precedes the passenger pick-up (overheading). Henao, Marshall
and Janson (2019) flag that these add to commuting travel from/to the driver’s residence. According to
Wang (2019), ridesharing platforms have the capacity to track the extent to which deadheading is needed
to deliver services, but this task does not come without unsolved complications. These relate to double
counting vehicle distances travelled across different platforms (drivers may simultaneously be operating
on multiple platforms — a practice called multi-apping —to increase the chance of finding a ride)?’, difficulty
in estimating driver off-trip mileage purpose (e.g. in cases where the driver is connected to platforms even
when the vehicle is used for personal purposes or, alternatively, when the driver is not connected to the
platform as they drive to where they expect ride requests). Additional accounting complications occur
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when adjustments are needed for pooled trips requiring detours to pick up and drop off additional
passengers.

Studies with quantitative estimates of deadheading in the United States reported by Henao, Marshall and
Janson (2019) indicate a range of 42% to 81% of deadheading travel (i.e. travel without passenger on board
— cruising and overheading — divided by travel with a passenger on board). Balding et al. (2018) used TNC
data to estimate an average of 45% across Boston, Chicago, Los Angeles, San Francisco, Seattle and
Washington, DC. Correcting for multi-apping, the California Air Resources Board indicates 38.5% (CARB,
2019). In the most conservative estimate, Henao, Marshall and Janson (2019) also estimate a distance of
about 0.3 km per km travelled with a passenger on board for commuting.

Cramer and Krueger (2016) obtain values in the range of 0.55 to 0.81 deadheading km per each km with
passengers for ridesourcing services in Los Angeles and Seattle. The same authors also estimate
deadheading travel for taxi services at an average of 1.35 times the amount of travel with passengers on
board in four major cities of the United States (with actual values of 1.05 in New York, 1.42 in San Francisco
and Seattle and 1.57 in Los Angeles).

Even if the concept of deadheading is not usually applied to personally owned and operated vehicles, it is
fair to acknowledge that these vehicles are not exempt from activities that are similar in nature to
deadhead travel. Key examples include occasions when drivers makes substantial unintentional or
intentional deviations from the intended route, such as to find parking (estimated at eight minutes on
average in central business districts of major cities [Shoup, 2007]) and/or when car owners drive to pick
people up or get groceries or other goods (estimated to account for 5% of personal vehicle travel in the
United States [Williams, 2019]).

Ensuring that the functional unit used for the LCA (pkm) properly accounts for changes in occupancy is
especially important for modes that carry more than a single passenger. To do so, the average passenger
load attributable to each mode needs to be evaluated as 1) the ratio of the weighted average of the
number of passengers occupying a vehicle and the travel distances associated with it (expressed in terms
of pkm); and 2) the distance travelled (expressed in vkm), as is done for other modes with multiple
passengers (e.g. buses and other forms of public transport). These calculations also need to take into
account deadheading, which reduces the average ridership of shared vehicles.

Last, but not least, depending on the business model and the fuel or energy vector adopted, new mobility
services may also have additional requirements, such as fixed infrastructure for parking (docking stations),
as well as facilities allowing for battery recharge and/or swapping. Docking stations have been common in
first- and second-generation bikesharing systems and now, with a greater uptake of electric bicycles, may
also integrate charging ports. Facilities allowing for battery recharge and/or swapping are emerging as
instruments aiming to deal with environmental impacts and durability of shared micromobility vehicles.
Like other forms of transport infrastructure, these infrastructures come with impacts related with their
construction, maintenance and end-of-life treatment and require the development of an allocation
method that attributes these emissions to the relevant functional unit (pkm). As in the case of other
infrastructures, this allocation needs to account for the rate of use by vehicles requiring them (in terms of
pkm per docking station per year), a value that depends on parameters such as ratio of docking stations
per vehicle, lifetime of the docking stations, daily rates of use of the vehicles and their average load.
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Do new mobility services improve
environmental outcomes?

This chapter shows estimates of life-cycle GHG emissions and energy use per pkm of urban transport
modes. The first part of the chapter (in particular the results shown in figures 2-5) includes details on GHG
emissions and energy use for the three main life-cycle components discussed earlier (vehicle, fuel and
infrastructure), as well as the effect of other services needed for the operation of the vehicles, especially
relevant for new forms of mobility.

These results are inevitably subject to a degree of uncertainty. This is due to the choices made to
characterise the key assumptions (such as those outlined in Table 1 and Table 2), the need to define the
technical aspects discussed in Annex A and the limitation imposed by the use of a single set of assumptions,
given the heterogeneous characteristics of different countries and their cities.

In order to manage these uncertainties and broaden the scope of the analysis, the second part of this
chapter considers a range of sensitivity results, exploring the variability of the results shown in Figure 2 to
Figure 5 to changes in key input parameters.

Taken together, the two parts of this chapter inform the considerations developed in the following
chapter, which focused on policies that can help ensure that new mobility improves is rolled out in a way
that delivers net benefits for energy and climate outcomes.

Energy use and carbon dioxide emissions of new mobility versus
other transport options

The assessment shown in Figure 2 to Figure 5 was developed in an attempt to give a representative picture
of the current situation of the global energy and transport system (hence the central estimate
terminology), accounting for the following high-level assumptions (additional details are available in
Annex A):

e The carbon intensity of petroleum fuels due to oil extraction and refining reflects a global average
value of 15.4 g CO,/MJ and does not differentiate between specific types of primary resources.

e The electricity generation mix reflects the global average in 2017 (IEA, n.d.).

e Hydrogen is derived from steam methane reforming of natural gas, without carbon capture and
storage.

e The carbon intensity of battery manufacturing accounts for a large reliance on coal-based
electricity for aluminium smelting, which translates in a carbon intensity of 93 kg CO,/kWh of
pack capacity. This is due to the concentration of battery production in Asia, the large reliance of
China on coal for electricity generation and the need for electricity to produce aluminium. Coal-
based electricity has been considered also for the production of other aluminium used in vehicle
manufacturing (this is a conservative assumption, given that aluminium is also obtained from
hydroelectricity).:

e The vehicle weight and electric vehicle (EV) battery capacities are summarised in Table 1, vehicle
mileages and lifetimes are summarised in Table 2, and the latter also includes information on
passengers per vehicle and the type of vehicle required to provide operational service.
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e All-electric driving shares for plug-in hybrid electric vehicles (PHEV) are assumed to be 66% in
case of private cars (i.e. reflecting a sub-optimal use of the battery capacity, in comparison with
the utility factors available from the Worldwide Harmonised Light Vehicles Test Procedure of the
United Nations, which would suggest values closer to 90%) and 36% for ridesourcing cars and
taxis (due to battery capacity limitations to cover daily travel).

Figure 2. Central estimates of life-cycle greenhouse gas emissions of urban transport modes per pkm
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Notes: BEV = battery electric vehicle; HEV = hybrid electric vehicle; ICE = internal combustion engine; FCEV =

fuel cell electric vehicle; PHEV = plug-in hybrid electric vehicle. These estimates have been developed using key
inputs (such as average number of passengers, the electricity mix and the ratio of operational km per active km)
defined by global averages (see Annex A for further details and source used) observed prior to the Covid-19
pandemic. Specific circumstances occurring in different world regions, changes in operational practices and the
Covid-19 pandemic should therefore be modelled as individual specific cases, modifying input data accordingly.
Sensitivity results are presented in the following sections of this report.

ITF analysis is based on an assessment tool developed for this project and available at https://www.itf-oecd.org/

good-to-go-environmental-performance-new-mobility. See Annex A for methodological details and data sources.
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Figure 3. Central estimates of life-cycle energy requirements of urban transport modes per pkm
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Notes: BEV = battery electric vehicle; HEV = hybrid electric vehicle; ICE = internal combustion engine; FCEV =
fuel cell electric vehicle; PHEV = plug-in hybrid electric vehicle. These estimates have been developed inputs (such
as average number of passengers, the electricity mix and the ratio of operational km per active km) defined by
global averages (see Annex A for further details and source used) observed prior to the Covid-19 pandemic.
Specific circumstances occurring in different world regions, changes in operational practices and the Covid-19
pandemic should therefore be modelled as individual specific cases, modifying input data accordingly. Sensitivity
results are presented in the following sections of this report.

ITF analysis is based on an assessment tool developed for this project and available at https://www.itf-oecd.org/
good-to-go-environmental-performance-new-mobility. See Annex A for methodological details and data sources.

Figure 4 and Figure 5 show central estimates of life-cycle GHG emissions and energy requirement using
vkm rather than pkm as the functional unit and differentiating among the same components considered
for Figure 2 and Figure 3.
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Figure 4. Central estimates of life-cycle greenhouse gas emissions of urban transport modes per vkm
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Notes: BEV = battery electric vehicle; HEV = hybrid electric vehicle; ICE = internal combustion engine; FCEV =
fuel cell electric vehicle; PHEV = plug-in hybrid electric vehicle. These estimates have been developed inputs (such
as average number of passengers, the electricity mix and the ratio of operational km per active km) defined by
global averages (see Annex A for further details and source used) observed prior to the Covid-19 pandemic.
Specific circumstances occurring in different world regions, changes in operational practices and the Covid-19
pandemic should therefore be modelled as individual specific cases, modifying input data accordingly. Sensitivity
results are presented in the following sections of this report.

ITF analysis is based on an assessment tool developed for this project and available at https://www.itf-oecd.org/
good-to-go-environmental-performance-new-mobility. See Annex A for methodological details and data sources.
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Figure 5. Central estimates of life-cycle energy requirements of urban transport modes per vkm
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Notes: BEV = battery electric vehicle; HEV = hybrid electric vehicle; ICE = internal combustion engine; FCEV =
fuel cell electric vehicle; PHEV = plug-in hybrid electric vehicle. These estimates have been developed inputs (such
as average number of passengers, the electricity mix and the ratio of operational km per active km) defined by
global averages (see Annex A for further details and source used) observed prior to the Covid-19 pandemic.
Specific circumstances occurring in different world regions, changes in operational practices and the Covid-19
pandemic should therefore be modelled as individual specific cases, modifying input data accordingly. Sensitivity
results are presented in the following sections of this report.

ITF analysis is based on an assessment tool developed for this project and available at https://www.itf-oecd.org/
good-to-go-environmental-performance-new-mobility. See Annex A for methodological details and data sources.
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Table 1. Weight, battery capacities and final energy consumption used for the assessment of life-cycle
greenhouse gas emissions and energy intensities

Vehicle E:;i:zy Final energy consumption
weight (kg) (kWh) (use phase) (MJ/km)

E-scooter (private and first generation shared) 13 0.33 0.04

Shared e-scooter (new generation) 29 0.55 0.04

E-bike 27 0.48 0.08

Shared e-bike 34 0.48 0.08

Moped 100 0 0.6

E-moped 90 1.30 0.13

Shared e-moped 90 2.6 0.13

Car - ICE 1510 2.3

Car - HEV 1600 2.1 1.7

Car - PHEV 1770 15 1.0

Private car - EV 1810 60 0.7

Taxi and ridesourcing car - EV 1880 70 0.69

Car - FCEV 1690 2.1 1.08

Bus - ICE 10 200 10.1

Bus - BEV 14 400 325 49

Bus - FCEV 12 300 20 6.5

Metro/urban train 186 000 63.8

Note: ITF analysis is based on an assessment tool developed specifically for this project and available at
https://www.itf-oecd.org/good-to-go-environmental-performance-new-mobility. See Annex A for methodological

details and data sources.

Table 2. Lifetimes, mileages, loads and service vehicles characteristics used for the assessment of life-cycle
greenhouse gas emissions and energy intensities

Vehicle Annual mileage Average Vehicle required to
lifetime .(km/y_ear - ac.ti.ve km, number of provjde operational
o including F:rmsmg and passengers | services
overheading) (pkm/vkm) | (type)

Private e-scooter 3 2 200 1 None

Private bike and e-bike 6 2 400 1 None

Private moped 10 4900 1 None

Shared e-scooter (first generation) 0.8 2 900 1 Van - ICE

Shared e-scooter (new generation) 2.0 2900 1 Van - ICE

Shared bike and e-bike 1.9 2 900 1 Van - ICE

Shared moped 3.7 5300 1.0 Van - ICE

Private car 15 12 100 15 None

Ridesourcing car 7 48 000 0.95 Ridesourcing car

Bus 9 44 000 17 Bus

Metro 40 66 000 190 None

Note: ITF analysis is based on an assessment tool developed specifically for this project and available at
https://www.itf-oecd.org/good-to-go-environmental-performance-new-mobility. See Annex A for methodological

details and data sources.
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Figures 2-5 can help identify key insights characterising energy and GHG emission impacts for a range of
different urban transport options.

28

Private bikes and e-bikes that are reqgularly used? have the lowest life-cycle energy requirements
and GHG emission impacts per pkm. This is the effect of low material requirements per vehicle,
no external energy required for vehicle operation in the case of private bikes, energy efficient use
of electricity for e-bikes and no energy needed for operational services.

Taxis and ridesourcing have the highest life-cycle energy requirements and GHG emission impacts
per pkm. This is the effect of impacts per vkm that are comparable with private cars (see Figure 4
and Figure 5: lower lifetimes for ridesourcing cars are more than compensated by higher annual
mileage, resulting in higher lifetime mileages for ridesourcing), lower ratios of pkm per vkm due
to overheading and cruising, as well as additional emissions for operational services that relate
to the need for drivers to commute from/to their residence to/from the area of demand for taxis
and ridesourcing services.

Private cars’ energy and GHG emission impacts per pkm are more than double those of buses and
significantly larger than those of any form of micromobility (mopeds, bikes, e-scooters and
metros). Across all private cars, electric and electrified vehicles perform better than vehicles
burning fossil fuels in internal combustion engines.

Shared e-scooters, mopeds and e-bikes have similar energy and GHG emissions per pkm to private
mopeds and buses using fossil fuels in conventional engines and slightly worse energy and GHG
emissions per pkm than shared mopeds with the same type of motorisation. The composition of
energy and GHG emissions per pkm and vkm, though, is not homogeneous across these vehicles.
Energy and GHG emission impacts per pkm for e-scooters are mainly imputable to the vehicle
component (due to a rather low lifetime) and operational services (repositioning and charging).
The impacts per pkm are mostly due to the fuel component for vehicles using combustion
technologies, and more evenly distributed between the vehicle and the fuel components for
electric light vehicles. In addition to e-scooters, operational services also contribute to significant
shares of emissions for shared mobility taking place on other types of light vehicles.

Energy and GHG emissions per pkm due to the infrastructure component are most relevant for
individual vehicles requiring the use of significant amounts of lane km of roads, including parking
(i.e. for private cars), as well as taxis and ridesourcing (not requiring parking, but penalised by the
low pkm/vkm ratio). They are less relevant for lighter vehicles that share the road infrastructure
with cars in cases with a low frequency of use and require smaller dedicated lanes for higher
frequencies of infrastructure use. Buses have the lowest infrastructure-related impacts per pkm
due to the high pkm/vkm ratio and intensities of material use per vkm that are similar to cars.

Metros and urban trains have a much higher absolute value of the energy and GHG emission
impacts when they are measured per vkm than any other mode.2 This is essentially due to the
large size of the vehicles. The high values are mitigated when measured per pkm due to their high
loads.

Small and light vehicles are paired with the lowest GHG emissions and energy requirements per
vkm for urban transport infrastructure. This is due to the combination of lower material
requirements (due to vehicle and, therefore, infrastructure size and extension) and lower energy
and GHG emissions needed for infrastructure maintenance. Infrastructure-related impacts per
pkm are also low for transport modes with high occupancies.
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Variability of results to changes in key input parameters

A first indication on the extent to which changes in the input parameters can affect results is shown in
Figure 6, which builds on the information included in Figure 2 to Figure 5. It couples GHG emissions/vkm
with a range of different assumptions on vehicle loads (pkm/vkm), clearly showing that increases in vehicle
occupancy have the capacity to reduce GHG emissions (and energy)/pkm across all modes.

Figure 6. Life-cycle GHG emissions/pkm with different assumptions on occupancy
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Notes: BEV = battery electric vehicle; HEV = hybrid electric vehicle; ICE = internal combustion engine; FCEV =
fuel cell electric vehicle; PHEV = plug-in hybrid electric vehicle. Deadheading is excluded (except for public
transport) by the way the number of occupants is defined, but these results could also be interpreted in a way that
include deadheading travel (one occupant means that the vehicle is always transporting a single passenger or that
it moves two passengers for 50% of the distance, while the other 50% is driven empty, for example).

ITF analysis is based on an assessment tool developed for this project and available at https://www.itf-oecd.org/
good-to-go-environmental-performance-new-mobility. See Annex A for methodological details and data sources.

The following sections explore the effects of sensitivities of the results to changes of the input parameters,
looking specifically at the cases of micromobility, private cars, ridesourcing and public transport.

