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FOREWORD

We live in a rapidly urbanising world, and cities provide many opportunities for unprecedented socioeconomic develop-
ment and innovation. At the same time, the demand for resources to meet the needs and aspirations of this increasing
urban population is growing, a development often dependent on the increasing use of fossil fuels. Greenhouse gas emis-
sions from the transportation sector are growing faster than any other energy-end use sector. Conventionally fuelled ve-
hicles are also a major source of urban air pollution. Meeting the mobility needs of citizens while reducing emissions and
air pollution from the transport sector therefore requires urban planners and policymakers to shift their focus from plan-
ning for personal cars to planning for low-carbon mobility by promoting public transport, shared mobility and improved
walking and cycling infrastructure and facilities. Simultaneously, a shift towards renewable energy is also pivotal to re-
ducing the sector’s reliance on fossil fuels. Guided by the New Urban Agenda, cities must align their transport, climate,
energy and urban development plans to achieve both the Sustainable Development Goals and the Paris Agreement goals.

Electric mobility solutions should be part of a new culture of integrated mobility planning, focussing on high quality public
transport services, well integrated with shared mobility options, walking and cycling. For cities to fully benefit from the
transition to electric mobility, these efforts need to be implemented in the overall context of better and more compact
urban planning with a focus on accessibility and urban liveability. This will require close collaboration between public
and private actors in which governments can bring forward enabling regulatory frameworks and provide incentives to
encourage the uptake of electric mobility.

This report, “Integration is key: the role of electric mobility for low-carbon and sustainable cities’, is meant as guidance
for cities, providing recommendations and principles to implement electric mobility strategies. It is my hope that policy-
makers, city planners, engineers, and entrepreneurs alike will find this guidance useful in their continued efforts to foster

a more sustainable urban future.

Raf Tuts
Director, Global Solutions Division

UN-Habitat _—



Executive Summary

Key highlights

The use of electric vehicles is rising in many cities around the world, underpinned by the ur-
gent need to reduce levels of air and noise pollution, and tackle the ever-growing energy-related
greenhouse gas (GHG) emissions from conventionally fuelled vehicles. The Intergovernmen-
tal Panel on Climate Change (IPCC) recognises electrification of short-distance vehicles as a
powerful means for reducing emissions. The strong increase of renewable energy sources in
electricity generation, observed over the past decade and expected to further grow, maximises
the climate benefits of electric mobility.

Transport electrification can simultaneously contribute to sustainable urban mobility by en-
hancing vehicle energy efficiency and supporting the shift towards public transport and active
mobility. Electric mobility expands the mobility options in our cities, with a range of lightweight,
new electric vehicles including electric bicycles and kick e-scooters which can act as a cata-
lyst for behavioural change. Proactively integrating these small electric vehicles as feeders into
mass transit can promote the shift from private cars and bolster the role of public transport as
the backbone of the urban mobility system. In addition, electrification can also catalyse invest-
ments in clean public transport and new bus fleets, which, in turn, can raise the attractivity of
public transport through modern and more silent vehicles.

The right accompanying policies need to be developed and adopted at national and local levels,
supporting the electrification of public and shared vehicle fleets as the most cost-effective op-
tions among electrification strategies, and increasing the share of renewable energy sources in
electricity generation. Ensuring that the deployment of electric vehicles and infrastructure fits
within a sustainable urban mobility paradigm is crucial to reap the benefits of this transition.
Many publications focus on electric private passenger cars. These, however, do not address
issues of congestion and unfair distribution of urban space. Electric vehicles are in fact more
diverse, ranging from lightweight two- and three-wheelers such as electric bicycles, cargo bikes,
scooters, mopeds and tuk-tuks (private, shared or commercial forms), to electric light duty ve-
hicles, and electric heavy-duty trucks and buses.

Chapter 1

Chapter 1
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Electric mobility should be guided by a set of ten core principles:

7 Integrate electric mobility in the context of improved urban planning and in a balanced
“Avoid-Shift-Improve” framework

7 Prioritize people and public transport over private cars

7 Plan and design to accommodate a rich mix of electric mobility options integrating active
and high-capacity modes of transport

7 ldentify opportunities for multimodal transit hubs through the strategic location of electric
mobility charging infrastructure

7 Design an integrated transport policy approach seeking synergies between national and
local measures

7 Build cross-cutting institutional cooperation

7 Engage with all relevant stakeholders across multiple sectors, strengthen public-private
partnerships, and create co-ownership of the transition

7 Promote equity and inclusion in the deployment of electric mobility
Increase the share of renewable energy sources and move towards a zero-emission future

7 Provide adequate access to information on electric mobility to users.

Rolling-out electric mobility is not without challenges: policymakers and stakeholders are fre-
quently confronted with four types of challenges:

financial and investment barriers,

policy, regulatory and institutional barriers,
technical challenges,

behaviour and knowledge concerns.

O O O O

To tackle these challenges, cities can gain experience from other cities which have already de-
signed and rolled-out electric mobility programmes. Policies can support the uptake of inte-
grated electric mobility via measures addressing four dimensions: planning and infrastructure
measures, fiscal measures, institutional and regulatory instruments, as well as communication
campaigns. It is recommended to follow a Sustainable Urban Mobility Planning (SUMP) ap-
proach to implement electric mobility at the local level. National measures can also support the
deployment of electric mobility at city level.

Innovative business models are paramount to facilitate the transition to electric mobility, reap-
ing the benefits of lower running costs while addressing higher upfront investment costs.
Shared systems and innovative procurement models for electric buses are presented in this
publication.

Electric mobility can improve urban logistics, for instance via electric cargo bikes.

The entire lifecycle of batteries should be considered, adopting a circular economy approach,
making use of ‘reuse, repurpose and recycle” opportunities, and avoiding environmental and
health hazards in the recycling of batteries. The second life use of electric vehicle batteries as
energy storage systems can facilitate the integration of variable renewable energy sources into
electric grids.

Chapter 2
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Disclaimer

The designations employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations concerning the legal status of any country, terri-
tory, city or area, or of its authorities, or concerning delimitation of its frontiers or boundaries, or regarding its economic
system or degree of development.

The analysis, conclusions and recommendations of this document do not necessarily reflect the views of the United
Nations Human Settlements Programme, the Governing Council of the United Nations Human Settlements Programme
or its Member States.

References to names of firms and commercial products and processes do not imply their endorsement by the United
Nations, and a failure to mention a particular firm, commercial product or process is not a sign of disapproval.