The analysis developed here focuses primarily on changes related to average values that characterise
different transport options. It also does not aim to discuss impacts due to the high variability of usage, e.g.
due to peak vs. off-peak times, for public transport. The implicit consequence of these choices is that the
analysis developed here excludes cases where the scope of adoption of different transport options is
unlikely to be large. This is either because of poor quality (overcrowded and/or infrequently scheduled
services) or because of a limited economic viability (e.g. public transport provision in low-density

developments, with subsequent low rates of use of available seat km, and/or underutilised rail
infrastructure).»
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Micromobility

Figure 7 shows GHG emission impacts per pkm for a range of sensitivity cases related to first-generation
shared e-scooters, a popular micromobility option, comparing them against the benchmark of the values
identified for the central estimates of Figure 2 to Figure 5 for e-scooters and private cars powered by
internal combustion engines.

Figure 7. Life-cycle greenhouse gas emissions of first-generation shared e-scooters:
sensitivity to changes in key input parameters
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Note: Al = aluminium; EV = electric vehicle.

ITF analysis is based on an assessment tool developed for this project and available at https://www.itf-oecd.org/
good-to-go-environmental-performance-new-mobility. See Annex A for methodological details and data sources.

The sensitivity cases explored in Figure 7 look at changes in the average daily distance, the average vehicle
life, the number of vehicles per servicing trip (i.e. each trip needed to pick up, charge and/or reposition
the shared e-scooters), the average distance travelled by servicing trips and the carbon intensity of the
electricity used by these vehicles. Figure 7 also explores the impact of: 1) changes in the powertrain
technology of vehicles used for servicing purposes (and, in particular, a switch to EVs); 2) changes in the
carbon intensities of batteries (by assuming that the aluminium needed in the batteries is obtained from
low-carbon electricity, rather than coal); 3) changes in battery capacity and; 4) the effects of changes in
vehicle weight (e.g. to reflect vehicle redesigns aiming to extend lifetimes).

Key insights emerging from Figure 7 include the following:

e Changesinthe average daily distance covered by e-scooters have very significant impacts on GHG
emission and energy impacts per km, so that a micromobility vehicle that is used more during the
day will have a lower impact per km (all else being equal). These changes are primarily due to the
way the impacts of the vehicle cycle and operational services are allocated to vkm and pkm, far
larger than the direct impacts related with changes in energy use.

e Changesinthe average life of the e-scooter also have significant implications for GHG and energy
impacts. This is primarily due to the way emissions from vehicle production are allocated to each
vkm, since lower lifetimes also mean lower lifetime mileages.
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e Changes in operational practices, in particular the minimisation of the ratio of servicing vehicle
km to e-scooter km (achievable with increases in the average number of e-scooters per service
vehicle trip or the reduction of service trip distances, or both) lead to net improvements in terms
of energy and GHG emission impacts.

e The adoption of technologies that reduce the carbon intensity of material production, such as a
greater use of recycled metals (e.g. aluminium or steel) and low-carbon processes for the
production of the materials needed in vehicles (with the case of a lower carbon intensity in
aluminium smelting actually represented in Figure 7) can offer significant savings in terms of GHG
emission/pkm. This is due to the high relevance, for e-scooters, of the vehicle component for the
determination of life-cycle GHG emissions and energy use.

e Switching to service vehicles that consume less energy and emit no tailpipe GHG emissions per
vkm (EVs rather than ICE vehicles, in the example considered in Figure 7) is also an effective way
to mitigate energy and GHG emission impacts per pkm. Other vehicles —including dedicated ones
such as cargo bicycles — can also be very effective, provided that they have a high enough usage
rate (necessary to limit the emissions due to manufacturing and materials).

e Increases in vehicle weight lead to net increases in energy and GHG emissions/pkm, unless they
are countered by effective improvements in terms of lifetime extension (a combination that is
not explicitly represented in Figure 7).

These insights are aligned with some of the actions taken by many micromobility companies to reduce the
energy and environmental impacts of e-scooters, including, in particular through, vehicle redesigns aimed
at increasing vehicle lifetimes (Hawkins, 2020; Schuller and Aboukrat, 2019) and changes in servicing
vehicles (e.g. switching to companies rather than freelancers, as reported in Dillet [2019]). Figure 8
illustrates the impact of a number of improvements recently introduced in the new generation of shared
e-scooters. In particular, the central estimate of Figure 8 (also shown in Figure 2 to Figure 5) accounts for
the higher weight of new e-scooters, design improvements aiming to extend vehicle lifetime (by reducing
the impact of tampering and vandalising) and the reliance on larger batteries (with the option of making
them swappable). Figure 8 also shows the effects of the application of further improvements to design,
operational and use parameters, showing that there are margins to improve current energy and GHG
emissions/pkm and that these margins are significant if multiple improvements are implemented at the
same time.

The case of battery swapping as an option for reducing energy and GHG impacts of e-scooters per pkm
(and reduce costs) is one of the design improvements that emerged recently in some of the new e-scooters
(see, for example, TIER Mobility [2019] and Gauquelin [2020]). The actual impact of battery swapping on
energy and GHG emissions/pkm depends on the details of how it is designed and implemented. Switching
to swappable batteries increases the number of overall batteries (and battery management systems)
required to operate the e-scooter fleet. This increases the overall energy and GHG emissions/pkm.

On the other hand, battery swapping can also lead to reductions in energy and GHG emissions/pkm. This
happens if battery swapping reduces the ratio of service vehicle km per e-scooter km and eases the
reliance on energy-efficient and low-emission vehicles. As such, it is also a potential enabler of e-scooter
lifetime extensions and improvements in the efficiency of operational services.

GOOD TO GO? ASSESSING THE ENVIRONMENTAL PERFORMANCE OF NEW MOBILITY © OECD/ITF 2020 31



DO NEW MOBILITY SERVICES IMPROVE ENVIRONMENTAL OUTCOMES?

Figure 8. Life-cycle greenhouse emissions of the new generation of shared e-scooters and effects of further
improvements for their further reduction
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ITF analysis is based on an assessment tool developed for this project and available at https://www.itf-oecd.org/
good-to-go-environmental-performance-new-mobility. See Annex A for methodological details and data sources.

The capacity of battery swapping to lead to net energy and GHG emission savings also depends on details
related to design characteristics. For example, swappable batteries can be targeted for theft and may be
subject to a higher risk of damages related with their handling processes or water infiltration. The net
balance for energy and GHG emissions also depends on the characteristics of design solutions that would
be adopted as an alternative to battery swapping. For example, opting for larger battery packs as an
alternative to battery swapping ends up increasing the CO, emissions due to the vehicle component of the
life cycle.
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Private cars

Figure 9 focuses on sensitivity results for private cars, exploring impacts of changes in:

e input values related to battery size, the carbon intensity of battery manufacturing (through
changes in the production process of aluminium), the vehicle size and the carbon intensity of
electricity in the use phase for battery electric vehicles

e inputs characterising the way hydrogen is produced and the vehicle size of fuel cell electric
vehicles

e inputs related to vehicle size for hybrid electric and internal combustion engine vehicles.

Figure 9. Life-cycle greenhouse gas emissions and energy/pkm of private cars:
sensitivity to changes in vehicle size, fuel production pathways and, for BEVs, battery pack size
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internal combustion engine; SUV: sport utility vehicle.

ITF analysis is based on an assessment tool developed for this project and available at https://www.itf-oecd.org/
good-to-go-environmental-performance-new-mobility. See Annex A for methodological details and data sources.
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The results illustrated in Figure 9 show that:

Larger vehicles require more fuel to move and more materials — this is why increases in vehicle
size (and weight) lead to more GHG emissions and energy use from the LCA fuel and vehicle
components. These increments are largest for non-electrified powertrains and are lowest for
battery electric cars. This is primarily due to the possibility, for electrified powertrains, to recover
energy through regenerative braking mechanisms.z

A shift to low carbon electricity significantly reduces GHG emissions/pkm in the in-use phase (fuel
component) for BEVs and FCEVs, despite residual emissions due to manufacturing (reducing the
latter requires a transition to low carbon industrial processes related to material extraction,
refinement, processing and assembly to also experience reductions).

Even if BEVs and FCEVs powered by hydro-, solar and wind electricity in the in-use phase have
similar GHG emissions per km, life-cycle energy (mostly electricity) requirements per pkm are far
higher in the case of FCEVs using “green” hydrogen (i.e. hydrogen derived from solar and wind
energy). Energy per pkm is even higher for hydrogen production when accounting for electrolysis
and the generation of electricity required for electrolysis, given the additional losses taking place
in the upstream conversion of other primary energies into electricity.

For FCEVs to display similar life-cycle impacts as BEVs on GHG emissions, the carbon intensity of
the electricity needed for the production of hydrogen must be much lower than the one needed
by battery electric vehicles. This is due to the far better life-cycle thermodynamic efficiency of
BEV electric motors, batteries, chargers, electricity production and transport versus FCEV
powertrains, hydrogen storage tanks, refuelling infrastructure, production from electricity
and transport.

Lower battery capacities, as well as reductions in the carbon intensity of aluminium production
(leading to carbon intensities of battery pack production, assembly and disposal of
75 kgCO,/kWh, in the case shown in Figure 9) result in a net reduction of GHG emissions per pkm
for BEVs. These effects are mitigated by the relatively small share of GHG emissions from the
vehicle component (unless electricity is from low-carbon sources) and by the partial relevance of
battery manufacturing within this component.

Other significant GHG reduction pathways include both technical and operational solutions that have not
been represented in Figure 9. In particular, this is the case when:

there are increases in vehicle loads, which can also deliver life-cycle energy efficiency
improvements

there is a transition to low-carbon fuels for combustion engines (also viable for hybrid electric
vehicles), a possibility enabled by low-carbon fuels, including biofuels that meet carbon intensity
criteria such as those included in Europe in the last update of the Renewable Energy Directive
(RED Il, 2018/2001/EU)% and synthetic fuels.?® The latter include certain forms of advanced
biofuels, as well as electrofuels (see Box 2 for additional details).

In the case of low-carbon fuels, it is also important to acknowledge that GHG emission savings are generally
associated with higher life-cycle energy consumption. This is due to the higher amounts of energy needed
for their production, in comparison with the extraction and refining of petroleum fuels.

34

GOOD TO GO? ASSESSING THE ENVIRONMENTAL PERFORMANCE OF NEW MOBILITY © OECD/ITF 2020



DO NEW MOBILITY SERVICES IMPROVE ENVIRONMENTAL OUTCOMES?

Box 2. Low-carbon synthetic fuels

Synthetic fuels are obtained from the chemical synthesis of hydrogen and carbon (from different biological
and non-biological origins) or nitrogen. There are many potential pathways available that produce fuels in
gaseous (methane) or liquid forms (methanol, gasoline, diesel, kerosene and liquid ammonia) such as
gasification, pyrolysis or the new concept of power-to-fuels or so called electrofuels (combining low-carbon
hydrogen from either diluted or concentrated sources of renewable carbon).

Key advantages of synthetic hydrocarbons that can be direct substitutes for their fossil equivalents (e.g.
synthetic diesel) include:

e A CO,abatement potential can be as high as approximately 85-96% during their production phase
(JEC, 2019).

e The possibility to be used as drop-in fuels, i.e. direct substitutes of their fossil equivalents, thanks
to properties that can be tailored to be fully compatible with existing infrastructure, storage,
distribution and vehicles. This could come with important benefits for both energy and GHG
emission impacts, since the use of existing infrastructure would effectively limit material and
energy requirements that would otherwise be necessary for the deployment of new
infrastructure.

However, there are still significant barriers in the chain to leverage the full potential of these synthetic
fuels in the future. In the case of biomass and waste-based fuels, some of the key enablers are identified
across the whole production chain, from ensuring and maximising sustainable feedstock availability and
resource mobilisation to the production sites to additional research and development to boost
development and scale up of the technologies with a lower technology readiness level. When the synthetic
fuel routes are explored in detail, the main limiting factors are the large thermodynamic losses that take
place across their production and use.

A first source of thermodynamic losses relates to the need to produce low-carbon hydrogen, since low-
carbon hydrogen is a key feedstock for the synthesis process needed to produce low-carbon electrofuels.
These losses are related either to the conversion of electricity into hydrogen through electrolysis or the
synthesis of hydrogen from methane, only considered as a low-carbon route in cases where the capture
and storage of fossil carbon is possible.

A second source of thermodynamic losses relates to the need to combine low-carbon hydrogen with
carbon molecules that are part of a circular loop. Some of the main potential sources of carbon as
feedstock include, for example, carbon derived from biomass (where the closed loop is achieved through
the absorption of the atmospheric carbon while plants grow) or the “direct air capture” of CO; (consisting
of processes that separate atmospheric CO; to obtain carbon that is then used for the chemical synthesis
enabling the production of electrofuels). In both cases, additional thermodynamic losses arise from the
need to convert the primary source of carbon (biomass or CO,) into carbon monoxide that enters the
synthesis process allowing the production of electrofuels.

A third source of thermodynamic losses relates to the fact that synthetic fuels are used in internal
combustion engines, inherently subject to limitations with respect to thermodynamic efficiency, even if
this is partly mitigated by the energy efficiency improvements offered by hybridisation.

Due to the significant thermodynamic losses and the multiple conversions required for their production,
producing electrofuels at scale would require very large amounts of low-cost and low-carbon electricity,
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far beyond those needed in systems where electricity is stored in batteries and used in electric motors.
Losses and production complexity are also important limiting factors in terms of production costs.

Nevertheless, there could be specific situations that could allow power-to-liquid fuels to be economically
efficient when compared to alternatives with lower technical losses. An example is the case of hydrogen
production in locations with high solar and wind energy endowment (given their declining costs) possibly
complemented by nuclear or hydro-power generation, since these options could improve costs of
production for synthesis options less able to cope with variable hydrogen supply. Also to be considered is
the use of blue hydrogen (produced from steam reforming of methane and associated with a carbon
capture and sequestration system), as natural gas is widely available at a low cost. These two options can
be also combined in specific regions where they are available to facilitate a transition while the renewable
electricity production capacities increase.

Due to the considerations mentioned above, both positive and negative, the potential role of synthetic
fuels in the future is still debatable, but despite their high energy consumption, they are currently explored
as a potential fuel alternative in the long-term strategy of different countries to achieve climate neutrality
— e.g. the report issued by the European Commission in 2018 entitled A Clean Planet for All (EC, 2018),
especially in the case of long-distance transport applications, such as aviation and shipping.

Ridesourcing

Figure 10 considers the same changes in input values already taken into account in Figure 9, but it focuses
on ridesourcing services rather than private cars. As in the case of Figure 7 to Figure 9, Figure 10 includes
reference benchmarks of the central estimates of GHG emissions and energy/pkm of private cars powered
by ICEs (the latter are also shown in Figure 2 and Figure 3). Given the large mileage considered in the
central case for ride hailing services (400 000 km over the full vehicle life), the case of a BEV represented
in Figure 10 assumes the need for two battery packs across the whole life of the vehicle.

The results in Figure 10 are complemented by a range of additional sensitivity cases for ridesourcing
services, shown in Figure 11. These take into account impacts related to changes in ridership and the ratio
of deadheading distance and distance with passengers on board. Since the proportions of the impacts of
these changes do not vary when looking at GHG emissions or energy/pkm, Figure 11 focuses exclusively
on GHG emissions/pkm.
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Figure 10. Life-cycle GHG emissions and energy/pkm of ridesourcing cars:
sensitivity to changes in vehicle size, fuel production pathways and, for BEVs, battery pack size
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Notes: BEV = battery electric vehicle; FCEV = fuel cell electric vehicle; HEV = hybrid electric vehicle; ICE =
internal combustion engine; SUV: sport utility vehicle.

ITF analysis is based on an assessment tool developed for this project and available at https://www.itf-oecd.org/
good-to-go-environmental-performance-new-mobility. See Annex A for methodological details and data sources.
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Figure 11. Life-cycle GHG emissions/pkm of ridesourcing cars:
Sensitivity to changes in ridership and the ratio of deadheading and total distance travelled
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Note: all cases refer to ICE vehicles.

ITF analysis is based on an assessment tool developed for this project and available at https://www.itf-oecd.org/
good-to-go-environmental-performance-new-mobility. See Annex A for methodological details and data sources.

The results in figures 10 and 11 show that four main strategies can provide effective contributions to
reducing the high life-cycle GHG emission impacts per pkm of conventional ridesourcing services:

e a switch to BEVs or FCEVs, especially when electricity or hydrogen are obtained from renewable or other
forms of energy with very low carbon intensity

e a significant occupancy increase during the portion of ride hailing trips carrying passengers
¢ a reduction of the ratio between deadheading and total distance travelled
e the combined adoption of all solutions cited above.

With the exclusion of FCEVs (which are limited by thermodynamic losses for hydrogen production), these
solutions can also reduce energy use per pkm.

Figure 10 and Figure 11 also confirm the following conclusions of Figure 9: the net increases of energy and
GHG emissions per car km a from size and weight increase; the net savings (even if limited in magnitude)
due to reductions in battery capacity and the use of less carbon-intensive battery manufacturing
technologies; and the much stronger requirements, for FCEVs, to rely on low-carbon hydrogen production
pathways, in comparison with BEVs, for the same level of GHG emissions/pkm.

As in the case of private cars, a transition to low-carbon fuels can also help achieve net reductions of GHG
emissions per pkm for ridesourcing vehicles. These include biofuels that meet sustainability criteria
(namely advanced biofuels based on cellulosic biomass and biofuels relying on waste as feedstock — e.g.
used cooking oil) and synthetic hydrocarbons, provided that the hydrogen is from low-carbon energy
sources and the carbon is renewable or part of a closed loop. In the case of synthetic hydrocarbons, the
energy/pkm limitations already flagged for FCEVs and hydrogen are further exacerbated by additional
thermodynamic losses in the production process and the lower thermodynamic efficiency of ICEs.
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Public transport

Sensitivity results for buses are illustrated in Figure 12. Figure 13 focused on metros and urban trains. Both
look at the impacts on GHG emissions/pkm due to variations in ridership and vehicle lifetime. Figure 12
considers the cases of higher amounts of deadheading kilometres and a full reliance on dedicated bus
lanes, it includes key examples of fuel/powertrain technology switching (namely to BEVs and FCEVs, also
with zero carbon electricity) and also shows energy consumption per pkm of each case. Figure 13 also
includes results related to changes in the lifetime of rail infrastructure.

Figure 12. Life-cycle GHG emissions/pkm of buses: sensitivity to changes in selected input parameters
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Note: BEV = battery electric vehicle; FCEV = fuel cell electric vehicle; ICE = internal combustion engine.

ITF analysis is based on an assessment tool developed for this project and available at https://www.itf-oecd.or
good-to-go-environmental-performance-new-mobility. See Annex A for methodological details and data sources.
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Figure 12 and Figure 13 show that, in the case of public transport, most of the sensitivity changes lead to
limited variations of the GHG emission impacts, especially if compared with the magnitude of GHG
emissions for private cars. Lower ridership, higher deadheading, the use of dedicated lanes, lower vehicle
life, lower infrastructure life and increased frequency all lead to small relative increases in GHG emissions
per pkm. The impact of lower ridership is particularly relevant for public transport operators weighing
responses to Covid-19. Increases in ridership, vehicle and infrastructure lifetime and decreased frequency
all lead to relative reductions in GHG per pkm. Dedicated lanes come with net energy savings thanks to
lower energy use per vkm due to smoother traffic, but also greater emissions and energy use from the
infrastructure component due to lower frequencies of use of dedicated lanes vs. conventional road space.

Figure 13. Life-cycle greenhouse gas emissions/pkm of metros and urban trains:
sensitivity to changes in selected input parameters
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Note: ITF analysis is based on an assessment tool developed specifically for this project and available at
https://www.itf-oecd.org/good-to-go-environmental-performance-new-mobility. See Annex A for methodological
details and data sources.

The cases reflecting fuel/powertrain technology switching in Figure 12 broadly confirm the findings that
already emerged in the case of cars and ridesourcing, in particular the possibility of BEVs and FCEVs using
energy vectors produced from zero carbon electricity to abate signifcantly GHG emissions from buses, and
the need for a far larger amount of low-carbon electricity in fuel cell buses if compared with a battery
electric bus. A transition to low-carbon fuels for combustion engines (also viable for hybrid electric
vehicles) is also a possibility applicable to buses, even if this is not included in Figure 12. When this
transition is applied to buses, GHG emission savings are associated with higher life cycle energy
consumption in comparison with buses using fuels obtained from oil refining. The extent of this increase
depends on the specific low-carbon fuel production pathways considered, as well as the characteristics of
the oil resources.

In all cases tested in Figure 12 and Figure 13 that do not concern changes in vehicle technologies or the
energy mix, the percent changes in the energy impacts (with respect to the central cases) have the same
magnitude of those observed for GHG emissions.
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Figure 12 and Figure 13 also show that changes in ridership lead to the largest impacts on GHG
emissions/pkm. This is because variations in pkm/vkm affect all the LCA components, while other
sensitivity cases considered have impacts only on specific components (vehicle, infrastructure and
operations). Reductions in ridership have greater impacts in terms of GHG emissions and energy use/pkm
than increases in ridership. As with buses, the impact of lower ridership on metros and trains is particularly
relevant in assessing Covid-19 responses in public transport.

Multimodal trips

Urban movements take place over different trip distances and, especially for longer trips, do not always
rely on a single mode of transport. Looking at trips that combine different modes of transport adds value
to the comparative results outlined in the earlier sections of this report. Figure 14 describes the impact of
selected modal combinations on GHG emissions per pkm.

Figure 14. Life-cycle GHG emissions/pkm of selected examples of multimodal trips
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Note: BEV = battery electric vehicle; ICE = internal combustion engine. The percentages in the labels refer to the
fractions of the total multimodal trip distance.

ITF analysis is based on an assessment tool developed for this project and available at https://www.itf-oecd.org/
good-to-go-environmental-performance-new-mobility. See Annex A for methodological details and data sources.

Multimodal trips in Figure 14 focus specifically on the combination of bus and metro or urban rail with
shared e-scooters, bikes, e-bikes, electric mopeds and car-based ridesourcing services. This is due to the
better performance of public transport in terms of energy and GHG emission impacts (see Figure 2 to
Figure 5) and the natural synergies of public transport and shared mobility services in terms of improved
accessibility. GHG emissions/pkm for private cars using internal combustion engines are also included in
the figure, providing a comparative benchmark.
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Two main insights emerge from Figure 14:

e Combining buses or metro and urban trains with different forms of micromobility (shared
e-scooters, bikes, e-bikes, electric mopeds) results in a similar level of GHG emissions per pkm as
single use of either buses or metro and urban trains, especially when most of the distance is
carried out on urban buses (i.e. when other modes have a feeder function).

e Combining ridesourcing with public transport can mitigate the GHG emission and energy use
impacts of these services provided that the combined trips actually expand public transport use
by displacing car use. Under all the assumptions retained for the central estimates shown in
Figure 2 to Figure 5, combining ridesourcing with high capacity transport services like metros and
urban trains can maintain GHG emissions/pkm below those of ICE cars if the distance travelled in
ICE-car-based ridesourcing services is below half of the total distance.

The replacement of more energy- and GHG emission-intensive taxi, ridesourcing and private car trips is
essential to ensure that the combined use of public transport and new mobility actually results in net
energy and GHG emission savings.

Even if there are tangible signs of people favouring combined public transport/new mobility trips, the
likelihood of new urban transport modes to replace more energy- and GHG emission-intensive taxi and
private car trips is far from given.

Modal substitution

This section discusses quantitative indications emerging from surveys of users of ridesourcing, carsharing
and micromobility services and related modal substitution, offering an indication of the implications of
current consumer preferences. Key indicators are summarised in Table 3.

Table 3. Modal substitution from ridesourcing, carsharing and micromobility

Modal substitution effect
Mode Country Publi
ublic Induced
Taxi Cars Walkin Cyclin
transport g | tycing travel

United States -39% -33% -6% 8%
Ridesourcing

France -27% to -32% -38% to -45% -5% 9%

United States Slight reduction | -10% -10%
Carsharing

France Slight increase -10% -10%

United States -15% -10% -15% -37% -9% 8%

. - -4% to
Micromobility France -4% to -5% -29% 59 -47% -12% 3%
- (o]
Brazil -26% -20% -14% -52%

Note: This review builds entirely on information gathered before the development of the Covid-19 pandemic and
does not account for a number of specific effects that the pandemic has had and will likely induce, such as the
decline and structural modification of transport demand for rides (including a greater relevance of the delivery
segment over passenger movements) during lockdowns, the consequences of social distancing on modal choices
during reopening, impacts on cash flow and balance sheets, nor on capital constraints for fast-growing new
mobility companies.

Source: ITF analysis basis on Cohen and Shaheen (2016), 6-t (2016), Franckx and Mayeres (2016), Clewlow and
Mishra (2017), Rayle et al. (2014), Erich (2018), 6-t (2014), Shaheen and Cohen (2016), Martin, Shaheen and
Lidicker (2010), PBOT (2018), Kwak, Alves and Greco, (2019), 6-t (2019a), 6-t (2019b), Bird (2019) and Chen,
van Lierop and Ettema (2020).
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Bearing in mind the importance of integrating public transport and new mobility to achieve net reductions
in energy and GHG emissions per pkm, key insights emerging from this brief overview indicate that:

e Key determinants of public transport supply and demand, including the nature of the built
environment and, in particular, public transport infrastructure, population density, job density,
street design and land-use mix influence modal choices and the capacity of new mobility modes
to complement or compete with established ones.

e Ridesourcing has been used mainly as a substitute for traditional taxi services. It has been
competing with public transport and, to a lesser extent, displaced private car travel. This effect is
stronger in more car-centric urban environments. While some indicators also show the existence
of intermodal travel combining public transport (in particular urban rail) and ridesourcing, to date
the extent of this use has been limited.

e Carsharing has proven effective in reducing personal vehicle travel in favour of public transport,
even if the extent of its adoption has been less dynamic than that of other new mobility options.
Individuals who abandon private vehicle ownership once they join carsharing schemes generally
rely on public transport for intermodal trips. This is more effective in compact urban
environments where public transport is an economically viable option.

e Micromobility options have limited capacity to displace car travel, but they also have a genuine
capacity to be relevant as a segment of longer intermodal trips, increasing the catchment area of
public transport (and, therefore, strengthening their capacity to compete with car travel). For
micromobility, this is not only true for rail, but also for bus services. Nevertheless, more efforts
are needed to ensure the integration of micromobility with public transport.

Ridesourcing

Ridesourcing has been used mainly as a substitute for traditional taxi services. Cohen and Shaheen (2016)
report that this is the case for 39% of the trips in San Francisco. 6-t (2016) puts the percentage at 27-32%
in lle de France (the metropolitan area around Paris). Franckx and Mayeres (2016) also argue that the
replacement of taxis is the primary effect of ridesourcing.

Public transport is the second mode most replaced by ridesourcing services: about 33% of trips in the
United States (Cohen and Shaheen, 2016) and 38-45% in lle-de-France (6-t, 2016). Clewlow and Mishra
(2017) find that ride-hailing users experienced a net decrease in their transit use in the United States, and
6-t (2016) find the same for lle-de-France. Clewlow and Mishra (2017) find mixed results, depending on
the type of transit service, with increases in heavy rail and reductions in other transit services in the
United States. 6-t (2016) finds declines in both trains and other public transport services (but considers
that the substitution of train rides with ridesourcing tends to be associated with structural developments,
such as changes in the place of residence). Net reductions in public transport due to ridesourcing emerge
even if some of the ridesourcing trips started or ended in public transport stations: in the survey carried
out in San Francisco, a public transport station was reported as the origin or destination of a trip by 4% of
respondents (Cohen and Shaheen, 2016).

Ridesourcing was also found to induce travel that would not have taken place otherwise. Cohen and
Shaheen (2016) state that in the survey carried out in San Francisco, 92% of respondents replied they still
would have made the trip, suggesting that ridesourcing has an 8% induced travel effect. 6-t (2016) states
that 22% of trips would not have taken place (primarily late-evening ones), 40% of which were
irreplaceable by other modes, even if the hour of the trip were modified. Despite the induced travel,
ridesourcing is also estimated to have contributed to a reduction of car ownership in lle-de-France (3%
according to 6-t [2016]), a result that is consistent with the indications available from Clewlow and
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Mishra (2017) for the United States, which found that 9% of ride hailing users (which account for 21% of
adults) indicated that they had disposed of one or more household vehicles as a result of ridesharing
options made available.

Finally, ridesourcing was found to only marginally replace private cars trips: 6% in the United States (Cohen
and Shaheen, 2016) and 5% in lle-de-France (6-t, 2016). Rayle et al. (2014) also refer to a survey carried
out in San Francisco where 6% of ridesourcing users said they would have driven their own vehicles if
ridesourcing was not available.

Carsharing

Carsharing has been found to reduce car ownership, due to either sales or deferred purchases, with a ratio
of personal cars replaced by one shared car ranging mostly around five to ten, with countries with more
modal diversification at the bottom of the range. According to Erich (2018), one car used in professional
round-trip sharing schemes replaces ten owned cars. Cohen and Shaheen (2016) give a range of nine to
13 cars in the United States, six to 23 in Canada and four to ten in Europe (where vehicle ownership and
private car reliance is lower) for round-trip schemes. The European estimate is broadly confirmed for
France in a recent report by 6-t (2019b). One-way schemes have a weaker impact: seven to 11 vehicles in
the United States and three in France per each shared car. In the United States, this is mostly from single
households becoming carless, but also from two-car households becoming one-car households (Cohen
and Shaheen, 2016).

In terms of modal choice, reductions in car ownership occurring for individuals opting for carsharing are
commonly associated with increased public transit ridership, walking, and bicycling (6-t, 2014, 2019b;
Cohen and Shaheen, 2016; Martin, Shaheen and Lidicker, 2010). This phenomenon is stronger in France
and weaker in the United States for public transport (probably due to differences in the availability of
public transport). As a result, carsharing has led to limited impact on public transport trips: a slight
reduction of public transport use in the United States, and a slight increase in France.

Car sharing also tends to reduce vehicle km travelled by about 10% for its members (6-t, 2014; Cohen and
Shaheen, 2016; Shaheen and Cohen, 2016).

Micromobility

Stated preferences surveys indicate that roughly 30% of dockless e-scooter sharing trips displace car trips
in car-intensive cities of North America (Bird, 2019; PBOT, 2018), 40% in Brazil (Kwak, Alves and Greco,
2019) but only 8% to 10% of in France (6-t, 2019a and 2019b). In France and Portland, car trip displacement
is roughly split 50/50 for personal cars and car-based ridesourcing (Bird, 2019 and 6-t, 2019b). In Brazil,
the shares are 36/64 (Kwak et al., 2019).

E-scooter sharing also replaces some lower emission active mobility trips. In Portland and Paris,
respectively, if scooter sharing had not been available 37% and 47% of respondents said they would have
walked, 10% and 29% would have taken public transport, 9% and 12% ridden a bicycle (5% owned and 4%
shared in Portland; 7% shared and 2% owned in France) and 8% or 3% would have not made the trip (PBOT,
2018; 6-t, 2019b). Walking is also the most replaced option in Brazil (58%), followed by car-based
ridesourcing (25%), car travel (14%) and public transport (8% for buses, 6% for BRT and 6% for metro or
train) (Kwak, Alves and Greco, 2019).

6-t (2019b) and Kwak, Alves and Greco (2019) also report that 15% and 26% of the trips taken on e-scooters
in France and Brazil, respectively, were connected with public transport, a characteristic that is also
common (and even stronger, in both cases) for bikesharing. Lime (2018) reports a share of 20% of trips
to/from public transport.
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Bikesharing (including both dockless and station-based solutions) is used for trips having similar distances
to shared e-moped/motorscooters (5.25 km/trip, in France), replacing public transport in cities where it is
widely available (France), and only marginally in more car-centric environments (United States), especially
when it allows users to get to destinations more quickly and cheaply than alternative modes (Cohen and
Shaheen, 2016; Shaheen and Cohen, 2016). Like e-scooters, shared bikes are also found to substitute
walking and to be positively correlated with the high availability of bike lanes, population density and with
mixed land use. Reduced car use has also been observed in cases of station-based bikesharing systems
(Chen et al., 2020).

Like other micromobility options, bikesharing systems have been found to be relevant as a segment of
longer intermodal trips, increasing the catchment area of public transit (Chen et al., 2020): in France,
bikesharing is used in roughly one trip out of three to four in conjunction with other modes — mostly public
transport (Cohen and Shaheen, 2016 and Shaheen and Cohen, 2016).

Effects of changes in technologies and business models on energy
and greenhouse gas emissions

The evolution of energy and GHG emission impacts on urban passenger mobility options depends on
several elements. Some are the choices regarding materials used for vehicle and infrastructure
construction, technologies related to vehicle powertrains and energy vectors, and the characteristics of
new mobility business models given the implications these may have on modal choice, vehicle lifetime and
operational services.

A clear strategy to minimising energy and GHG emissions is favouring modes or modal combinations that
have high average load factors. This means giving priority to high capacity public transport services and,
where appropriate, seizing opportunities to integrate new mobility options in ways that enhance overall
accessibility and catchment areas at the outset.

For the vehicle component, the minimisation of energy and GHG emissions impacts will be facilitated by:

e a greater reliance on recycled materials and on material extraction, processing and production
processes that maximise energy efficiency and/or use low-carbon energy sources

e giving more thought during the design phase to the following:

o solutions that minimise material needs for the manufacture and maintenance of vehicles
and their components (in particular batteries, given their material intensity)

o solutions that maximise recycling opportunities
o solutions that can extend the lifetime of vehicles and components for shared modes

o choices related to the combination of materials used for vehicle manufacturing that
balance energy and carbon intensiveness of materials against vehicle weight

o the thermodynamic efficiencies of vehicle powertrains and the energy losses and GHG
emissions resulting from fuel production and use.