Excerpts from the text may be reproduced without authorization, on condition that the source is indicated.
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Introduction

Electric mobility is on the rise in many cities across the globe, underpinned by the urgent need to reduce critical levels
of urban air pollution, greenhouse gas emissions, and noise pollution. Electrification of road transport vehicles was rec-
ognised as a powerful low-carbon transport strategy by the Intergovernmental Panel on Climate Change and the 2015
Paris Declaration on Electro-Mobility and Climate Change launched at the climate summit COP-21. A total of 54 Nation-
ally Determined Contributions (NDCs) under the Paris Agreement on climate change and Long-Term Strategies have
included measures promoting electric mobility so far, by countries located both in the Global North and South (TraCS and
SLOCAT, 2021). Further to these environmental benefits, electric mobility has numerous economic and social multipliers.
These include the opportunity to promote a more sustainable urban mobility stimulated by the renewal of public trans-
port fleets and the introduction of innovative mobility options such as e-bikes, a new industry market and job opportunity,
as well as the opportunity to proactively support gender-inclusive mobility.

Recognising these opportunities, an increasing number of countries have enacted national and urban policies in re-
cent years to support the roll-out of a variety of electric mobility options. Electric fleets range from lightweight two-
and three-wheelers such as electric bikes, cargo bikes, scooters, mopeds, tuk-tuks — provider under private, shared or
commercial forms -, over electric light duty vehicles including passenger cars and light commercial vehicles, to electric
heavy-duty buses and trucks. In this global movement, cities can act as natural champions to foster a transition towards
electric mobility. Cities are incubators of innovation, concentrating economic activities and the creativity of people. These
strengths, coupled with the shorter distances between destinations and higher population and residential densities that
characterise cities, place them in a unique position to complement national programmes and steer electric mobility in the
most sustainable direction.

As a disruptive technology that deeply impacts a broad range of stakeholders, market dynamics, urban planning and pub-
lic policies, electric mobility is, however, not without challenges for cities. Urban policymakers are confronted with critical
questions: how can electric mobility strategies best be implemented, and adoption barriers tackled? Which policies and
principles can steer electric mobility in the most sustainable way? How can communities and relevant stakeholders be
engaged in electric mobility processes? Which innovative business models can help overcome higher investment costs?

Answering these questions requires an in-depth and context-specific knowledge of electric mobility characteristics, sup-
porting policies and planning needs. Recognising the need for this transition, UN-Habitat, at the UN Climate Summit
in September 2014 in New York, launched the Urban Electric Mobility Initiative (UEMI). The UEMI aims to support the
phasing out of conventionally fuelled vehicles in cities and the integration of electric mobility into a wider concept of
sustainable urban transport.

To this end, this publication aims to provide city managers, urban planners and other stakeholders with an overview of
key aspects of electric mobility and an outline of the core principles that can guide them in developing their strategies to
increase its uptake. Ensuring that the deployment of electric vehicles and infrastructure fits within a sustainable urban
mobility paradigm is crucial to reap the benefits of this technological transition. While electric mobility entails direct
sustainability gains, the extent to which benefits can be maximised depends on accompanying public policies, support
of stakeholders, and financing. It is important to recognise that electric mobility is not a silver bullet per se, but rather a
strategy for generating multiple benefits under an overall sustainable urban mobility paradigm.



This publication tackles a broad thematic and geographic scope, reflecting the diversity of electric vehicles in countries
at different stages of economic development. It encompasses all urban transport modes, considering that one cannot
understand the benefits and complexity of electric mobility without considering the diversity of vehicles involved. While
many publications focus on electric passenger cars, these do not address issues of congestion, nor the unfair distribution
of urban space. The publication further assesses the situation of low, middle and high-income countries, as it is critical
to represent the realities of electric modes in different settings. Finally, it also provides an entry point to urban electric
mobility and refers to further guidance tools and reading materials for cities intending to delve deeper into the topic.

The report is built around three core chapters. The first chapter elaborates on the potential and characteristics of electric
mobility in cities. The second chapter lists key principles that should serve to structure a sustainable roll-out of urban
electric mobility. The third and final chapter dives deeper into the multiple facets of electric mobility in cities, addressing
planning and policy instruments, implications on the environment, economy, neighbourhoods, innovation and resources.
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THE NEED FOR ELECTRIC
MOBILITY IN CITIES
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1.1 Why do we need urban electric mobility?

Fossil fuel-based vehicles are among the most rapidly
growing sources of airborne pollution and present a
major public health risk, particularly in regions with
sharply increasing motorization. The transport sector is
currently responsible for approximately one quarter of
worldwide GHG emissions (24% of direct CO2 emissions
in 2018 according to the IEA, 2020a), and transport-related
emissions are growing more rapidly than any other sector
(IPCC, Sims et al, 2014). Globally, urban public spaces
are dominated by vehicles with fossil fuel-driven internal
combustion engines, as oil-derived fuels account for 95 %
of energy consumption in transport (EEA, 2020). These
vehicles emit GHG and saturate the air with toxic pollutants
such as nitrogen oxides, sulphur oxides, particles,
carbon monoxide and hydrocarbon. Black carbon, which
comprises a substantial portion of small particulates, is
an important climate forcer, contributing significantly to
short-term global warming.

This cocktail of pollutants and particles is a direct cause
of acute and chronic illnesses, including strokes, heart
disease, lung cancer, chronic obstructive pulmonary
diseases, diabetes, high blood pressures, and respiratory
infections such as pneumonia (WHQ, 2018). In addition, it is
becoming clearer that polluted air increases mortality rates
from pandemic outbreaks. A recent study demonstrated a
significant association between air pollution over many
years with an increase in mortality from a COVID-19
infection (Wu et al,, 2020). This has also been found in
other diseases caused by a coronavirus such as the Severe
Acute Respiratory Syndrome (SARS) (Harvard University
T.H. Chan School of Public Health, 2021).

It is therefore crucial to move away from fossil fuel-
based mobility which severely impacts public health and
contributes to global warming.

Electric mobility, or e-mobility, can play a significant role
in the decarbonisation of the transport sector and the
reduction of air pollution. Many e-mobility solutions are
readily available, several of which are already cost-effective
and can deliver wider socio-economic benefits, making
the prioritisation of these solutions pivotal for mobility-
related policy decisions. This was recognised by the
Paris Declaration on Electro-Mobility and Climate Change
launched at the 2015 Paris climate summit COP-21,

aiming for a 20% share of all global road transport vehicles
to be powered by plug-in electricity by 2030, as well as the
Action towards Climate friendly Transport (ACT) initiative
launched at the 2079 UN Climate Summit. Moreover, in
2018, the Intergovernmental Panel on Climate Change
(IPCC) recommended to accelerate the uptake of climate
mitigation solutions, among which the electrification of
transport, which it recognized as a powerful measure for
short-distance urban vehicles. The global fleet of fossil-fuel
passenger vehicles would need to be replaced by electric
vehicles, electric bikes and electric transit by 2035-2050 in
order to stay below the target limit of a 1.5°C increase in
earth surface temperatures (IPCC, 2018).

Cities are the essential levers to achieve decarbonization
targets: they provide critical densities of goods and people,
stimulate socioeconomic interactions and networks
and are therefore vital centres for trade, innovation,
communication and culture. According to UN-Habitat,
within 30 years from now, two-thirds of the world's
population will live in urban areas. 90% of urban growth
will occur in less economically developed regions, such
as East Asia, South Asia and Sub-Saharan Africa (UN-
Habitat, 2020). Currently, cities account for 60% to 80%
of worldwide energy consumption and generate as much
as 70% of human induced GHG emissions, primarily
through the consumption of fossil fuels for energy supply
and transportation. In order to achieve the Sustainable
Development Goals (SDGs), the Paris Agreement goals
and the New Urban Agenda, as well as deliver on UN
Habitat's mission to ensure “a better quality of life for
all in an urbanizing world”, cities need to shift towards
more sustainable urban development, renewable energy
systems and low-carbon transport modes. According to
a comprehensive assessment by the IPCC (2018), cities
need to cut emissions to avoid the catastrophic effects of
a changing climate, most notably by decreasing the use
of fossil fuels and increasing renewable energy sources.
Cities have an opportunity to reduce carbon emissions
and air pollution by using synergies between the different
sectors of urban development: urban planning, urban
energy, transport and waste resource management.

As an effective low-carbon strategy, electric mobility
improves urban air quality by reducing local pollutants
including particle matter, nitrogen oxide, and sulphur



dioxide, reduces fossil fuel consumption, and helps mitigate
climate change, all the more as the share of renewable
energies in the electricity generation mix increases. It
also significantly reduces ambient noise, improving the
quality of life in cities. In addition to these environmental
benefits, electric mobility can also steer local economic
development, improve intermodality, bring in innovative
vehicles catering to mobility needs of urban dwellers, and
reshape existing infrastructure and planning conditions,
especially in developing contexts. Figure 1 depicts the
gains and opportunities electric mobility offers. Several of
these benefits that can be reaped from e-mobility depend

Renewed
planning practices

Jf Shift to e-public
transport and

e-cycles Accessibility

Less carbon emissions

on the way it is implemented. Hence, there is a pressing
need to adopt the right accompanying policies, following
key principles highlighted in this document (Chapter 2)
and corresponding strategies, challenges and solutions
(Chapter 3). Some benefits are direct ones (for instance the
improvement of air quality and urban noise), while others
will depend on enabling public policies and stakeholder
mobilization (for instance neighbourhood involvement,
impact on transport providers). Accompanying policies
including the decarbonisation of electricity generation, are
essential.
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Figure 1: Gains and opportunities leveraged by electric mobility

Box 1: Emission reduction potentials of electric bicycles

A 5% increase in trips made by e-bikes and other electric micromobility options, replacing car trips, would reduce CO,
emissions from the urban transport sector by 7% by 2030. This represents more than 134 million cars off the road
(ITDP, 2019). This analysis does not only apply to passenger trips, but also to urban deliveries that have a growing car-
bon footprint in many cities. Electric bicycles and cargobikes have shown proven results in reducing GHG emissions

(see section 3.14 on urban logistics).



Box 2: Employment opportunities

The promotion of green transport will generate employment opportunities to diversify and safeguard jobs. Doubling
investment in public transport by 2030 is estimated to enable the creation of at least 2.5 million additional jobs in the
transport sector worldwide, and up to at least 5 million jobs when considering the wider impact on other economic
sectors (UNECE and ILO, 2020). Introducing a target of half of all manufactured vehicles to be fully electric would add
a net total of almost 10 million jobs to worldwide employment across all sectors (ibid).

1.2 Electric mobility within Sustainable Ur-
ban Mobility

UN-Habitat advocates for a people-centred approach
to mobility planning and decision making. Electric
mobility must be framed within the New Urban Agenda,
which encourages cities to promote access to safe,
age and gender responsive, affordable, accessible and
sustainable urban mobility and land and sea transport
systems for all. The integration of transport and mobility
plans into comprehensive urban and territorial plans and
the promotion of a wide range of transport and mobility
options enables meaningful participation in social and
economic activities in cities and human settlements.
Transport development is not a standalone process, and is
closely linked with urban development and land use. While
supporting the uptake of all types of electric vehicles is
vital for the transition to low-carbon transport technology,
efforts to do so should not be carried out at the expense
of investments in public transport, walking and cycling
infrastructure investments.

Electric mobility needs to be implemented in the overall
context of better and more compact urban planning
and in a balanced Avoid-Shift-Improve scenario, with a
particular focus on accessibility and urban liveability.
Achieving low-carbon transport and fostering sustainable
urban development includes the avoidance or reduction of
motorised journeys through compact urban design, shifts
to public transport and non-motorized transport (primarily
walking and cycling), the uptake of improved vehicle and
engine performance technologies including low-carbon
fuels, investments in related infrastructure, and structural
changes to the built environment (Figure 2).

Electric mobility is primarily an “Improve” strategy,
enhancing vehicle energy efficiency. In addition, electric
mobility can also contribute to the “Shift” pillar through two
mechanisms:

1. In relation to the “Shift pillar”, electric mobility expands
mobility options in our cities, which can have two major
impacts: challenge the status quo and improve last-
mile connectivity to public transport. A range of small,
lightweight and low-speed new electric devices, including
electric bicycles (e-bikes) and kick or e-scooters, can act
as a catalyst for behavioural changes, triggering individual
decisions to move away from the use of private cars.
Electric assistance can increase comfort of travel and is
particularly useful in hilly cities, when transporting goods
or ferrying children on a cargo-bike, or to cover longer
distances in cities with lower density. As such, e-bikes can
also tap into new user groups who may previously not have
felt comfortable using a pedal bicycle. These new options
can therefore act as a “point of entry” to sustainable
urban mobility and modal shift (ITDP, 2019). In addition,
strategically locating charging points for small electric
vehicles - ideally shared - at multimodal hubs incentivizes
connection to mass transit and promotes the integration
of the transport system.