Solutions that minimise energy and GHG emission impacts in the vehicle component of the LCA are
especially relevant for vehicle technologies that are more material intensive, such as BEVs and FCEVs, and
for vehicles with short vehicle lifetimes, such as those used for micromobility.
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For the fuel component, minimising energy and GHG emission impacts requires:

e The increased reliance on energy-efficient (and, therefore, GHG emission-efficient) powertrain
technologies for all transport vehicles, accompanied by the increased reliance on low-carbon
energy vectors. This includes, in particular, electric motors and batteries in the case of vehicles
and low-carbon electricity in the case of energy vectors. It also includes low-carbon hydrogen and
liquid fuels (e.g. advanced biofuels and/or electrofuels), especially in cases where electrification
faces implementation barriers (e.g. vehicles with large range requirements).

e The integration of systems (ICEs, electric motors, fuel cells, batteries, liquid fuel storage and
hydrogen storage tanks), helping strike the optimal balance between:

o resource-intensive technologies with excellent energy efficiency characteristics and low-
carbon energy vectors (such as large car batteries and electric motors, combined with
electricity)

o vehicle technologies that are much less thermodynamically efficient (such as combustion
engines and, to a lower extent, fuel cells, as well as the technologies needed to produce
hydrogen and electrofuels) but have better performances in terms of resource efficiency
(since they come with lower material requirements).

Greater reliance on recycled materials and on material extraction, processing and production processes
that maximise energy efficiency and/or the reliance on low-carbon energy sources is also relevant to
reducing energy and GHG emission impacts for transport infrastructure construction. Design solutions that
maximise portions of infrastructure that are less material intensive (e.g. at grade railways vs. underground
or elevated) are also important, as is optimising maintenance and extending infrastructure lifetime.
Additionally, since energy and GHG emissions/pkm due to the infrastructure component decline with
increasing frequency of use, solutions supporting the integration of new mobility modes in ways that
enhance the accessibility and catchment capacity of public transport infrastructure also may contribute to
net GHG emission reductions. This is especially relevant in the case of modes for which energy and GHG
emission intensities per network km are highest, like underground metros.

A number of developments related to mobility service operations could reduce the energy- and GHG-
intensity of new mobility options. For car-based services (in particular ridesourcing), the most relevant
developments include:

e favouring a transition to vehicle and energy vectors with lower energy and GHG emission impacts
(e.g. shifting early to BEVs using renewables)

e prioritising the integration with public transport
e prioritising high vehicle occupancy.

For micromobility, prioritising design choices (such as modular construction) that extend the lifetime of
vehicles and/or their components and integration with public transport have the highest relevance.

All new mobility services would also benefit from the minimisation of travel and energy/GHG intensity of
servicing operations.
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Ensuring that new mobility
improves energy and climate outcomes

The uptake of new mobility services underscores the value they provide to people. Self-owned bicycles,
followed by mopeds, metros and buses significantly outperform cars with respect to energy and GHG
emission impacts per kilometre when the assessment accounts for vehicles, fuels and infrastructure
together. However, when the scope of the assessment broadens to include operations (under the
assumptions regarding average operating conditions underlying Table 1 and Table 2), new mobility options
display variable results in terms of energy and GHG emission impacts per passenger kilometre of travel.

Shared micromobility services using e-scooters, bikes, e-bikes and mopeds have energy and GHG emission
impacts per pkm that are comparable in magnitude to those of metros and buses, even if there is room
for improvement, especially for shared e-scooters. Shared mobility services have the highest energy and
GHG emission impacts/pkm of all urban mobility options. To lessen this impact, their load factor would
have to be effectively increased, their deadheading kilometres minimised and their powertrain
technologies and energy vectors switched to solutions that significantly reduce energy use and GHG
emissions. Further improvements are possible if new mobility services are integrated in multimodal
movements complementing public transport, ridesourcing and taxi trips, even under their typical
operating conditions.

New mobility options are also characterised by significant impacts due to the operational component, a
contribution that is generally excluded from conventional LCAs and should be duly taken into account for
shared services. Figure 15 illustrates this, showing GHG emissions/pkm shares (based on the central
estimate of Figure 2) for a selection of vehicles that can be used for private or shared purposes.

When people use new mobility services for travel they do not do so exclusively, nor even primarily in many
cases, at the expense of personal car travel. Data that predate the shock of the Covid-19 pandemic indicate
that these trips often replaced trips taken by less polluting means such as walking, public transport and
cycling. In the same conditions, new mobility options also induce new trips.

Overall energy use and GHG emission impacts are sensitive to changes in a number of parameters. Among
those, the following matter most:

e technology choice for vehicle propulsion and related energy vectors
e vehicle occupancy and lifetime

e vehicle size/mass

e frequency of infrastructure use

e characteristics of operational practices.

The adoption of good or best practice in each of these areas can lead to significant improvements in terms
of energy and GHG emissions per passenger kilometre. Conversely, poor practices can have significant
adverse effects, and should therefore be addressed through policy measures or other means.
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Figure 15. Shares of emissions from different life cycle assessment components for selected modes
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Notes: BEV = battery electric vehicle; HEV = hybrid electric vehicle. These estimates have been developed inputs
(such as average number of passengers, the electricity mix and the ratio of operational km per active km) defined
by global averages (see Annex A for further details and source used) observed prior to the Covid-19 pandemic.
Specific circumstances occurring in different world regions, changes in operational practices and the Covid-19
pandemic should therefore be modelled as individual specific cases, modifying input data accordingly. Sensitivity
results are presented in the following sections of this report.

ITF analysis is based on an assessment tool developed for this project and available at https://www.itf-oecd.org/
good-to-go-environmental-performance-new-mobility. See Annex A for methodological details and data sources.
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Strategies to reduce energy use and GHG emissions for new mobility

The following actions will improve direct energy consumption and GHG emission outcomes from new
mobility services:

Where possible, increase the number of passengers transported per vehicle. This is most relevant
for ridesourcing services (since micromobility services are inherently focused on single-occupant
vehicles) but also important for private cars and public transport. That said, current health
imperatives requiring physical spacing due to Covid-19 is openly challenging such initiatives for
public transport.

Move towards vehicle powertrains and energy vectors that, as in the case of private cars and
public transport, reduce energy use and cut emissions (such as electric vehicles). This is relevant
for ridesourcing given the energy use and emissions of typical cars and vans, as well as for the
vans that service micromobility operations.

Extend vehicle lifetimes. This is especially relevant for micromobility vehicles and components
that have relatively short lifetimes and rapid turnover.

Favour smaller and lighter cars. These changes in supply and consumer preferences are especially
relevant for carsharing.

Decrease the ratio of service kilometres driven per kilometre of revenue travel. For ridesourcing
services, this would entail reducing deadheading kilometres driven per passenger ride. For shared
micromobility services, this would entail operational improvements that reduce travel for
repositioning and charging services.

Integrate new mobility services with public transport so they displace trips that would otherwise
occur by car (including trips that would have been made exclusively by unshared ridesourcing).

The following sections draw from these insights to identify policy interventions that can help mitigate the
environmental (in particular energy and climate) impacts of new mobility, taking into account the
importance to conjugate these goals with the sustainability of economic and social systems to build
resilient societies (Gurria, 2020).

The structure of the discussion that follows involves two main parts.

The first considers the need for accurate information with regards to all life-cycle components to
guide policy action by public authorities (where required) and the opportunity for new mobility
operators to increase credibility and build consensus on the genuine benefits that new mobility
options can offer (and under which circumstances). It elaborates on policies allowing to monitor
the characteristics and environmental performance of vehicles and vehicle fleets, focusing on
solutions that can improve data quality and enable greater transparency in new mobility.

The second reviews key regulatory, economic and voluntary measures that can incentivise better
life-cycle performance in terms of energy use and GHG emission impacts. Starting from
considerations on measures with a general nature (i.e. not applied to specific services), it looks
at situations where there is scope for targeted action on new mobility. To do so, it takes into
account the presence of high impacts and the relevance of vehicles with elevated levels of lifetime
vehicle travel as key discriminants for targeted interventions, combining it with other
considerations on different types of new mobility services. The discussion is structured in three
sub-sections. The first focuses on measures that seek to minimise life-cycle energy and GHG

GOOD TO GO? ASSESSING THE ENVIRONMENTAL PERFORMANCE OF NEW MOBILITY © OECD/ITF 2020 49



ENSURING THAT NEW MOBILITY IMPROVES ENERGY AND CLIMATE OUTCOMES

emissions per vkm. The second covers measures seeking to incentivise higher vehicle occupancy
rates. The third looks at measures to better co-ordinate new mobility with public transport.

Policies to improve data quality and enable greater transparency

Public authorities must be properly informed in order to guide policy action, where required. To reduce
the overall environmental burden of vehicle travel, they must monitor the characteristics and
environmental performance of vehicles and vehicle fleets. The analysis developed in the present report
confirms that this evaluation should be based on broad and transparent LCA methodologies.

This information may be used, as it is in other domains, to set conditional market entry requirements, to
incentivise better performance or to penalise adverse performance. More broadly, greater transparency
with regards to full life-cycle impacts would also allow new mobility operators to increase credibility and
build consensus on under which circumstances new mobility options deliver societal benefits.

Which data and information to gather

There are several ways to gather energy use and GHG emission profiles of new mobility services. First, it is
important to understand if existing reporting requirements can provide useful information to identify if
and when additional, sector-specific reporting makes sense. New reporting requirements that are put into
place should also differentiate between aggregate benchmarking data and operator-specific data that may
reveal commercially sensitive information or impact the privacy of drivers or travellers. The former should
be used to report on overall performance and the latter used internally by public authorities for audit and
enforcement purposes in accordance with specific safeguards.

Energy use and GHG emission reporting frameworks can be broken down into three broad categories.

First is the reporting framework for vehicle-specific or fleet average fuel economy and GHG emission
profiles for cars and vans, already in place in many countries and regions: this reporting framework can be
extended to ridesourcing vehicles and to operational support vehicles for micromobility.

Second are reporting elements that generally do not exist for all vehicles but, if required for new mobility
options (essentially ridesourcing), would enable authorities to better monitor the energy use and GHG
emission impacts of new mobility services. The most relevant among these is vehicle occupancy per
revenue kilometre of travel. However, the question of fairness and proportionality arises: is it just to
require ridesourcing and public transport operators to report such information when self-owned cars face
no such obligation?

Third, reporting frameworks relating to new mobility operations, since they are unlikely to exist already:
Some cities, like San Francisco®, are starting to require these. Reporting frameworks on operational
parameters are viable options where they have potential to guide proportionate policy interventions.
Ideally, such frameworks should cover:

e deadheading travel shares, in order to better assess energy use and GHG emission impacts of
ridesourcing services

e information on average vehicle lifetime, the ratio of service vehicle travel per unit of revenue
travels and the energy and GHG intensity of service vehicles, to assess the life cycle impacts of
shared micromobility.
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How to gather missing data and information

Public authorities need data in order to make informed decisions on the deployment of services most
aligned with public policy objectives. Today, access to information relating to the energy and GHG emission
performance of new mobility services is often dependent on voluntary disclosure of information. To
minimise regulatory burden, mechanisms should be put in place that allow for the use of existing reporting
frameworks to gather the necessary data and information, to the extent possible. Additional requirements
should only be introduced for information that is not already available.

Mechanisms currently exist for reporting information that will be used for monitoring the performance of
new mobility services. Those mechanisms include: 1) direct reporting; and 2) the reliance on a trusted
third-party or a shared-data platform.

Direct reporting of data to a regulatory agency is not uncommon and could certainly serve as a model. This
approach requires that regulatory authorities have sufficient capacity to process the data and put in place
the appropriate safeguards to prevent the misuse of this data or its accidental or malicious release.

Requiring operators to report performance data to a trusted third-party or shared-data platform addresses
the issue of capacity limitations for data processing, but still requires the appropriate safeguards and
verifications necessary in direct reporting.

In both cases, regulators should be able to audit the data they receive to verify its accuracy. The latter can
be strengthened by legislation that makes public-sector and publicly funded data accessible and reusable
more broadly, as the Freedom of Information Act does in the United States and the Open Data and Public
Sector Information Directive (2019/1024) does in Europe.

Some jurisdictions have already rolled out mandatory reporting under existing regulatory frameworks. For
example, the California Air Resources Board required the establishment of a baseline for GHG emissions
of ridesourcing vehicles per unit distance travelled by passengers (California Senate, 2018) for ridesourcing
companies operating in the state. This accompanied the approval of the Clean Miles Standard and
Incentive Program. The baseline was finalised in late 2019 (CARB, 2019). Data requirements for the state
now include the following: 1) distances completed by drivers; 2) shares taking place on zero-emission
means (including walking, biking, other modes of active transport and zero-emission vehicles); 3) an
estimation of the distance-weighted average of GHG emissions/km; and 4) accounting for the amount of
passengers-per-trip and, in cases where exact passenger head count data was not captured, for an
estimated average value. Mandatory reporting can also be integrated with licensing frameworks
developed at the local level (California Senate, 2018).

Steps should also be taken to avoid unnecessary burdens on operators. Authorities should minimise the
amount and scope of the data they request to only that which is necessary to carry out their regulatory
mandates. They should minimise administrative requirements by seeking, where possible, synergies with
other public bodies that require access to similar information.

Reporting should be made on a common basis and shared definition of terms. To align the definitions on
what is to be reported, issues would have to be resolved related to a number of unique features of new
mobility services. These include adjusting double counting of vehicle distances travelled across different
platforms, offline (off-platform) travel to and from areas of activity where drivers estimate that there is a
higher likelihood of getting a ride request, or, conversely, excluding on-line (on-platform) driving for a
driver’s personal purposes and, in the case of pooled rides, incremental travel due to detours to pick up
and drop off additional passengers (Wang, 2019).
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Standardisation organisations can help establish common terms and accounting methods. For instance,
the Society of Automotive Engineers (SAE) currently leads the Mobility Data Collaborative (SAE, 2019),
which addresses micromobility terms. Were this or other such initiatives to expand to cover ridesourcing
services and environmental aspects of transport (moving beyond the current focus on safety aspects),
operators and authorities could improve the efficiency of reporting and monitoring efforts.

More broadly, requirements for reporting performance characteristics must recognise that the object of
reporting —new mobility services and the vehicles they use — are diverse, rapidly iterating and changeable.
Reporting and monitoring efforts should be adaptable to the diversity and dynamism in business models
and vehicle types.

Regulatory, economic and voluntary measures

Improving energy and climate outcomes of new mobility requires a policy framework that acknowledges
the growing interest of governments and businesses to develop strategies that bring together
environmental policy priorities and economic growth. The recently announced European Green Deal is the
most iconic representation of this.

Policies that support the deployment of clean mobility technologies are crucial in this respect. This is
especially so where they can have significant effects on energy and resource savings: net reductions in
costs and increased economic productivity (due to increased energy efficiency), greater resilience (from
energy diversification) and a stimulus for growth through innovation.

E-mobility is especially relevant in the discussion, given the central role of transport vehicles for the scale-
up of battery manufacturing. Scale increases and technology developments have the capacity of setting in
motion a self-reinforcing virtuous cycle: they enlarge the scope of economic viability of batteries for
transport vehicles (and beyond) for a broader range of usage profiles, thereby further facilitating scale
increases and cost reductions and, as a result, an even broader scope for large-scale adoption.

National, sub- and supra-national governments have been and are increasingly using regulatory
instruments (briefly reviewed in Box 3) and economic incentives to encourage a shift to clean mobility
options in transport. A particular example of this is differentiated taxes (including feebates and
bonus/malus schemes pegged to vehicle performance in terms of life-cycle energy use and GHG emissions
per vkm, as well as pollutant emissions). Such taxes can be used to stimulate the adoption of energy-
efficient and environmentally friendly vehicles by imposing penalties on the registrations of vehicles with
poor performance and providing competitive advantages for vehicles with the best performances.3?

Box 3. Regulatory incentives for better environmental
performances of transport vehicles and fuels

Due to the historical predominance of internal combustion engines (ICE) and petroleum-based fuels (i.e.
technologies that have similar characteristics in terms of energy requirements and GHG emission for
vehicle manufacturing and fuel production), regulatory developments to date focused on tank-to-wheel
energy use per kilometre or gram of CO; per vkm.

The first regulations on the energy efficiency of vehicles were enacted in the 1970s in the United States,
with the development of the Corporate Average Fuel Economy (CAFE) standards. These were last updated
in 2019 and 2020, with the finalisation of the Safer Affordable Fuel Efficient (SAFE) rule setting tank-to-
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wheel GHG emission limits for new vehicles sold between 2021 and 2026 (EPA, 2019, 2020).** Similar
regulations are currently in place in all major car markets, including Canada, China, the European Union,
India, Japan, Korea and Mexico (IEA, 2020b; IEA, 2019).