2. Also in relation to the “Shift pillar”, electric mobility can
catalyse investments in clean public transport, stimulating
bus fleet renewal, which will make public transport more
attractive through modern and more silent vehicles. The
electrification of public and shared vehicles fleets is the
more cost-effective option, since these vehicles tend to
drive longer distances and serve a substantially higher
number of people. The transition to bus electrification
needs to be undertaken in a well-considered manner, as
it requires rethinking the system on multiple levels along
the public mobility chain including operations, charging
infrastructure, costs — especially upfront investment costs
-, maintenance, procurement options, as well as training
(see Box 1 information on electric buses in sections 3.1,
3.6 and 3.10). Thoroughly designing the transition and
looking at the local characteristics and needs of the public



transport system is crucial to maintain and improve the quality of services while transitioning: a public transport fleet
might well be zero-emission; yet, if it is perceived to be unsafe, irregular or too costly, it will not be attractive to urban

dwellers.

A sustainable transition should also integrate the “Avoid” dimension of the paradigm (see Chapter I on the principles to

deploy electric mobility).

AVOID

Avoid/Reduce the need
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SHIFT

Shifting towards energy-
efficient transport modes

IMPROVE
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Figure 2: Avoid-Shift-Improve paradigm (UN-Habitat)

Meeting the targets of the Paris Declaration on Electro-Mobility

To meet the targets of the Paris Declaration on Electro-Mo-
bility of a 20% stock share of passenger vehicles (cars,
SUVs and other passenger light-duty vehicles, buses and
motorized 2 wheelers) to be powered by electricity by
2030, a substantial transition has to take place. In partic-
ular, reaching the electrification target of 150 million plug-
in passenger light-duty vehicles (PLDVs) by 2030 (9% of
total PLDV stock) may be challenging, as the need is much
greater than today’s global stock levels of around 10 mil-
lion electric cars (IEA, 2021).

One way to lower these requirements while preserving the
percentage stock targets, is to consider an alternative fu-
ture where urban travel is reoriented toward mass transit
and active transport, primarily walking and cycling, with
less car travel. The Three Revolutions’ or ‘3R’ scenario of
ITDP and UC Davis (Fulton et al., 2017) centres around
electrification, automation and sharing, while encouraging

increased public transport performance and better infra-
structure for walking and cycling. This scenario would al-
low to dramatically reduce the number of vehicles on the
world's roads and, in particular, of private car travel in 2050
compared to a business-as-usual scenario. In this High
Shift scenario, the changes in numbers of electric vehicles
needed (with no changes in their percentage targets) can
be easily calculated. As shown in Figure 3 and Figure 4, in
the High Shift scenario, the total stock of personal vehicles
and required stock of plug-in electric vehicles drops signifi-
cantly. Figure X shows the change just in electric vehicles
that preserves the 20% stock target: 2&3 wheeler plug- in
requirements drop from 350 to 300 million; PLDV plug-in
requirements drop from 150 million to 100 million. Bus
numbers rise somewhat, since there are more buses in the
High Shift scenario. Thus, the High Shift scenario would
provide a similar level of mobility and allow a relaxation of



plug-in vehicle numbers while still hitting the percentage targets. And since the modal shift itself cuts CO2 emissions
significantly, it results in an overall greater level of CO2 reduction than achieved by the electrification in the Base scenario.

1.8 0.60
L4
Lo
€ :i :E 0.40
Bos 3
i 06 E 0.30
g04 £ 0.20

0.2 i

0.0 010

2faw PLDV Bus 2faw PLDV
Base High Shift 0.00
Base High Shift
M All vehicles W Electric vehicles

Figure 3. Base and High Shift scenario comparison of all
vehicle and e-vehicle stocks in 2030 (UEMI, 2017)
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Figure 4. E-vehicle stocks in the Base and
High Shift scenarios for 2030 (UEMI, 2017)

Moving away from the status quo and choosing sustainable pathways

For too long, most cities have prioritized the private mo-
torised vehicle, directing funds and policies towards the
expansion of the road network. Unfortunately, these devel-
opments engender a vicious circle. Expanding roads leads
to urban sprawl, stimulating the use of cars and increas-
ing congestion which, in turn, is often seen as a call for
further infrastructure development. This has resulted in
a range of unintended adverse environmental, social and
economic consequences of urban sprawl, severe conges-
tion, air and noise pollution. Given the emergency and se-
verity of climate change and air pollution, cities urgently

need to embrace a sustainable mobility pathway by mov-
ing away from the priority given to private cars towards a
sustainable and integrated transport system with accessi-
ble, affordable and clean public transport at its heart, and
compact urban planning. This is particularly important in
the context of electric mobility, as the replacement of pri-
vate fossil fuel-driven cars with private electric cars will not
solve current issues of congestion, inefficient and inequita-
ble land use, and poor road safety.



CURRENT SITUATION

Current Situation

Hence, choosing the right pathway to sustainable and
clean urban mobility is critical. This will be particularly im-
portant for cities in low- and middle-income countries, of
which many still have high shares of sustainable modes
of transport, including walking and collective transport, but
are facing soaring private motorisation rates. In order to
meet the mobility needs of citizens while reducing emis-
sions from the transport sector, these cities may benefit
from the experience of other cities that have implemented
sustainability mobility measures. A wide range of mea-
sures has been trialled and implemented, covering tran-
sit-oriented development, improvements to public trans-
port, promotion of active mobility, congestion pricing or

SITUATION WITH ELECTIC CARS

With electric Cars

parking regulations, shared mobility, and innovative busi-
ness models. The UN-Habitat Global Report on ‘Planning
and design for sustainable urban mobility’ (2013) and the
joint UN-Habitat and ITDP publication entitled ‘Streets for
walking and cycling’ (2018) provide key insights into these
sustainable pathways.

Figure 5 shows different mobility patterns, and how devel-
oping cities can leapfrog to a low-carbon pathway with a
limited modal share of motorized private vehicles through
the aforementioned measures, avoiding the rise of the cars
(lowest curves in the figure).
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Figure 5: Choosing a sustainable mobility pathway (Teoh, 2016)

By promoting e-mobility, local governments can act as key
drivers to reduce emissions and air pollution, noise and
stress, while improving public health and accessibility. Yet,
e-mobility on its own is not sufficient to transition to a more
sustainable and low-carbon city: if cities lack compact-
ness, proximity, mixed use, social integration and a resilient
and well-connected transport network, e-mobility solutions
will not achieve their full potential. As the morphology of a
city plays a role in determining its sustainability, integrat-

ed urban and transport planning is a precondition for the
development and provision of alternative and low-carbon
mobility options.

There is compelling evidence for the inverse correlation be-
tween urban compactness and CO, emissions per capita.
Less fragmented and more compact cities emit less CO,
from the passenger transportation sector than cities with
lower population densities (Figure 6).
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Figure 6: Center for Sustainable Systems, University of Michigan, 2079. Pub. No. CSS09-06. (Adapted from UNEP (2008)
‘Kick the Habit: A UN Guide to Carbon Neutrality.”)

E-mobility systems can be more easily and impactfully implemented in more compact cities, as they are optimal for
shorter distances and urban intermodality, combining different types of e-solutions to reach the final destination. In this
sense, the electrification of public transport and shared mobility options including micromobility is a critical decarbon-
ization pathway for urban city centres.

Key takeaways:

7 Electric mobility should be envisaged through the lens of the Sustainable Development Goal 11.2, namely to
“provide access to safe, affordable, accessible and sustainable transport systems for all, improving road safe-
ty, notably by expanding public transport, with special attention to the needs of those in vulnerable situations,
women, children, persons with disabilities and older persons” by 2030.

7 Electric mobility is key to decarbonize the transport sector and cannot be envisaged without improved urban
planning or integration with measures shifting transport towards improved public transport and active mo-
bility.



1.3. Integrating a diversity of electric vehicles in cities

Cities are increasingly active in the support of transport
electrification. Chinese cities such as Shenzhen have been
pioneers in implementing ambitious electric mobility poli-
cies; an increasing number of cities including London, Am-
sterdam, Stockholm, Tokyo, Victoria, Oslo, Paris, San Fran-
cisco, Barcelona, Delhi and Quito have already designed
policy frameworks to stimulate transitions to electric mo-
bility (see sections 3.1 and 3.2 on planning and policies).

It is essential to understand that, in order to establish a
successful e-mobility system, different e-mobility solutions
need to be integrated into one coordinated system. These
solutions encompass electric commuter trains, electric

buses and shuttles, cable cars, a wide range of electric
two- and three-wheelers including electric bicycles, e-cargo
bikes, e-scooters, as well as electric taxis and shared cars,
and electric urban delivery trucks — all supported by an
infrastructure of public and private charging or swapping
points, integrated ticketing, and digital platforms. E-mobil-
ity initiatives should not be deployed in a fragmented and
unimodal manner, creating issues of lacking coordination
and interoperability.

Figure 7 illustrates the great diversity of electric vehicles,
operational modalities and the different parameters to
build an integrated system.
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Figure 7: Key pillars of electric mobility in SolutionsPlus: vehicles, operation and integration (UEMI, 2020)
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Box 3: The SOLUTIONSplus Project
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Safe, affordable, accessible and sustainable transport
systems with public transport as the backbone are key to
achieving liveable, pollution-free and resilient cities, where
all people, including those in vulnerable situations, women,
children, persons with disabilities and older persons, are
able to move independently.

Electric mobility is increasingly being promoted in cities

around the world - and brings with it many opportunities
if designed and implemented well. The following principles
are key to support and guide urban policymakers and plan-
ners in their quest for effective electric mobility solutions,
allowing them to achieve their intended sustainability aims
across climate, air quality, urban development, economic,
institutional and policy dimensions.

2.1 Integrate electric mobility in the context of improved and more compact urban plan-

ning and in a balanced Avoid-Shift-Improve framework

Electric mobility should be implemented in the overall
context of better and more compact urban planning and
in a balanced Avoid-Shift-Improve (A-S-I) framework. This
means that the hierarchy of the A-S-I approach should be
taken into account, starting with the creation of more ac-
cessible and compact urban development (Avoid) that fa-
cilitates e-mobility, followed by the shift to public transport
(improved and electric) under stable funding frameworks
for infrastructures and services, active mobility and shared
mobility (Shift), to then, finally, complement these efforts
by promoting technological advancements (Improve).
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Such technological advancements are necessary but not
sufficient on their own: the replacement of private fossil
fuel cars with private electric cars, for instance, does not
solve problems of urban sprawl, unfair land use, and poor
road safety. On the other hand, incentivizing electrification
of public transportation and shared vehicle fleets (taxis,
rideshare) as well as subsidising the purchase of personal
e-bikes and integrating e-bikes into existing bike-share sys-
tems does improve overall urban liveability.



Box 4: The boom of e-bikes

IN THE FAST LANE

Sales figures of Electrically Power Assisted Cycles (EPAC) compared to new passenger car registrations of alternatively-powered vehicles
{APY) in the EU-28, 2017, 2018 and 2019, in 1,000 units

B Erac [ Electrically-chargeable vehicles ] Hybrid electric vehicles [l Alternatively-powered vehicles other than electric
inchasing ratural ik (NGA), LPG- Rusiee and atharct

5 EROPE AN WOBILITY ATILALS 2001 # CONEESL ACEA

1 Also referred to as Electronically Power Assisted Cycles (EPAC), or pedelecs. When using the terminology of “e-bikes”, this
box addresses this type of pedal electric bicycles, not the scooter-style e-bikes without pedals.
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2.2 Prioritize people and public transport
over private cars

The mobility of people, and not vehicles, should be at the
centre of transportation planning and decision-making for
e-mobility. This is achieved through a fair allocation of the
urban space among various modes of mobility and the es-
tablishment of an efficient and reliable transport system
where public transport forms the backbone, integrated
with walking and cycling and other shared mobility options,
while discouraging the use of private cars and low-occu-
pancy vehicles.
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2.3 Plan and design to accommodate a
rich mix of electric mobility options inte-
grating active and high-capacity modes of
transport

Planning must cater for a range of environmentally friend-
ly choices, prioritizing active mobility, public transport and
shared mobility options. Promoting intermodality between
these modes - and combining the strengths and offset the
weaknesses of each mode - is key, especially between a
dense, well-connected and direct network of walking and
cycling routes to high quality public transport. Fare inte-
gration between public transport and feeder modes is an



important modality increasing the attractiveness of public transportation. To assist the commuters to smoothly inter-
change between modes, intermodal journey planners and Mobility-as-a-Service (MaaS) apps can be introduced to plan
and schedule trips in an integrated manner oriented to the commmuting needs of clients.

Box 5: Electric Buses

New electric bus registrations by country/region, 2015-19

0.0
India Europe South America North America Others

02015 @2016 2017 @2018 02018

|IEA 2020. All rights reserved.
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2.4 ldentify opportunities for multimodal transit hubs through the strategic location of

electric mobility charging infrastructure

Rolling-out electric mobility requires the deployment of an
adequate public charging infrastructure, which is one of
the main challenges to the uptake of e-mobility in cities.
This requires knowledge of electricity generation capacity,
transport demand, land availability and e-mobility uptake
projections.

The question of where to locate this infrastructure offers
the opportunity to rethink transportation infrastructure. Cit-
ies should support the creation of intermodal transit hubs
enabling seamless connectivity between mass transit and
feeder services, as these increase the attractiveness of pub-
lic transport. Transit hubs can act as suitable locations for
the charging of different electric mobility vehicles, includ-
ing e-buses, e-taxis, and electric two- and three-wheelers,
especially when provided on a shared or taxi basis. Transit
hubs could also be suitable places for battery swapping
stations, enabling exchange of depleted batteries in a few
minutes, particularly where shared, time-sensitive mobility
providers are operating (see section 3.6. Charging). Be-
sides being a place for vehicle public charging, these hubs
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could service as attractive places with diverse functions,
activities and uses. Offering the opportunity to engage in
other activities such as shopping or cultural events, while
vehicles are charging, would enhance the attractiveness of
electric mobility.