In recent years, these regulations have increasingly been accompanied by low- and zero-emission vehicle
mandates (i.e. minimum thresholds in terms of market shares) and/or other regulatory mechanisms (e.g.
targeted multipliers) providing incentives for the deployment of low- and zero-emission vehicle. Mandates
are applied in the provinces of Québec and British Columbia in Canada (Banks, 2020); China; and ten states
in the United States, including California (which initiated the application of the policy), Connecticut, Maine,
Maryland, Massachusetts, New Jersey, New York, Oregon, Rhode Island, and Vermont (C2ES, 2019).
Incentive mechanisms are integrated in the New Energy Vehicle mandates in China and in the European
regulations on g CO2/km of cars, van and heavy duty vehicles (IEA, 2020b; ICCT, 2019a).

The emergence of technologies allowing a greater diversification of transport fuels, such as plug-in hybrids,
battery electric and fuel cell electric vehicles, is increasing the relevance of the use of life-cycle approaches
to guide these policy instruments. For this reason, regulations on energy efficiency and GHG emissions per
vkm have been recently accompanied by regulations related to the carbon intensity of the production of
energy vectors (i.e. well-to-tank energy and GHG emissions). Key examples of these measures are Low
Carbon Fuel Standards (LCFS) and Renewable Fuel Standards (RFS) in North America and the Fuel Quality
Directive (FQD) and the Renewable Energy Directives (RED, | and Il) in Europe.

Maximum regulatory requirements on the energy and GHG emissions resulting from vehicle
manufacturing (i.e. on the energy and carbon embedded in vehicles) have not yet been the subject of
policy action. However, the development of electric vehicles3* has recently sparked a growing interest in
the regulatory frameworks for energy and GHG emissions resulting from vehicle manufacturing.

Local authorities have also taken proactive steps to contribute to the development of clean mobility. Key
drivers that spurred this development include: 1) the reduction of energy use and GHG emission impacts;
2) the desire to foster industrial development and enhance economic productivity, 3) the need to abate
local air pollution to reduce health impacts, 4) the importance to manage traffic congestion (allowing time
and energy savings, and facilitating economic development); and 5) the relevance of an equitable urban
space allocation for different modes of transport to improve the liveability of cities. In this context, many
cities — predominantly in Europe — have established low, ultra-low or zero-emission zones and hybrid
approaches that combine the regulatory instrument of urban vehicle access restrictions (UVARs) with
economic measures, such as congestion and urban access charges, differentiating them for vehicles
meeting specific energy-efficiency, pollutant and GHG emission/vkm thresholds.3®

To meet green growth objectives, national, supra-national and local administrations are also developing
public procurement programmes that privilege or require minimum thresholds for the adoption of low-
and zero-emission vehicles in public fleets. These measures have been complemented by a number of
voluntary actions by forward-looking businesses committed to accelerating the transition to clean mobility
in their own fleets and logistical operations. Key examples include the EV100 and RE100 initiatives of The
Climate Group, intended to accelerate the transition to electric vehicles (EVs) and the scale-up of
renewable power (The Climate Group, 2020a, 2020b).

The importance of ensuring fair and proportionate measures
The LCA analysis in this report confirms the importance of using the life-cycle approach to develop policies

capable of managing energy and GHG emission impacts of transport. But the analysis also indicates that
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some of the life cycle energy use and GHG emission impacts of urban mobility are specific to new mobility
services. Key examples are the operational impacts of providing shared micromobility and the
deadheading travel associated with ridesourcing. Other impacts — such as those linked to vehicle
technologies and energy vectors or with low-vehicle load factors — are also found elsewhere within the
urban mobility ecosystem.

Both general and specific policy responses will be needed to integrate new mobility services in policy
frameworks that manage the environmental performances of transport while also accounting for other
objectives related to industrial development, innovation and enhanced economic productivity. Achieving
the right balance will be important to ensure that the clear benefits of these services are retained while
their potential impacts are managed.3® Policy interventions generally should conform to the objectives of
the OECD Guiding Principles for Regulatory Quality (OECD, 2005), which serve as a durable and guiding
framework for ensuring that balance. They state that good interventions should:

e serve clearly identified and motivated policy goals, and be effective in achieving them
e have a sound legal and empirical basis

e produce benefits that justify costs, considering the distribution of effects across society and
taking economic, environmental and social effects into account

e minimise costs and market distortions

e promote innovation through market incentives and goal-based approaches
e beclear, simple, and practical for users

e be consistent with other regulations and policies

e be compatible as far as possible with competition, trade and investment-facilitating principles at
domestic and international levels.

Measures to minimise life-cycle energy and greenhouse gas emissions per vkm

The principles outlined in the previous section form the basis of sound policy developments in the case of
new mobility services such that final societal outcomes are maximised.?’ They also serve to frame the
rollout of policy interventions moving from the more general application of rules (i.e. cross-sectoral and
cross-mode) to, where it is justified, the use of measures specifically targeting new mobility services.

Ridesourcing and carsharing

Vehicles with elevated levels of lifetime travel (a characteristic of vehicles used for ridesourcing, taxi
services, private-hire vehicle services and public transport) deserve special attention in the development
of targeted measures aiming to minimise life-cycle energy and GHG emissions per vkm. The main reasons
for this are that: 1) they account for a disproportionately high share of energy and GHG impacts (as
compared to the average vehicle); and 2) as reductions in energy use and GHG emissions are likely to have
the greatest net economic savings for vehicles travelling a lot (due to the higher share of energy costs),
the limited adoption of energy-and GHG-saving technologies for vehicles with high lifetime mileage reflects
market failure.® Unsurprisingly, public procurement programmes target clean vehicles for high-mileage
public transport vehicles like urban buses.

The high energy and GHG emission impacts per pkm of taxis and ridesharing, combined with the relevance
of fuel costs as an element impacting driver earnings®, make taxis and vehicles used intensively for
ridesourcing or carsharing a reasonable target for specific measures aiming to improve their energy
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efficiency and mitigate their environmental impacts. Covid-19 and ensuing mitigation measures will impact
a number of factors that will condition these types of policies. These include near-term impacts such as
the reduction of oil prices following the worldwide introduction of mobility restrictions (aggravated by a
supply shock) and the likely increasing constraints for drivers and fleet owners to borrow capital. They also
include longer-term considerations, such as:

e the progressive increase of oil prices as the global economy recovers, even if they could remain
lower than before the pandemic, at least in the medium term (Tagliapietra, 2020)

e the importance of the development of stimulus packages that support sectors affected by
Covid-19 (including new mobility) in a way that contributes to a low carbon economy while
integrating environmental and equity considerations (Gurria, 2020; IEA, 2020c)

e the long-lasting benefits of energy efficiency improvements coming with net savings over the
vehicle lifetime due to the resulting increase in economic productivity+, focusing even more the
need to prioritise clean mobility for vehicles with elevated lifetime mileages.

In the case of ridesourcing fleets, policies aiming to increase the ambition of energy and/or GHG emissions
reductions also need to take into account of a number of specific characteristics.« The first is the uneven
distribution of vehicles with elevated levels of lifetime travel. This is due to the diverse nature of drivers
contributing to the service (Box 4). For non-professional drivers, the economic case for purchasing or
leasing a low- or zero-emission vehicle is lower (and closer to conventional drivers of private cars) since
they do not travel as much as fulltime drivers and they do so on their own vehicles (and thus the provision
of ridesourcing services is not the only, nor even the principal, factor in its acquisition).

Box 4. Driver profiles in the case of ridesourcing and market size of highly used ridesourcing vehicles

Large shares of all ridesourcing vehicle kilometres are carried out by a small core group of full- or near full-
time drivers, even in regulatory contexts where non-professional drivers are allowed to use their existing
personal vehicles to provide ridesourcing services (i.e. in contexts that facilitate the provision of
ridesourcing services by part-time drivers, a core feature of many ridesourcing business models, allowing
the supply of drivers to rapidly scale in response to demand).

Estimates for the United States indicate that ridesourcing drivers work, on average, 17 hours a week, that
approximately 20% of all drivers are full time (suggesting that part time drivers work, on average, less than
one day per week) and that full time drivers also account for about half of all trips (Mishel, 2018).

One estimate of global the current ridesourcing fleet points to 18 million vehicles in operation worldwide
in 2020 (Briggs, 2018). Assuming that approximately 20% of the total ridesourcing fleet would be used full
time, approximately 3.6 million of these could be considered vehicles with high lifetime mileage that would
be likely candidates for the adoption of energy-saving technologies. This represents a potential market of
1.4% of the global car fleet (Briggs, 2018).

Driver turnover is also high and drivers tend to leave ridesourcing platforms after a short period of time —
on average after three months in the United States (IGAS and CGEDD, 2018; Mishel, 2018). Other
specificities of the ridesourcing market relate to vehicle age (given that some local authorities place age
restrictions on vehicles operating ridesourcing services)* and size (since ridesourcing vehicles may also be
subject to minimum vehicle length and/or power).
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For vehicles providing ridesourcing services, one pathway to consider when taking these characteristics
into account is the replacement of maximum vehicle age limits by maximum energy use, GHG and pollutant
emission limits. This makes sense especially where overall activity levels pose specific and elevated risks,
such as those linked to air pollution in dense urban cores.

A stronger option is the adoption of regulatory requirements aiming to modulate energy efficiency and
GHG emissions. This can be paired with targeted mandates on low- and zero-emission vehicles (the first
fuelled by low-emission fuels) and eventually complemented by targeted economic incentives. A key
example in this respect is a case of London, which announced in 2016 the requirement for all newly
registered taxis to be zero-emission capable as of 2018 (TfL, 2016, 2020). This move was followed shortly
afterwards by a voluntary commitment from Uber to aim for every car on the app in the capital to be fully
electricin 2025 (Mayor of London, 2019; Uber, 2018). This is part of a comprehensive scheme that includes
mandatory age limits for taxis, incentives for the early retirement of vehicles, investments for the
deployment of publicly accessible electric vehicle chargers and the possibility to express preferences on
their location, financial support for the installation of home chargers and discounted charging rates (LEVC,
n.d.; TfL, 2020). A second important example is the California Clean Miles Standard and Incentive Program.
The programme requires the establishment of annual targets and goals for ridesourcing by 2021 — to be
effective in 2023 — to reduce greenhouse gases per passenger-mile driven by ridesourcing (California
Senate, 2018).

Given the characteristics of ridesourcing business models, regulatory requirements on energy efficiency
and GHG emissions and/or low- or zero-emission vehicle mandates are best conceived when they target
vehicles with high lifetime travel. Energy and GHG emission performances of other vehicles can be
addressed in the broader context of regulations on fuel economy or GHG emission per vkm applied to new
vehicle registrations. Again, California’s Clean Miles Standard is an interesting example. It uses a
compliance metric based on annual energy or GHG emissions per vehicle km and zero-emission km
travelled, taking into account the average travel-distance-weighted performance of ridesourcing services,
in order to account for the uneven distribution of high- versus low-distance drivers so not to impose undue
constraints on occasional drivers (CARB, 2020).

To meet these standards, operators will need: 1) a diversity of usage profiles for independent drivers
operating on ridesourcing platforms**; and 2) a method of incentivising their drivers to purchase or lease
vehicles that meet the mandated standards. Financial support, assistance and discounts (e.g. bulk orders)
could help ridesourcing drivers meet these requirements, as could timely information regarding payback
periods for more energy-efficient vehicles at the time of purchase or lease. The future of the
employment/independent contractor relationship between drivers and platforms may also have an
incidence on how the use of lower-energy and GHG emission vehicles may be incentivised or required.

Uber’s voluntary commitment in London is an example of how platform-based incentives may contribute
to better outcomes. Uber established a fund intended to help drivers to upgrade to an electric vehicle and
financed it with a clean air fee of roughly USD 0.1/km (Uber, 2018). Public authorities can also provide
complementary (or alternative) support. However, as the economic rationale for this is weaker for high-
mileage vehicles than for privately owned cars (given the larger relevance of operational savings that occur
on highly utilised vehicles), incentivised registration fee structures for ride service and operational support
vehicles makes little sense beyond those imposed on the general vehicle population.®

Applying dedicated ridesourcing-fleet-specific regulations on energy use or GHG emissions per km, or low-
or zero-emission vehicle mandates when these do not exist for the broader vehicle population, is more
challenging. This is not only because such a decision should be shown to be fair and proportionate to the
impacts that it imposes (something that may be justified by the disproportionate amount of travel, in case
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of highly utilised vehicles), but also because it should be practically feasible. In particular, this requires that
the supply of low- and zero-emission capable vehicles be sufficiently vast and diverse, which is less likely
where demand for these vehicles is not sufficiently strong.

Finally, urban vehicle access restrictions (UVARs) and road or access charges also have an incidence on the
energy and GHG emission profiles of new mobility services, especially in cases where they target dense
urban cores where a disproportionate number of ridesourcing and carsharing travel takes place.

Given the urban nature of new mobility services like ridesourcing and carsharing, their simple inclusion in
the scope of application of these policy instruments is bound to contribute to an accelerated transition
towards cleaner technologies without requiring targeted action.* However, their effects are different for
ridesourcing in the way they impact high-volume rather than low-mileage drivers who wish to operate
throughout the urban area.

Binary UVARs (e.g. vehicle access permitted/not permitted) have a strong impact on fleet composition.
They incentivise drivers who wish to service lucrative trips in restricted zones and carsharing providers that
want to serve these same zones to invest in vehicles that meet UVAR requirements. This is also relevant
for ridesourcing drivers who are based (or typically operate) outside these zones. Cordon-based urban
access charges that are differentiated by vehicle energy or GHG emission performance also result in similar
incentives for drivers and carsharing schemes to invest in energy-efficient technologies. For ridesourcing,
both impact not only high-volume drivers but also occasional and low-mileage drivers.

Charges based on travel distance and differentiated by energy and GHG emission performance may more
effectively incentivise high-mileage drivers and carsharing schemes operating in the urban core to switch
to more fuel efficient vehicles, as their higher mileage in the areas subject to these charges exposes these
drivers and carsharing vehicles to proportionally higher costs if they do not switch.

Micromobility

Shared micromobility fleets are largely dominated by electric vehicles. As a result, their life-cycle and GHG
emission impacts are due mostly to the vehicle and operational services component and much less to the
fuel component of the LCA framework set out in this report. This is ultimately what leads to net benefits
or penalties that occur in comparison with the alternative forms of transport that they replace.

To address life-cycle energy efficiency and GHG emissions for micromobility, policymakers should,
therefore, primarily target the vehicle and operational services components of the LCA framework. This
report highlights that proactive actions to extend lifetime mileage and minimise energy use and GHG
emissions from operational services leads to LCA impacts of shared micromobility that are comparable in
magnitude to those of bus travel on a per-passenger kilometre basis. However, they lead to more than
twice that of non-shared micromobility, thus leaving scope for improvement. A common accounting
framework and agreement on environmental performance standards would help in this respect.

For micromobility, technical requirements related largely to safety performance have been established in
a number of European countries. However, no common European standard exists for safety performance
(or environmental performance), with the exception of a very broad consumer product safety rule. In
North America, SAE is developing a standard for vehicle classification and safety (SAE, 2019), but not yet
for environmental performance.

The development of standardised methodologies for the evaluation of life-cycle emissions of shared
micromobility is especially important since most of the energy- and GHG emission-related impacts are not
imputable to vehicle use. Given the importance of energy use and GHG emissions due to vehicle
manufacturing and operational services, performance requirements and incentives are also well suited for
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more specific parameters, beginning with lifetime mileages and the ratio between energy use and GHG
emissions from service km and active km of micromobility vehicles.

A typical e-scooter or e-bicycle is made up of hundreds of individual parts. Their individual components
are subject to different rates of wear, and age accordingly. The major component groups include the
chassis/frame (including steerage), the wheels, embarked electronics and the battery for electric vehicles.
Even if there is a natural pressure on shared micromobility operators to deploy vehicle models that
maximise lifetimes with respect to technology costs, not all operators chose to deploy the same
technology. Depending on individual firms’ business strategies and supplier networks, some may favour
more durable and more expensive vehicles whereas others may deploy less expensive, shorter-lived and
more rapidly updated models.

The accounting methodologies developed in international standards for the life cycle assessment of energy
use and emissions occurring during vehicle manufacturing need to be flexible enough to ensure proper
accounting for different technical arrangements, but also capable of guaranteeing reliable indications. For
example, standards or technical requirements targeting minimum lifetimes and durability should account
for modular constructions and be designed in such a way as to favour the switching of these as needed to
extend overall usage of the vehicle.

These methodologies are important prerequisites for developing minimum performance standards. The
standards may target vehicle lifetime mileages to promote the use of anti-tampering features. Such
features could help improve environmental performance by amortising the environmental impact of
vehicle production over longer vehicle lifetimes and encouraging the development of strategies aimed at
achieving higher per-vehicle travel volumes. Incentivising best practices in addition or as an alternative to
minimum performance requirements may allow operators to be rewarded for taking early or significant
action.

Operational services are the second-largest contributor to life cycle energy consumption and GHG
emissions from a major micromobility mode like shared e-scooters. Agreed, standardised methodologies
for the assessment of the energy use and GHG emissions from operational services could help minimise
these life cycle impacts. Key parameters requiring accurate monitoring and verification include the amount
of micromobility vehicles serviced by each service vehicles, distances covered by service vehicles, energy
and GHG emissions per km, the number of micromobility vehicles serviced per trip, the frequency of
servicing events and the travel completed by micromobility vehicles between servicing events.

Additional regulatory requirements imposed on micromobility operators also need to be developed,
balancing the benefits that the micromobility services deliver with the energy- and environment-related
implications they have. This is especially important for some of the existing local regulations for
micromobility. In particular, mandatory daily scooter pick-ups or service-level obligations requiring very
short (e.g. two-hour) response times for repositioning scooters can significantly increase the overall energy
and GHG emissions for the fleet since they can lead to higher ratios of operational service km per active
km of the micromobility vehicles.

The pathway for incentivising better energy and GHG emission performance for micromobility vehicles is
not as straightforward as for cars and vans used for ridesourcing services. Part of the reason is that the
absolute energy and GHG emission impacts are roughly on par with public transport and impacts depend
on which trips are replaced by shared micromobility (e.g. car trips vs. walking trips) and the number of new
trips that are generated by the availability of these services. Broad national legislation is unlikely to be a
viable option, as it is for car-based services, because net energy and GHG impacts differ according to
location. Municipal or regional authorities also in charge of road space allocation may, therefore, be better
placed to require or incentivise improvements in energy and GHG emission performance from the shared
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micromobility fleets to which they grant licences or permits. On the other hand, the value of regulatory
harmonisation is widely recognised in industry. It saves costs to the operators, which are no longer
required to tailor specific vehicle and operational models to small, local markets. The combination of
common requirements, regulations and standards at national and supra-national levels, complemented
by a co-ordinated approach from different local administrations could be an effective solution to ensure
that both public policy and private business goals are satisfied.

Docked micromobility schemes (primarily bikesharing) were established initially in partnership with
municipal or regional governments, which often provided substantial subsidies. Since, private entities have
introduced dockless schemes without direct public subsidy, taking advantage of an initially permissive
regulatory environment. Cities in both the United States and Europe have rolled back from this approach
and are in the process of implementing regulatory frameworks of variable stringency. Some of these set
out market entry rules, others create operation licenses and, in some instances, authorities are putting in
place concession-based frameworks limiting the market to one or several operators.

Market entry rules and licences allow authorities to set minimum technical and operating standards, and
link market access to operators meeting and maintaining these standards. Concession-based market entry
frameworks build on specific contractual arrangements that must be maintained under the threat of
penalties or exclusion. Experience with concession-based models is recent and it is too early to assess their
performance or identify potential lessons (ITF, 2019).

All of the above frameworks conceptually allow public authorities to set technical or operational standards.
However, the concession-based model is perhaps more interesting in that it creates a flexible framework
allowing authorities to set baseline performance and incentivise best-practice. Concessions can also
specify minimum energy and GHG emission performance objectives or requirements for the micromobility
operator (including requirements on energy and GHG emission impacts from the vehicle LCA component
and operational services) and link performance above baseline thresholds to the provision of a public
subsidy.

An additional option available to stimulate micromobility operators to deploy vehicle models that
maximise lifetimes is to set minimum thresholds on vehicle life and use. These incentivise operators to
deploy vehicle models that maximise lifetimes and can be developed in ways that integrate different
flexibility mechanisms — for example, by targeting fleet averages with a single performance indicator
(lifetime mileage). They may be integrated into contractual arrangements incorporating performance
requirements and may be paired with other instruments, like with bonus/malus schemes (i.e. premiums
and/or penalties for operators exceeding or not meeting the required/targeted performances).

Here again, co-ordinated action will reap the greatest benefits. Using standardised indicators to help
define concession requirements can certainly help minimise regulatory burdens on authorities and cut
compliance costs for micromobility services and operators.

Policies aiming to increase occupancy on hew mobility services

The previous section discussed policy measures aimed at minimising life-cycle energy and GHG emissions
per vkm. A second area of policy intervention targets higher occupancy levels for new mobility services
since these deliver better energy efficiency and environmental performance for the same service
(passenger movements in cities, i.e. pkm). Contrary to the former type of measure, which acts via vehicle
replacement, policies aiming to increase occupancy on new mobility services have the important
advantage of having an immediate impact, applying directly across the existing vehicle fleet.
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Since micromobility is specifically designed for single-rider trips (in most cases) it has limited scope to
increase occupancy. As such, measures related to higher occupancy are especially relevant for ridesourcing
and, for coherence, can also apply to taxis and other private-hire vehicles (ITF, 2019).

Differentiated levies on ridesourcing

Levies on ridesourcing have been collected in various cities in Brazil, Canada, Mexico and the United States
as a flat fee per ride or a percentage of the trip price. The intention is that at least part of the revenue goes
towards funding the urban transport system. ITF (2019) reports on research backing these levies. It
suggests that the development of ridesourcing has led to declines in public transport ridership in US cities.
It also suggests that levies may be used to address the negative social and economic impacts of the
disruption to the taxi industry.

In order to incentivise higher ridership, these levies could be differentiated based on vehicle occupancy
(lower levies for pooled rides, higher for single-occupancy rides) and could also be part of a broader
scheme that would provide subsides for high-occupancy rides. This scheme could be designed as budget-
neutral or revenue-generating. The app-based nature of ridesourcing would likely make such designs
feasible. On the other hand, it seems that pooled services have not gained much widespread public
acceptance and uptake, so there may be natural limits to pooling, especially in cars. This is especially the
case in light of the real and perceived risks linked to crowding due to the Covid-19 pandemic. These limits
may matter less for pooled rides in larger vehicles such as minibuses or vans but such services are typically
different in nature than car-based ridesourcing, providing pop-up routes instead of door-to-door service.

Even if levies applied to ridesourcing could narrow the ridership gap with private cars, charges targeting
only ridesourcing have been less effective and more prone to disproportionately hampering the benefits
of ridesourcing than charges that are applied more broadly (or even generally), including the ridership of
other transport options as well, even private cars).*” One way to avoid disproportionate interventions for
occupancy-based levies for ridesourcing could be to calibrate the levies in a way that fills the occupancy
gap between ridesourcing services (where deadheading has a detrimental effect to the pkm/vkm ratio)
and movements taking place in private cars (taking into account their average loads).

Minimum occupancy incentives and standards

Differentiated levies could be part of a more complex policy framework consisting of minimum occupancy
incentives. One way to incentivise high-occupancy is to ensure that driver remuneration rules, if they are
implemented, are explicitly designed to favour higher vehicle occupancy. This is the case of the Driver
Income Rule adopted in New York City, also bound to help reduce the energy and GHG impacts of
ridesourcing, and not only because it incentivises increased occupancy (see Box 5).

Box 5. Implications labour policies on ridesourcing for its energy and environmental impacts

The Driver Income Rule is the first attempt to regulate the incomes of ridesourcing drivers. It has recently
been adopted in New York City (New York Taxi and Limousine Commission, 2018) and took effect in
February 2019. It sets a minimum per-trip payment to drivers, based on a formula that includes time and
distance elements, modified by a utilisation rate. This is a parameter that takes into account: 1) the
ridesourcing km with one or multiple passengers on board; and 2) the overall ridesourcing km (Parrott and
Reich, 2018).

This formula will be determined for each ridesourcing company and creates an inverse relationship
between the minimum per-trip driver payment and the utilisation rate, making it more expensive for
ridesourcing companies to rely on occasional or part-time drivers. The rule also creates incentives for
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ridesourcing companies to increase utilisation rates, thus reducing the impact of ridesourcing vehicles on
congestion, while at the same time ensuring that average driver incomes are constant, regardless of actual
utilisation rates (ITF, 2019).

The effects of the Driver Income Rule for energy and environmental impacts are positive, for two reasons:

e First, the rule provides incentives for ridesourcing companies to reduce the share of deadheading
travel and, therefore, increase the average occupancy of vehicles.

e Second, the cost structure promotes the adoption of energy efficient vehicles. This happens
because the Rule provides economic incentives for ridesourcing providers to rely on drivers using
ridesourcing vehicles for extensive periods of time (and, therefore, on vehicles with elevated
lifetime mileage).

Minimum occupancy standards could also help increase the occupancy of ridesourcing trips while still
allowing for different contributions from different trips. For example, trips with a single rider and long
deadheading distances could be compensated by pooled services with low deadheading distances. They
could be designed as flexible policy instruments, setting average requirements for the overall ridesourcing
operations using trip distance shares (including deadheading) as the weighting parameter and occupancy
rates as the regulated parameter. Differentiated levies based on occupancy could be roughly analogous
for occupancy as low carbon fuel standards are for incentivising lower carbon fuel mixes.*®

Minimum occupancy standards (eventually paired with economic incentives) offer significant theoretical
advantages in terms of flexibility (in terms of compliance, degree of policy ambition and budgetary
implications). However, they also face a number of theoretical and practical challenges. The first set of
challenges is that, even if there are signs that occupancy is lower in shared services like ridesourcing and
taxis, low vehicle occupancy is a widespread and durable feature of private car travel. The second set of
challenges relates to implementation. Setting up occupancy standards requires monitoring and reporting.
This is likely to be best addressed with the buy-in of the stakeholders involved.

Such measures should account for the specificities and flexibility of ridesourcing operators to deploy novel
solutions. For instance, several operators provide a mix of services on their platforms, notably mixing
shared micromobility and ridesourcing services. Many operators incentivise or make it easy for users to
make short trips on shared micromobility so as to free ridesourcing capacity for more remunerative trips.

It is important to note that occupancy factors may have limits both in ridesourcing and public transport.
The extent to which these services can scale depends significantly on consumer acceptance — which may
be distributed unevenly among the different demographic groups and by location. Customer acceptance
may also be impacted by external events, like a perceived lack of safety linked to crime or communicable
diseases, as in the case of the Covid-19 pandemic).*

There may be an effective way to respond to the limited acceptance of sharing traditional cars for pooled
services while raising occupancy to improve energy and environmental performances of ridesourcing: it
requires rethinking vehicle design for ridesourcing services along the lines of larger-capacity vans and
minibuses. Such vehicles exist already and currently provide pop-up routes that allow for lower
deadheading distances and higher occupancies than conventional ridesourcing services (see Box 6). The
International Transport Forum has issued a series of reports on shared mobility that further investigate 8-
and 16-seater taxi-buses that provide such services (ITF, n.d.). While these types of services provide less
flexibility and higher response times than traditional car-based ridesourcing, their integration in the offer
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of ridesourcing platforms may provide some of the consumer benefits of ridesourcing at a lower energy
and GHG emission impact.

Box 6. Life cycle GHG emissions/pkm from ridesourcing services operated by vans and minibuses

Figure 16 illustrates that when ridesourcing is operated as on-demand shuttle services with lower
deadheading distances and higher occupancies its life cycle GHG emissions per pkm are close to the ranges
observed for public transport. They are even lower for shared minibuses. They are, therefore, significantly
lower not only than the GHG impact per pkm of ridesourcing operated by passenger (as per the central
estimate in Figure 2), but also than private cars using ICEs.

Figure 16. Life-cycle GHG emission impact of ridesourcing services operated by vans and minibuses
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Note: For vans, these results are based on a utilisation rate of 70%, very close to the value reported by Parrott
and Reich (2018) for Via in New York City. Combined with the travel needed to transfer the vans between the area
of operation (downtown) and the depots — assumed to be the same as for buses - the total share of operational
km in the total of all vehicle travel becomes 37.5%. Van capacity is assumed to be eight seats, with an average
occupancy of 4.5 people (Via, 2020). Lifetime mileage is 400 000 km. For shared minibuses, these estimates are
based on the same deadheading share of operational km in the total of all vehicle travel and lifetime mileage. The
average capacity of a shared minibus is assumed to be 20 people (informed by Zeelo, 2020) and average
occupancy is ten (resulting from a weighted average of the capacity factor of vans and buses).

ITF analysis is based on an assessment tool developed for this project and available at https://www.itf-oecd.org/
good-to-go-environmental-performance-new-mobility. See Annex A for methodological details and data sources.

Another response that public authorities could adopt is setting differential curb access rules for pick-up
and drop-off (PUDO) based on occupancy factors much as they do for roads when implementing high-
occupancy vehicle (HOV) lanes. This approach recognises that public space is a valuable and constrained
resource, especially in urban cores. Public authorities can establish a framework for curb access such that
vehicles with high occupancy (e.g. buses, pooled minibuses and vans) have direct preferential access to
high-volume destinations and curbside PUDO zones. This includes major streets, public transport nodes,
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essential services and educational facilities, and popular shopping areas. Low-occupancy ridesourcing
vehicles and taxis would be incentivised (in the case of PUDO fees) or required to use PUDO zones slightly
further away from these crowded areas (with the exception of those transporting passengers with mobility
impairments). This measure requires, of course, a comprehensive curb management policy and effective
monitoring — something few cities have yet in place.

Policies for better integration of new mobility services in public transport

A factor that cannot be captured by LCA alone is how the full deployment of new mobility options, in
conjunction with facilitative policies, would impact the changes determining the structure of travel in the
longer term. It has been argued that a much broader uptake of new mobility, in a way that would lead to
a drop in the ownership and use of private cars for urban trips, would result in much more sustainable
outcomes in terms of energy use and GHG emissions. It would also contribute to beneficial outcomes in
terms of pollution, safety, noise and more balanced uses of public space.

However, available evidence shows that, in the current stage of deployment of new mobility options, new
urban transport modes are not only replacing urban car trips but also public transport trips. It is also clear
that determining whether or not a switch to new mobility delivers net improvements in energy and GHG
emissions depends on: 1) the relative performance of those new mobility services and the options they
replace; and 2) changes in the longer-term structure of the urban mobility demand.

In this context, policy interventions aiming to strengthen the passenger kilometre shares of modes with
the lowest energy use and GHG emissions/pkm (all else being equal) appear to be an appropriate way
forward. Given that both shared and owned micromobility tend to be associated with lower energy and
GHG emissions than ridesourcing, policies aiming at the better integration of micromobility with public
transport have the greatest chances of leading to net reductions in energy and GHG emission impacts.

Some of the measures that could help movement in this direction are: the application of tax rebates;
differentiated fees; or the provision of subsidies for micromobility and ridesourcing operators that deploy
and incentivise the use of their vehicles and services in areas that improve the catchment capacity of public
transport. This could be most interesting in suburban areas where there is greater scope for relative
increases in ridership due to the expansion of the catchment area around stations. Using ridesourcing or
micromobility trips as feeder services to public transport in less dense areas would putatively increase the
competitiveness of public transport with respect to car travel.

Mobility as a Service (MaaS), which provides multimodal mobility solutions that break the link between
mobility and ownership of vehicles, is another development that could offer positive contributions towards
the integration of micromobility with public transport. The potential benefits of a full-blown MaaS
framework can already be induced by bilateral co-operation between micromobility operators and public
transport authorities. One example includes the provision of data feeds by micromobility operators for
inclusion in public transport operator’s mobile apps, allowing users to see public transport information as
well as micromobility vehicle availability. Another is the public incorporation of dedicated corrals and space
to accommodate shared modes, including, for example, charging stations.

Additional policy action can also target structural interventions capable of reinforcing the integration of
new mobility services with public transport. Policies that make micromobility and intermodal public
transport trips more appealing for urban movements have the potential to kick-start a virtuous circle:
raising the rates of utilisation of both public transport and shared devices; and driving down energy use
and emissions per pkm as users shift from car travel to other modes. One way of doing this is by providing
adequate and safe road space for shared and owned micromobility, e.g. through investments in bike lanes,
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e-scooter corrals, and, more generally, reclaiming public space from private automobiles. Continuous,
comfortable, connected and safe infrastructure leads to a greater uptake of these modes beyond first-
adopters and, in the case of active modes including pedal-assisted electric bicycles, delivers clear societal
health benefits (ITF, 2013, 2018). Well-designed infrastructure strengthens public transport by extending
catchment areas and facilitating longer-distance multimodal travel. These benefits are especially relevant
in areas where public transport accessibility is lower, such as suburban areas (as opposed to central
business districts). Such infrastructure also serves as a pressure valve for crowded public transport
systems, providing people with alternative travel options at peak hours.
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Notes

1 This issue is further exacerbated by the fact that economic insurance packages for new mobility businesses are subject to a lower degree of
certitude compared with public transport, which is also often publicly subsidised. Yet, if new mobility services are disrupted, constituents are
deprived of a service they may have relied on, with inevitable consequences for the reliability of an ecosystem that is important to break up the
car dependence of urban movements.

2 Uber stated that in 2018, 24% of their ridesourcing gross bookings were realised from five metropolitan areas — Los Angeles, New York City, and
the San Francisco Bay Area in the United States; London in the United Kingdom; and Sdo Paulo in Brazil (United States Securities and Exchange
Commission, 2019). Uber stated also that it “will continue to face challenges in penetrating lower-density suburban and rural areas, where our
network is smaller and less liquid, the cost of personal vehicle ownership is lower, and personal vehicle ownership is more convenient”
(United States Securities and Exchange Commission, 2019).