Figures 11 and 12 show potential scenarios of multimod-
al hubs in different contexts and with different vehicles,
where exchanges between public, private and commercial
(taxi) modes are facilitated and with an integration of elec-
tric mobility in the urban realm. Adequate space is provid-
ed for public transport, with reserved street lane and BRT
stations, as well as bike lanes and bike racks; surrounding
non-motorised transport infrastructure is improved, with a
focus on safe walkways. Solar panels capture solar energy
to supply charging stations suited to a variety of electric
vehicles, on top of the electric grid. Spaces for social and
economic activities, such as markets, are integrated within
the mobility systems to increase attractivity of public trans-
port and space.



@) Etectric bus vehicle €D Erectric car sharing / taxi service
o Bus $top with solar panels a Parking far private eletric cars

€} esecrric underground rain ) solar panels to charge electric mability
© Esectric sharing kick scoater service
£ Train station for extra urban connection

) shared elecuic bicycies and e-cargo bikes /
parking for peivate bicycles and e-bikes

,

Fig. 17 Multimodal hub, Example 1 — Integration of railways, underground electric buses, electric kick scooters, shared

electric bikes, electric car taxis (UN-Habitat)

19



‘ N | f‘\)‘f{

0 Blectric bus vehicle ) charging station for electric motorbikes \‘\h./)/__ Y 3 By
"-._ "::f.:h. Y

© &1 station 0 sotar panels 1o charge electric moblity A P N
1) pubic parking for bikes and cargo bikes () Zebra crossing for walkable neighbourhoods "xl‘.. ‘\,I |5 &8 (/
O ey © e - N

| @) Crarging station for skectric tuk tuk
| ) Swapping station for ekectric batteries

Fig. 12 Multimodal hub, Example 2 - Integration of electric Bus Rapid Transit (BRT) services, bicycles and e-bike parking,
electric tuk-tuks and motorcycles with improved pedestrian infrastructure (UN-Habitat)
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2.5 Design an integrated transport policy approach seeking synergies between national

and local measures

All available mitigation options are required to bring the
transport sector on a 2° Celsius stabilisation pathway, in-
cluding vehicle fuel efficiency, modal choice and compact
urban design among others, in line with the Avoid-Shift-
Improve framework (Lah, 2015). Efforts should cover all
transport modes and require the involvement of national
as well as local levels of government. As the uptake of
low-carbon transport solutions has been lagging behind its
potential, due to the existence of numerous hurdles among
which the initial-cost barrier (see the introduction of Chap-
ter 3 on typical barriers), a vital element for transport de-
carbonisation is to design an integrated policy package.

Planning
&8

Infrastructure

Urban Living Labs
(niche innovations, public
and private)

Regulatory

Information

Avoid & reduce towards energy’
efficient transport modes

Adoption of individual solutions
(local, national, businesses)

Shifting towards energy Improving the efficiency
efficiency transport modes of the technology

This multi-modal, multi-level sustainable transport pack-
age should tackle all elements of the Avoid-Shift-Improve
paradigm and seek alignment and complementarity be-
tween national and local policies. Integrating national and
local policies is critical to streamline decisions and ensure
consistency in measures targeting sustainable mobility.
Figure 13 shows the critical interlinkages between system-
ic pillars as well as between local and national measures
by highlighting some of the key interventions at the local
and national level addressing system efficiency, trip effi-
ciency and vehicle efficiency.

National
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Figure 13: Key measures in a comprehensive mobility transition strategy (UEMI 2020)

Table 1 gives a non-exhaustive overview of possible measures of both national and local measures, which are further
detailed in Sections 3.1 and 3.2 on policies targeting electric mobility.
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Table 1: Elements of a multi-modal, multi-level sustainable transport package and their complementarity

(Lah, 2019)

National Measures Complementarity of measures Local Measures




2.6 Build cross-cutting institutional cooperation

Similar to other sustainable transport policies, the devel-
opment and implementation of an e-mobility strategy re-
quires an integrated approach with cooperation and con-
sultation between the different levels of government and
relevant authorities.

This integrated planning needs to be carried out at two lev-
els. At a horizontal level, coordination across different gov-
ernmental institutions is crucial to ensure that targets and
policies are aligned. Electric mobility impacts a broad range
of sectors, namely transport, energy, industry, finance, envi-

ronment, urban development, education and research. At a
vertical level, alignment of strategies developed by national,
regional and local authorities is similarly critical to ensure
consistency. National governments have to bring forward
enabling policies, regulatory frameworks and modulate fis-
cal instruments in order to facilitate a transition to e-mobil-
ity on the local level, for instance through fuel, import, VAT
and electricity duties and charges. Sections 3.1. and 3.2. of
this document detail policies which can be implemented at
different levels and planning processes.

2.7 Engage with all relevant stakeholders across multiple sectors, strengthen public-pri-
vate partnerships and create co-ownership of the transition

E-mobility is characterised by a particularly extensive
range of stakeholders from the transport, energy, envi-
ronment, urban development, industry and health sec-
tors. To implement successful e-mobility programmes,
participation in the design of e-mobility solutions must
be encouraged and stimulated with a systemic approach
among transport operators, grid operators and energy pro-
ducers, utility companies, original equipment manufactur-
ers (OEM), urban residents, businesses, shops, academia,
mechanics, and other stakeholders who may be directly or
indirectly involved in or impacted by a transition to e-mo-
bility. As situations vary depending on local contexts and
transport modes involved, an ad-hoc mapping of relevant
stakeholders is a prerequisite to any e-mobility policy. Dif-
ferent sectors should understand e-mobility as a contribut-
ing element to their policy objectives, such as air pollution,

climate strategies or local economic development. In more
advanced e-mobility programs, governments are finding a
role in supporting industry innovation, targeting both emis-
sions policy and industrial policy with the specific aim of
creating jobs and developing domestic industry.

Participatory planning makes public acceptance and sup-
port more likely and thus minimises risks for policymakers.
Government needs to bring forward enabling regulatory
frameworks and provide incentives to the private sector to
engage in electric mobility. Citizens and stakeholders can
not only contribute to the design of policies, but also im-
plement policies: they will be the ones (co-)owning electric
mobility assets (i.e. vehicles and charging infrastructures)
and/or using (shared) electric mobility services.