3 Rides totalled 9.2 billion according to Mittal (2019) for all ridesourcing providers but Didi, in 2018. Didi’s rides were 7.5 billion in 2016 according
to Chiu (2018). This is 1.8 times more than Uber, in the same year. Applying this ratio to the Uber rides for 2018 leads to an estimate of 5.2 billion
rides for Didi in 2018. The ICCT (2019b) give a total estimate of 17.2 billion rides (based on trips per day figures) for the same year, slightly higher
than the the sum of the 9.2 and 5.2 billion rides identified here.

4 For a more extensive definition of micromobility, see (ITF, 2020b).

5 In the United States, the National Household Travel Survey indicates that about 30% of all car trips are below 3.2 km (two miles), almost 50%
below 4.8 km (three miles) and 60% below eight km (five miles) (ORNL, n.d.). This excludes walking, cycling and other modes of transport. Heineke
et al. (2019) report that passenger trips of less than eight km (five miles), which account for as much as 50% to 60% of today's total passenger
miles travelled in China, the European Union, and the United States.

6 Other players include Grow, Skip, Spin, Scoot, PopScoot, Beam, Tier Mobility, Wind Mobility, Voi Technology, Vogo, Dott, and Flash — all listed
by Ajao, (2019) as having announced large capital raises in 2018-19.

7 In 2016, Asia accounted for 58% of worldwide membership (nine million) and 43% of global fleets deployed (70 000 vehicles). Europe was
second with 29% of worldwide members (4.5 million) and 37% of vehicle fleets (60 000). North America followed with less than half of the
members (1.8 million) and cars (25 thousand) of Europe, then Australia (100 000 members and 5 000 cars) and Latin America (7 000 members
and 130 cars) (Shaheen, Cohen and Jaffee, 2018a). Europe had 3.7 million members and 47 000 cars in 2018 (Erich, 2018).

8 North America had almost three million members and 130 000 cars for peer-to-peer schemes at the beginning of 2017, according to Shaheen,
Cohen and Jaffee (2018a). Erich (2018) estimated 7.9 million members and 326 000 cars in Europe for peer-to-peer carsharing. The lower
availability of the cars in peer-to-peer schemes (where cars could be made available only occasionally, e.g. once a month or once every quarter)
justifies a higher number of vehicles per member (see Erich (2018) for Europe and Shaheen, Cohen and Jaffee (2018a) and Shaheen, Cohen and
Jaffee (2018b) for North America).

9 The term energy vector refers to a generic form of energy that can be stored and used on transport vehicles. Key examples include petroleum
products, electricity and hydrogen.

10 Despite significant progress on LCA techniques and methodologies, LCAs remain limited by the fact that they represent the reality through a
model (and the choices made to define the model, e.g. with respect to the granularity of the items embedded in a product) and cannot be
decoupled from the methods selected to define different characteristics of the system that they aim to scrutinise.

11 Key and recent examples of these LCA applications include Kelly, Dai and Wang (2019), Jungmeier et al. (2019), Emilsson and Dahlléf (2019),
Cazzola et al. (2019) [is this IEA 2019a or 2019d? Please modify as appropriate] and the reviews of Hausfather (2019) and Hall and Lutsey (2018).

12 GWPs give an indication of the contribution of the different gases to the possible global warming. They are expressed in form of an equivalent
amount of CO2 and aim to allow the measurement the impact of different gases to global warming with a single metric by introducing multiplicative
factors to GWPs give an indication of the contribution of the different gases to the possible global warming. They are expressed in form of an
equivalent amount of CO2 and aim to allow the measurement the impact of different gases to global warming with a single metric by introducing
multiplicative factors to apply to emissions of each specific gas, taking into account of the extent to which a unit of mass of emissions contributes
to global warming with respect to the same mass of CO.. According to the Intergovernmental Panel on Climate Change (IPCC), GWPs for CO,, CHa
and N0 are equal to, respectively, 1, 34 and 298 (see Table 8.7 in Stocker et al., 2013).

13 The use of average values is interesting to evaluate average impacts that have relevance over long time periods, but there may be cases
requiring to focus on indicators that are targeting more specific time periods (e.g. peak hours vs. non-peak when evaluating public transport
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systems, since occupancy rates vary). In the analysis carried out here, the focus on energy and GHG emissions is relevant mainly for long time
periods. Additionally, peak and off-peak variability is seen here as a necessary element allowing the operation of different types of transport
services, given that continuous off-peak operation (which typically comes with higher impacts) would likely limit the economic viability of the
services.

14 For example, the energy use per km of a battery-operated electric vehicle using electricity as energy vector depends on the energy efficiency
of electric motors, and it is typically significantly higher than the energy use per km of an internal combustion engine using a liquid or gaseous fuel
as energy vector.

15 As in the case of vehicle occupancy rates, network utilisation can vary at different points in time (e.g. peak vs. off-peak hours, day and night,
winter and summer). Additionally, they can also vary by location (urban centre, suburban area, rural area). For energy inputs and GHG emission
impacts, which have long-term implications, the use of average values (or the ratios of cumulative impacts and total usage parameter across the
vehicle life) is the most relevant. Regarding spatial differences, the urban focus of this work suggests that the relevant values to take into account
are once more average indicators characterising a metropolitan area, and not location-specific ones, given that the very nature of urban mobility
intends to look at movements that take place across different parts of the metropolitan area.

16 Despite differences in accounting of primary energy between nuclear energy and modern electricity renewables like solar and wind (with
greater weight given to nuclear electricity, since nuclear heat is assumed to be the primary form of energy for nuclear, while electricity itself is
assumed to be the primary form of energy for solar and wind, as in the case of hydro), the share of fossil fuels in the energy mix remained
prominent over the past decades (IEA, n.a.).

17 The California Ari Resources Board estimated that almost 11% of vehicle travel during this time overlaps between at least two companies
(CARB, 2019).

18 This value reflects average values for well-to-refinery and refinery-to-tank emissions. Well-to-refinery emissions, in particular, may be subject
to significant variations, depending on resource characteristics and extraction technologies and practices, as pointed out in Masnadi et al. (2018a),
Masnadi et al. (2018b) and Malins et al., (2014).

19 For comparison, Kelly, Dai and Wang (2019) give values of 65 kg CO2/kWh for a European-dominant supply chain and 100 kg CO2/kWh a
Chinese-dominant supply chain. They also identify the electricity mix used for aluminium smelting as a key driver of changes in the carbon intensity
of current practices of automotive battery manufacturing.

20 Note that changes in the annual mileage and lifetime alter these results. Bikes that are underutilised and/or scrapped early are subject to
increases in the amount of energy and GHG emissions per vkm and pkm due to the lower lifetime mileages implied by these practices.

21 Arecent study on e-scooters (Hollingsworth, Copeland and Johnson, 2019) points at GHG emissions per pkm that, in a central assessment, are
about 10% higher than those estimated here for the first generation of shared e-scooters, despite some differences in key assumptions. First,
there is a difference in the amount of GHG emissions due to vehicle manufacturing (200 kg CO,/vehicle in Hollingsworth, Copeland and Johnson
(2019), and 163 kg CO,/vehicle with the estimation method used here). Second, the ratio of travel of service vehicles per unit of e-scooter travel
is higher in Hollingsworth, Copeland and Johnson (2019) than the 0.13 service vkm/e-scooter km retained in the analysis developed here. The
latter is based on information from Chester (2018) and Domonoske (2019), representing established practices based on third-party service
providers, complemented by Dickey (2020) and Perch Mobility (n.d.), representing new or emerging practices and information obtained from the
authors’ personal communications with different micromobility operators. The basis for the first difference is the decision to adopt a consistent
approach across different modes used in this study, combined with the choice to rely on information derived from GREET2. The difference in the
ratio of travel of service vehicles per unit of e-scooter travel stems from the focus on a city that required night-time removal of the e-scooters,
irrespective of their state of charge, used in Hollingsworth, Copeland and Johnson (2019) and resulting in higher service vehicle travel requirements
(and higher servicing costs). This reflects a desire to focus on servicing and repositioning practices that are more closely consistent not only with
global practices (not including this specific obligation), but also with a business model that is more likely to be economically viable (an approach
that is consistent with the choices made in this analysis for all other urban transport options). Daily travel distances are also different in the central
case of Hollingsworth, Copeland and Johnson (2019), which use ten km/day/e-scooter and in this analysis, using 7.9 km/day/e-scooter to account
for partial e-scooter availability (83%) due to the need for maintenance and time losses for repositioning and charging.

22 Note that emissions due to the vehicle cycle may also be larger than estimated here, given that their smaller production scale when compared
with cars, mopeds and scooters, likely to be coupled with higher energy and GHG emission requirements for the assembly processes than those
assumed in this analysis (relying on data that refer to cars).

23 Note that high loads (pkm/vkm) are a requirement that limits the scope of effective (both economically and environmentally) use of these
modes to cases that require high capacity of passenger movements.

24 What works poorly from an economic perspective is also likely to work poorly from an environmental perspective.
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25 Smaller increments in energy and GHG emissions/pkm due to the vehicle size also take place in the vehicle component. These are larger for
BEVs and FCEVs, given the higher material intensity of these powertrains with respect to ICEs.

26 Results related to the energy balance are affected by methodological choices related to the way different forms of energy are defined. In the
case of solar, wind and hydroelectricity, the electricity itself is considered as the primary form of energy. This implies that there are no losses
upstream of the electrolysis process, which requires electricity to produce hydrogen. In the case of fossil fuels, the primary energy is the heat
generated by their combustion. This adds losses taking place in the conversion of this heat into electricity, upstream of the electrolysis process.

27 The RED Il sets an overall 14% target of renewable fuels in transport in 2030. To be eligible for financial support by public authorities and be
counted toward this target, the RED Il requires that low-carbon transport fuels produced in any installations starting operation from
1 January 2021 deliver at least 65% GHG emission savings (amongst other sustainability criteria). These requirements apply to biofuels, biogas and
bioliquids (EC, 2020b).

28 A wide range of low-carbon fuel pathways are among the options thoroughly discussed in the well-to-wheel analyses of the JEC (JEC, n.d.2).
Due to the wide spectrum of possible options and a scope that is focused on new mobility rather than alternative fuels, these are not discussed in
detail in this analysis.

29 The balance between battery electric and ICE/FCEV driving is likely to depend on a number of different factors related to costs (of batteries,
fuel cells, electricity, hydrogen, liquid fuels), the policies influencing them, the extent to which EV charging and hydrogen refuelling infrastructure
will become available, and other aspects resulting from policies, political decisions (e.g. deliberate oil production cuts and/or increases) and market
developments (e.g. related with the balance between oil supply and demand). Developing scenarios on potential levels of adoption for different
solutions is beyond the scope of this report.

30 This is based on personal communication of the authors with an operator.

31 For micromobility, the determination of the ratio of service vehicle travel per km with passengers on board may be difficult, especially in cases
where it is not directly controlled by the micromobility service provider. This can be the case, for example, when charging operations are delegated
to third parties: as with “juicers”, contracted people or companies that pick up micromobility vehicles — namely e-scooters — off the streets and
charge them. Given the importance of energy and GHG emission impacts due to operational services, addressing this is likely to require the
adoption of different (more transparent and accountable) practices by operators, allowing them to have a better capacity to track information
about the nature of the operational services.

32 From a budget perspective, these instruments are also well suited to align the balance of expenditures and revenues that they generate, not
only because taxes on poorly performing vehicles can finance subsides on the best performing ones, but also because the emissions thresholds
that defines which vehicles contribute and/or benefit from the scheme (and the extent to which this happens) can be adjusted over time.

33 The second part of the SAFE rule, finalised in April 2020, amends earlier standards for vehicle model years 2021-2026 (EPA, 2020), reducing
the stringency of standards that were established earlier for model years 2021-2025. The first part of the SAFE rule, released in September 2019,
also revokes the requirement of state and local authorities to develop GHG emissions standards as well as zero emission vehicle (ZEV) mandates
for road transport vehicles (EPA, 2019). In November 2019 the US state of California and 22 other US states filed a lawsuit contesting the
amendment (Shepardson, 2019a).

34 The availability of technical standards and/or regulations defining technical specifications of the vehicles and sustainability characteristics of
the fuels are key prerequisites for this sort of regulation. For most road vehicles, technical standards and/or regulations on the measurement of
energy use and tailpipe GHG emissions/km have been developed in the context of the World Forum for the harmonisation of vehicle regulations
(WP.29) of the United Nations. In the case of fuels, the most relevant examples currently existing related with the sustainability criteria developed
in the framework of the Low Carbon and Fuel Standards (LCFS) and Renewable Fuel Standards (RFS) in North America, the Fuel Quality and
Directive (FQD) Renewable Energy Directives (RED, | and Il) in Europe and the Carbon Offsetting and Reduction Scheme for International Aviation
(CORSIA) in the case of international aviation. The assessment of embedded energy and carbon in vehicle manufacturing is a subject where
technical regulations and standards are still at an early phase of developments. The European Union is one of the global regions currently
spearheading this development, as this sort of issue has relevance for the ongoing discussion on carbon border taxes.

35 See Sadler Consultants, Ltd. (n.d.) for an overview of such measures in Europe.

36 A recent ITF Roundtable on the regulation of app-based services (ITF, 2019) indicates that policies aiming to minimise the environmental
impacts of transport are most effective when they are applied proportionately, consistently and broadly to all vehicles and services that contribute
to increased energy use and GHG emissions. The same report also acknowledges that there may be cases where specific (or targeted) interventions
may be relevant and appropriate.

37 Policies also come with costs. The latter may result from the budgetary requirements needed for economic incentives, the compliance burden
on regulated entities, the monitoring and enforcement burden borne by regulators and the general costs that policy development engenders.
Policies will need to ensure that these costs are minimised and certainly exceeded by the benefits that the policies generate.
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38 Starting from the cases with the highest usage profiles, drivers or fleet owners should have a clear economic case to switch to energy=-efficient
technologies that fit desired (or required) vehicle size, comfort and power classes. This is due to the lower operational costs these technologies
entail and the relevant share of costs that fuel consumption represents for drivers. However, technologies that have the best energy-efficiency
and GHG-emissions/km performances are not widely adopted on these vehicles. There can be a wide range of reasons for this. The first is imperfect
information regarding the energy performance and costs of technologies (see for example Andor, 2020). Other reasons include technology-specific
limitations (e.g. in terms of availability or technical characteristics) since some of the vehicle categories are calibrated to the needs of average
drivers.

39 Fuel consumption accounted for 11% of post-platform commission earnings in France, according to Uber (2019).

40 If the net savings are delivered through e-mobility, benefits also include opportunities for positive spillovers for industrial and economic
development, given the centrality of e-mobility for cost reductions in battery storage, growing competitiveness of electric vehicles once battery
costs decline (with a self-reinforcing effect) and the importance of battery storage for the broader context of the clean energy transition,
generating other opportunities for increased scale, technology progress and further cost cuts.

41 ITF (2019) suggests that a clear understanding of the dynamics of the relevant market is a key requirement for the development of targeted
measures related with the regulation of app-based services.

42 The imposition of age limits results in lower average emissions for the ridesourcing fleet as compared to the average emissions for all vehicles
(where these impacts have been measured as in California) (CARB, 2019).

43 For example, France requires a minimum vehicle length (4.2 metres) and minimum power (84 kW) for ridesourcing vehicles, skewing per vehicle
energy use and GHG emissions upwards (IGAS and CGEDD, 2018).

44 Usage profiles refer to different characteristics of driver behaviour with respect to their vehicle travel per year and, therefore, also the
importance of energy consumption in their expenses. It can also identify different drivers directly, since different magnitudes of annual vehicle
travel is likely paired with different drivers (and can also depend heavily on the frequency of their work on ridesourcing platforms).

45 However, given that ridesourcing drivers are not always aware of their full operating costs, the targeted provision of the impact of differentiated
registration fees at the moment of purchase, set in the broader context of overall operating costs and potential earnings, could reinforce the shift
towards more fuel-efficient vehicles.

46 This consideration is aligned with the recent ITF Roundtable Regulating App-based Mobility Services. The Roundtable’s Summary and
Conclusions (ITF, 2019) finds that generally applicable congestion charges or low-emission zones are more effective than measures only targeting
ridesourcing (since they have a broader basis of application and avoid the risk of effects having only a temporary nature). It also warns that
measures that specifically target ridesourcing in cities on the subject of congestion and urban pollution shall be weighted against the welfare
benefits generated by the sector (ITF, 2019). The same report also flags some factors that could justify charges that apply specifically to
ridesourcing and taxi services. In particular: i) the possibility for ridesourcing-specific charges designed to achieve the same policy objectives
(including those related with the promotion of technology shifts) as parking fees (which do not apply to ridesourcing); and ii) congestion (and
therefore energy use, pollutant and GHG emission) impacts due to the near constant movement of ridesourcing vehicles and their tendency to
block traffic during pick-up and drop-off activity, especially in dense inner-urban environments.

47 This is because broader measures avoid the risk of inducing effects of a temporary nature (e.g. if they induce switches to single passenger car
travel and/or away from rides that have been transitioned to low- or zero-emission vehicles). They also mitigate impacts that would otherwise
disproportionately affect the benefits generated by the availability of ridesourcing as an additional transport option for urban mobility (see ITF
(2019) for a more extensive discussion on the subject).

48 This policy design would be similar to the one used for low carbon fuel standards, aimed at regulating the maximum overall carbon intensity
of fuels through the provision of a mix of fuels with different carbon intensities, weighting their relevance on the basis of their share in the total
fuel mix. Another analogy can also be made with policies regulating fuel economies or GHG emissions per vkm, also based on averages for all new
vehicles sold, with new vehicle registrations as weighting parameter.

49 For public transport (not in the focus of the main text), calls to increase occupancy on lightly used feeder routes may also run into people’s
objections to constrain travel to rigid and infrequent services.
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Annex A. Methodological details
backing the results of the analysis

This Annex provides details on the methodology and key sources of information and assumptions used in
the LCA tool developed for this report. The focus of this description is on the parameters used for the
elaboration of the central estimates shown in Figure 2 to Figure 5.1

A key aspect and a unique feature of this work is the application of a consistent set of assumptions on the
carbon intensity of materials and energy sources used by all the forms of urban mobility assessed. The
objective behind this choice is the possibility of developing a comparative assessment of life-cycle
emissions of different urban transport options where results are not positively or negatively affected by
technical aspects that apply exclusively to one option or another.

Methods and assumptions used in this analysis are outlined below, looking at each life cycle assessment
component: vehicles, fuels/energy vectors, infrastructures and operational services.

Vehicles

The evaluation of energy and GHG emission impacts related to the vehicle component were developed at
the vehicle level, then attributed to vkm based on lifetime and mileage, and to pkm based on loads
evaluated as the weighted average of distances covered and the number of passengers associated with
each distance portion (including deadheading, where relevant).

More specifically, energy and GHG emissions impacts related to the vehicle component were estimated,
taking into account:

e The energy and GHG emission intensities of material production (including assumptions of the
shares of recycled materials) available from the GREET2 model of the Argonne National
Laboratory, combined with a range of other data sources allowing to develop estimates on vehicle
weights and material composition.

Vehicle weights (summarised in Table 1) and material composition assumptions have been
informed by Hollingsworth, Copeland and Johnson (2019) and personal communications with
operators for e-scooters; Cherry, Weinert and Xinmiao (2009) for bikes, e-bikes, mopeds
(complemented by Motor Scooter Guide (n.d.) for details on engine weight, as well as GREET2 for
the weight and composition of electric motors), Chester (2008), Sustainable Bus (2018) and BYD
(2019) for buses, as well as GREET2 for fuel cell vehicles (scaled based on differences in energy
and power requirements between buses and cars); GREET2 in combination with IEA (2019) for
cars, and; 5) Ansaldo Breda (2011), Alstom and Bombardier (2015) and Siemens (2005) for
metros/urban trains.:

1 The information included here also have relevance for the sensitivity results illustrated in the main analysis. This is because, unless otherwise
specified, sensitivity results have been developed in a framework where all input values except the sensitivity parameters themselves have been
kept unchanged.
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e The energy and GHG emission intensities of vehicle assembly and disposal, available in GREET2 for
the case of cars, generalised to other modes.

e The energy and GHG emission intensities of battery manufacturing, based on specific battery
chemistries, also available in GREET2?, as well as the estimates on battery capacities summarised
in Table 1.

Battery capacity assumptions have been informed by Hollingsworth, Copeland and Johnson (2019)
and communications with operators for e-scooters; Cherry, Weinert and Xinmiao (2009) for
e-bikes and e-mopeds (complemented by Gogoro, 2020); IEA (2019a) and GREET2 for cars, and;
BYD (2019) and Hug (2015) for electric buses.

The assessment also used the assumption that the energy and GHG emission intensities of battery disposal
are comparable to those of the disposal of materials used in cars.?

The assumptions related to vehicle mileages and lifetimes, as well as loads (pkm/vkm), are summarised in
Table 2.

Mileage assumptions for shared e-scooters have been informed by Chester (2018), Hawkins (2020),
Lagadic, (2019) and Chang et al., (2019), and Severengiz et al., (2020) for shared e-scooters, in addition to
specific communications with operators. Schuller and Aboukrat (2019) and personal communications with
operators informed assumptions on e-scooter lifetimes. Mileages and lifetimes of bikes are informed by
the European Cyclists’ Federation (2011) and conservative assumptions to reflect the effect of theft,
tampering and vandalising. Fishman, Washington and Haworth, (2014) is the main source for shared bike
and e-bike usage, RATP (2018) and 6-t (2019c) for shared mopeds. Typical urban speeds and travel times
of 1.5 hours per weekday, resulting in 12 100 km/year, informed mileage assumptions for cars. Car
lifetimes (15 years) reflect averages observed in developed countries. Data from the CARB (2019), Schaller
Consulting (2017), Cramer and Krueger (2016), Henao, Marshall and Janson (2019) and Balding et al. (2018)
inform the assumptions retained for the average daily travel of ridesourcing and taxis. In particular, they
inform the choice to use an annual mileage (deadheading included, but excluding the commute to/from
the driver’s residence) of 48 000 km/year. Lifetimes are calculated considering a lifetime mileage of
400 000 km, including travel needed for commutes and assuming a dedicated use of vehicles for
ridesourcing. Urban bus mileages consider an average speed of 18.5 km/h for eight hours a day, six days a
week and 50 weeks per year. Bus lifetimes (nine years) reflect European averages (EC, 2020a). Annual
travel assumptions for urban trains/metros account for an average speed of 27.5 km/h, for eight hours/day
and six days/week for 50 weeks/year for urban trains/metros. Their lifetimes are based on inputs derived
from International Association of Public Transport (2015 and 2019).*

Fuels/energy vectors

For the fuel component, energy and GHG emission impacts were developed per each unit of final energy
needed in the vehicles (final energy use). These results were then converted to energy and GHG emissions
per vkm multiplying by specific energy consumption, i.e. the ratio of final energy use per km, also

2 These refer to manufacturing facilities running at 75% capacity for a plant size of 2 GWh and relying mostly on natural gas for the supply of heat.

3 Energy and emissions needed to transport the vehicle from the area of production to the point of commercialisation, based on simplified
assumptions related to the selection of modes used to move the products across different parts of the globe (and having minor impacts on the
results) have also been included in the vehicle cycle.

4 This information was obtained following personal communications of the authors with members of the ITF with Nicolas Erb (Alstom).
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accounting for the shares of driving attributed to each relevant form of final energy. Lifetime mileages
allow the conversion of these results to data related with each vehicle, and loads (evaluated as the
weighted average of distances covered and the number of passengers associated with each distance
portion, including deadheading) allow their conversion into energy and GHG emissions per pkm.

More specifically, energy and GHG emissions impacts related with the fuel component were estimated
taking into account:

e energy and GHG emission intensities of fuel production and (where relevant) combustion available
in the GREET1 model of the Argonne National Laboratory®

e estimates of energy use per km for each urban transport option, summarised in Table 1 derived
from a range of different sources, including technical assessments, technical specifications,
modelling tools and scientific literature.

For cars, the energy use/km is consistent with the assumptions used by the International Energy
Agency in the Global EV Outlook 2019 in the case of mid-size cars (IEA, 2019a), informed by the
assessment developed in [EA (2019), as well as the default values available in the GREET1 tool. The
resulting values are consistent with the results of energy consumption test developed with the
Worldwide Harmonised Light Duty Test Procedure (WLTP). E-scooter estimates are informed by
Xiaomi (n.d.) and personal communications with operators (especially for new generation
e-scooters); e-bikes estimated from Cherry, Weinert and Xinmiao (2009); e-mopeds from IEA
(2019a); mopeds from average value of small vehicles (less than 125 cc, the most widespread
globally), e.g. available in Honda (2019); buses from Nylund, Erkkild and Hartikka, 2007; e-buses
from Hug (2015); metros/urban trains from Ansaldo Breda (2011), Alstom and Bombardier (2015)
and Siemens (2005), among others.

A limit in the assessment of energy and GHG emission impacts related with the fuel component relates to
the nature of the system boundary that, given the methodological choices outlined above, excludes the
construction and roll out of dedicated infrastructure for the provision of electricity to plug EVs (PHEVs and
BEVs) and the distribution of hydrogen to FCEVs.®

5 The GREET1 values have been adjusted to account for a 33% efficiency in the case of nuclear electricity in order to align the methodology to that
used by the International Energy Agency for the elaboration of its energy balances. More broadly, the results available in GREET1 for the fuels
considered in this assessment are similar in magnitude to those found in other well-to-wheel assessment tools, in particular the analyses developed
in the case of Europe by the JEC (JEC, n.d.1).

6 In the case of plug EVs, additional energy and GHG emissions would be imputable to the construction and installation of private and publicly
accessible chargers (accounting also for the chargers to vehicle ratios), as well as eventual modifications that may be required to the power system
to deal with structural changes in the electricity demand (something that is subject to different interpretations), that may reasonably not only be
imputable to plug EVs (e.g. net additions to the electricity generation capacity, including emissions due to the construction and installation of new
power generation facilities and eventual upgrades to the electricity transport and distribution network) and may even lead to net savings (e.g. in
cases where EVs are integrated as an element allowing for greater flexibility in the power system). In the case of FCEVs, additional energy and
GHG emissions would need to account for the construction and installation of hydrogen charging stations and hydrogen transport and distribution
systems. As in the case of modifications that may be required to the power system, some of these impacts (especially those related to hydrogen
transport) would need an allocation based on the relevance of different hydrogen end-uses, and others (e.g. those related with improvements in
the power system flexibility enabled by the FCEV integration in the electricity grid) may come with net benefits (e.g. due to the possibility of
increasing the share of renewable energy in power generation). The frequency of use of the refuelling station is also relevant for the assessment
of life-cycle impacts of FCEVs, as it is for plug EVs. Given the characteristics of FCEVs, and in particular their reliance on refuelling practices similar
to ICE vehicles (and, therefore, less decentralised than in the case of plug EVs), ensuring high frequency of use of the refuelling infrastructure is
especially important to limit the life-cycle impacts of the construction and installation of hydrogen charging stations and hydrogen transport and
distribution systems.
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Infrastructures

Energy and GHG emission impacts for the infrastructure component were first evaluated for each km of
infrastructure (based on material contents and, for road, excluding earthworks) and then converted into
impacts per vkm through information on the frequencies of use of different infrastructures. The latter are
specific to each vehicle. Impacts expressed per vkm are then converted into impacts per vehicle or pkm
using lifetime mileages and loads, as already outlined in the case of the fuel component.

More specifically, energy and GHG emissions impacts related with the infrastructure component were
estimated taking into account:

e Energy and GHG emission intensities of the production of cement and steel from the GREET2
model of the Argonne National Laboratory.

e Material intensities of different types of infrastructures (bike lanes, urban roads, bus lanes and
metro tracks) available in scientific literature. In particular, material intensities (asphalt, cement,
concrete and steel) of roads have been informed by Miatto et al., (2017), Athena Institute (2006),
Loijos, Santero and Ochsendort (2013), Santero, Loijos and Ochsendort (2013) and USGS (2006).
For urban rail, material intensities are informed by Saxe, Miller and Guthrie (2017), Li et al. (2018),
Chester, Horvath and Madanat (2010) and Chester and Horvath, (2009).

e Corrective factors aiming to include energy and GHG emissions imputable to infrastructure
maintenance. These are evaluated assuming that the emissions due to infrastructure construction
account for 67% of the total of construction and maintenance (based on Jullien, Dauvergne and
Cerezo, 2014) and 58% for rail (based on Saxe, Miller and Guthrie, 2017).

e Corrective factors for the share of energy and emissions due to road maintenance that allocate
the values resulting from the assumptions just described to cars and modulate them based on
vehicle weight (doubling emissions from maintenance for vehicles with a weight that is double the
weight for cars, for example).

e Assumptions on infrastructure lifetimes (30 years for roads and bike lanes, 50 for metro tracks).

e Frequencies of use of different infrastructure types based on the generalisation of values found in
the case of London, thanks to the availability of detailed data on infrastructure extension and
usage profiles. Road traffic statistics for London are extracted from DfT (2020) and the road
network extension from DfT (2019). Bus lanes are available in ITP (2017). Cycle lanes in TfL (2018).
Metro activity and network extension are available in (TfL, 2019).

In addition to the simplifications just described, an additional limit in the assessment of energy and GHG
emission impacts related with the infrastructure component is the exclusion from the system boundaries
of stationary docking systems, relevant for some of the new mobility modes (especially e-bikes).
Considering that docking infrastructure for e-bikes has material requirements that are comparable in
magnitude to those of manufacturing the bikes themselves, that the docking infrastructure is likely to have
a longer lifetime of the shared bikes, but also that there are impacts associated with construction work
needed to install the docks and that there is more than a single dock per shared bike, it is conceivable that
adding docking stations and their construction could lead to energy and GHG emission impacts from the
infrastructure component that have a similar magnitude of those related with the manufacture of the
shared bikes themselves. In addition, differences in vehicle lifetimes, likely lower in the case of dockless
bikes than for station-based ones, also influence energy and GHG impacts when measured per vkm or pkm
(the higher the lifetime mileage, the lower these impacts are, all else being equal).
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Operational services

Energy and GHG emission impacts related to operational services were assessed accounting for amount
of travel by service vehicles to enable the operation of new mobility services.

They were calculated first per each km of service vehicle travel and then multiplied by the ratio of service
vehicle travel per unit of final travel to get estimates of energy and GHG emissions per vkm. This ratio
depends on the average daily distance of service vehicle trips required, the average number of vehicles
handled by each service vehicle trip and the average daily distance actually travelled by the vehicles when
they are in operation (final travel). Impacts expressed per vkm are then converted into impacts per vehicle
or pkm using lifetime mileages and loads, as already outlined in the case of the fuel component.

More specifically, energy and GHG emissions impacts related with operational services were estimated as
follows:

e For micromobility, taking into account: i) the type of vehicles needed for the operational services’
(shown in Table 2); ii) the average daily distance of the service vehicle trips; iii) the average number
of vehicles (or batteries) handled in each trip;® and iv) their well-to-wheel energy use and GHG
emissions per km. In the last case, the use of well-to-wheel figures reflects the fact that only
emissions due to the fuel component are accounted. This is based on the consideration that
vehicles are not built on purpose for this use, but also used for other purposes (the same
assumption was retained in Hollingsworth, Copeland and Johnson, [2019]).

For e-scooters, the daily distance of service vehicle trips and the number of vehicles handled in
each trip are informed by information shared (through personal communications) with the authors
by a number of operators, and they are complemented by data available from Chester (2018),
Domonoske (2019) representing established practices based on third-party service providers,
complemented by Dickey, (2020) and Perch Mobility (n.d.), representing new or emerging
practices. These lead to assumptions of 11.25 km of service vehicle round trip/day/e-scooter. This
value is compatible with 45 km of service vehicle travel per round trip per day (or 90 km of service
vehicle travel per day, with each vehicle completing two round trips per day) and a frequency of
e-scooter servicing trips of one every four days).

A key difference between first-generation and new shared e-scooters is the number of vehicles
handled in each service trip. These are assumed to be limited to ten for first-generation, and
increase to 14 (on average) for the new generation (leaving, therefore, good margins for
improvement since the capacity of the servicing vans can attain 60 units per trip).

For e-bikes and e-mopeds, the daily distance of service vehicle trips and the number of vehicles
handled in each trip are assumed to be the same as for the latest e-scooter generation.

e For ridesourcing and bus services, taking into account of deadheading km and the commuting
travel from/to the driver residence.

Assumptions related with deadheading km have been informed by the sources outlined in Box 1
for buses, taxis and ridesourcing, retaining the value of 38.5% of deadheading (excluding multi-
apping) in the total of deadheading km and km with passenger on board in the specific case of

7 Operational services for shared micromobility service include travel needed for charging and repositioning. The latter is neglected for e-mopeds
and not considered for ICE powered shared mopeds.

8 For e-scooters, these are informed by Chester (2018) and Domonoske (2019), representing established practices based on third-party service
providers, complemented by Dickey, (2020) and Perch Mobility (n.d.), representing new or emerging practices.
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ridesourcing (CARB, 2019) and adding to it 0.29 km per km with a passenger on board to account
for commuting (Henao, Marshall and Jansen, 2019). For taxis, deadheading km were based on the
ridesourcing estimate multiplied by the ratio available in the analysis of Cramer and Krueger
(2016). For buses, the deadheading share considered in the central estimate is 10%.

For taxis and ridesourcing, energy and GHG emissions/vkm related with operational services
include distances related with overheading, cruising and commuting travel to and from the driver
residence. Impacts due to overheading and cruising on the average loads are reflected in all results
expressed using pkm as the functional unit.
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