Box 6: Two illustrations of multi-stakeholder e-mobility cooperation
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Box 7: Working with innovators to promote electric mobility: un-habitat’s experience




2.8. Promote equity and inclusion in the
deployment of electric mobility

Equitable and inclusive e-mobility solutions that meet the
needs of diverse users must be promoted, with particular
attention to people with disabilities, women, the elderly and
children. Physical, financial and digital access to electric
mobility should be ensured by carefully designing these
options. For e-mobility planning and implementation to be
inclusive and socially sustainable, the benefits and costs
of transport and travel services (mobility) and the spatial
organisation of facilities and services (geographic acces-
sibility) should be equally and equitably distributed across
the urban society (Grieco, 2015). An increase in the adop-
tion of e-mobility should not amplify existing inequities and
inequalities in accessibility. Shared systems offering light-
weight electric vehicles such as e-bikes, are one strategy to
address the affordability issue of electric vehicles, possibly
including discounts for low-income users.

In developing contexts, paratransit and semi-formal trans-
port operators should be involved in the design and imple-
mentation of e-mobility projects. As charging infrastruc-
ture will need to be deployed, e-mobility allows to rethink
approaches to paratransit waiting and parking spaces that
may be neglected in urban planning. In addition, the ques-
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tion of the total cost of ownership of electric mobility is crit-
ical: while electric vehicles are more expensive to purchase
(higher upfront investment costs), they also have lower
operational and maintenance costs, depending on local
parameters such as fuel and electricity costs. Business
models that remove the risk of the transition for transport
providers should be encouraged and supported: one possi-
ble scheme is leasing or renting out batteries or vehicles to
the driver or operator, instead of selling them (see section
3.10 on innovative business models). Such schemes are
key to facilitate the transition and possibly translate the
electric vehicles’ lower running costs into increased driv-
ers’ earnings.

Furthermore, e-mobility projects can be used as an oppor-
tunity to proactively promote and strengthen the role of
women. Some e-mobility initiatives already include a stron-
ger women involvement as drivers and entrepreneurs, for
instance the Safa Tempos in Nepal, or the Mobility for Af-
rica start-up in Zimbabwe. Gender-sensitive policy design
and implementation are essential for the successful tran-
sition to a low-emission transport sector. Programs should
explore options and work with policymakers to integrate
gender considerations into e-mobility, aiming to increase
the participation of women in various segments of the
transport value chain.
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Figure 14: Emission reduction from the electrified transport sector in 2050
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Box 8: Safa Tempos: Women-led electric three-wheelers in Nepal

In the 1990s, a fleet of electric tuk-tuks emerged in the Kathmandu valley, following the ban of diesel-powered
three-wheelers. A successful example of public transport electric vehicles, these tuk-tuks - continuously operational
since 1996 - use a system of battery swapping, travelling 100-120 km per day with 2 sets of lead-acid batteries. Re-
markably, women drove the development of these vehicles named ‘Safa Tempos’, both as entrepreneurs and drivers.
At the start of the project, a group of seven women purchased and ran vehicles. Today, 210 women own and operate
their own Safa Tempo business, with more than half of drivers also being female (UITP, ESMAP and World Bank, 2020).

Within the SOLUTIONSplus programme, which supports innovative and integrated electric mobility solutions world-
wide funded under the European Union's Horizon 2020 programme, the Safa Tempos system will be modernized,
introducing fast charging and switching to lithium-ion batteries

WEL COME

Source: UNEP (2020)



Box 9: E-mobility for all: Equity and Inclusion

There are several linkages between electric mobility and equity. Firstly, the reduction of air pollution enabled by electric
mobility can have a socially beneficial and environmental justice impact: emissions from the transportation sector
have historically disproportionately impacted low-income communities, often residing closer to pollution sources while
possessing fewer private vehicles (Mitchell and Dorling, 2003). Secondly, it is critical for cities to place equity and af-
fordability at the center of electric mobility deployment programs to ensure that these are rolled-out in an inclusive way.

In the United States, Forth, a non-profit trade association founded in 2011 with over 180 members, is advancing the
use of smart transportation to move people and goods in a more efficient, cleaner, and equitable way. Forth recognizes
that past transportation policy has often reinforced inequality and prioritizes bringing clean transportation options to
historically underserved communities. Sample work includes:

- community-based needs assessments to design electric mobility projects fitted to their needs, through part-
nerships with trusted community-based organizations and leaders focusing on capacity building, funding,
and reinforcement of the expertise of community-based organization staff to engage on mobility issues,

- an electric carsharing program in a low-income neighborhood,
- ashared electric bike program,

- aproject demonstrating how electric vehicles can strengthen senior services and save money for communi-
ty-based organizations in low-income communities,

- an assessment of city practices that center equity in electric mobility programs, and a program that brings

environmental and equity groups together.

Learn more at forthmobility.org/about/equity

Carsharing pilot in California (Forth, 2020)
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2.9 Promote the use of renewable energy sources and move towards a zero-emission

future

A clean energy mix is a precondition for a successful tran-
sition towards a zero-emission future. Rapidly reducing
the carbon intensity of power generation by increasing the
share of renewable energies is paramount to maximise cli-
mate and air quality benefits of electric mobility.

Over the past decade, renewable energy cost reductions
coupled with innovation and enabling policies, have paved
the way for the growing capacity additions and invest-
ments, which have been driving the process of global ener-
gy transformation (IRENA, 2020a). Since 2009, the global
installed renewable power generation capacity has dou-
bled, largely driven by variable renewable energy sources
such as solar photovoltaics (PV) and wind power (IRENA,
2020b). By 2018, more than a quarter of the total electricity
generation was from renewable energy sources. Thanks
to continued decline of their costs, the share of renewable
electricity in the total generation is expected to increase to
90% by 2050 as part of global measures to limit the global
temperature rise below 1.5 °C (IRENA, 2021).

Countries across the globe are picking on the development
of renewable electricity generation and are also accelerat-
ing the deployment, which benefit the transition of other
sectors. Germany provides an inspiring example: the share
of renewables has contributed to approximately 56% of the
total net electricity generation for the public power supply
in the first half of 2020 in the country — the new record
representing nearly a tripling in share comparing to that of
19% about one decade ago — thus providing the potential
to decarbonise other sectors, such as the transport sec-
tor (Fraunhofer ISE, 2020; Eriksen, 2020). In 2020, global
EVs sales, with 3.2 million units, accounts for 4.2% of the
global total, representing a 43% increase from 2019, even
in a difficult situation affected by the COVID-19 pandemic
crisis. To some extent, this is attributable to the 24% drop
in cost of battery packs and cells for EVs over 2018-2020
(IRENA, 2021).

The rapid increase in shares of EVs in the total car sales
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will eventually change the global landscape of transport
sector, which will also be steadily integrated with the pow-
er sector on a pathway toward a decarbonised sector.
By 2030, electric vehicles could reduce GHG emissions
by two-thirds compared with conventional vehicles in a
scenario with higher penetration of renewables, versus a
50% reduction in a less ambitious scenario (IEA, 2020b).
IRENA's World Energy Transitions Outlook projected that
the stock of electric cars would reach 380 million over the
same time period, representing a 38-fold increase from
today’s level, and by 2050 reach 1,780 million, in addition
to 28 million electric trucks. Electric vehicles would meet
more than 80% of the total road transportation demand by
2050, while avoiding the emission of 3.4 GtCO, annually as

shown in Figure 14 (IRENA, 2021).

The transition to e-mobility is part of the overall energy
transition strategy to achieve the net-zero target by 2050,
which will work only if electricity for charging EVs is gen-
erated from renewable and other emission-free energy
sources. In return, EVs with smart charging could contrib-
ute significantly to enhance the grid flexibility that would be
needed in accommodating high shares of variable renew-
able energy sources such as solar PV and wind (IRENA,
2019) (see Section 3.14 on Vehicle-to-Grid). This requires a
concerted cross-sectoral planning process to ensure sys-
tem integration and inter-operationality among different
sectors at various levels including the national, regional
and city levels. Wherever applicable, renewable-based de-
centralised energy systems that can be deployed locally in
and around cities should be given priority. This would not
only minimize the transmission losses but more impor-
tantly create local economic activities and job opportuni-
ties, while at the same time enhancing climate resilience
when systems are coupled with an array of supporting
technologies including smart charging with EVs, intelligent
energy management systems and other sector-coupling
devices (IRENA, 2020c).



2.10 Provide adequate access to information on electric mobility to users

The lack of information and awareness are frequent bar-
riers hindering the uptake of e-mobility, since consumers,
policymakers and vehicle manufacturers are often not fully
aware of the environmental and economic benefits related
to electric mobility.

The access to and use of e-mobility options can be facili-
tated by providing users with regular and accurate informa-
tion on the benefits of e-mobility, locations of charging and
battery swapping stations, and the availability of shared
mobility options, among others. Alongside communication
events or workshops, MaaS applications and other digital
platforms are convenient tools to inform and communi-
cate with citizens. To avoid the exclusion of low-income

population groups which may not have access to smart-
phones or bank accounts frequently required to use shared
systems, alternative modalities to provide information and
rent vehicles— for instance, cash payment options - can
be additionally provided, alongside reduced tariffs (ITDP,
2019).

Communication about the benefits of e-mobility should go
hand in hand with raising public awareness on air pollution
- including via local measurements of air quality - and its
health impacts. Measurements will also support the iden-
tification of the critical modes to be electrified with priority.
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CHAPTER 3:

KEY DIMENSIONS OF ELECTRIC
MOBILITY ON A CITY SCALE




Electric mobility is an opportunity to reshape the city, as it
introduces new mobility options, requires planning the in-
troduction of charging infrastructure points, and prompts
innovative approaches to promote the use of electric ve-
hicles. Successfully transitioning to sustainable electric
mobility implies strengthening cooperation between pol-
icymakers, urban planners, mobility, energy and industry
players, transport users and urban communities, as well
as aligning policies.

An increasing number of cities across the world have inte-
grated or are considering integrating electric mobility with-
in their transport, energy and urban planning strategies.
This undertaking may appear challenging given the extent
of dimensions deeply impacted by electric mobility. Hence,
this chapter aims to attract the attention of urban public
authorities and stakeholders to key dimensions to consider
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when implementing electric mobility.

Transitioning to electric mobility means overcoming a
number of barriers relating to policy, regulatory and insti-
tutional, technical, financial, as well as behavioural and
knowledge aspects, summarized below in figure 15. One
of the most pressing obstacles to the widespread market
penetration of energy efficient products is the investment
barrier. Various studies indicate that GHG reduction mea-
sures in transport have quite favourable abatement costs
but need higher capital intensity than many measures in
other sectors (Lah, 2015). Even though over the lifetime of
a vehicle, these investments lead to considerable econo-
my-wide benefits, they may not create sufficient payback
rates for consumers ultimately responsible for vehicle
purchasing decisions, who often do not take into consid-
eration cost-savings from fuel efficiency beyond 2-3 years.
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Figure 15: Overview of some key barriers hindering the development of electric mobility

Similar challenges to the uptake of electric mobility may be
found across locations; however, a thorough assessment
of local challenges and needs, transport characteristics
and business models should be undertaken before adopt-

32

ing any policies. This chapter thus describes common
challenges faced when designing and rolling-out e-mobility
solutions, and provides some answers.



Box 10: Tools and platforms to support cities in implementing e-mobility,

INTEGRATED POLICIES TO MAINSTREAM ELECTRIC MOBILITY

3.1 Urban planning and management tools at local level

As more cities realise the advantages that clean mobility
can bring to sustainable urban development in areas such
as local economic development, integrated transport, so-
cial integration and urban health, there is a need to ensure
that e-mobility is included as part of urban visions, plans
and strategies.

Cities can make use of five types of interlinked policy in-
struments to facilitate the uptake of e-mobility and steer it
in the most sustainable direction: planning, infrastructure,
fiscal, institutional and communication. The table below
identifies the most relevant urban planning instruments to

achieve the integration and implementation of e-mobility in
cities (table 2). It also provides a non-comprehensive list of
tools utilized to roll out e-mobility in cities in a coherent and
organized manner, taking advantage of the existing plan-
ning and legal frameworks. Urban planning and urban plan-
ning instruments such as mobility plans, land use plans,
local area plans, and development contracts are being uti-
lized as the main means to achieve this integration, as well
as to manage the different e-mobility initiatives expanding
the mobility alternatives in our cities from the public per-
spective.
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Table 2. Local policy instruments to favour the uptake of e-mobility

City Scale

Planning and infrastructure
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Institutional and regulatory
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Communication
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Box 11: Planning electric mobility: Practical steps to undertake in a SUMP logic
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Table 3. Details of the steps of a SUMP and how they relate to specific e-mobility activities, as well as the principles
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for e-mobility developed above (Polis and Rupprecht Consult, 2019).

Sub-steps and implications for e-mobility

Principle 2.6 to cooperate across institutional
boundaries

Principle 2.7 on broad en-
gagement with stakeholder and 2.8. on equity and inclusion

= Milestone: analysis of problems and opportunities concluded
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Principle 2.7. on Avoid-Shift-Improve and 2.3. on planning for a rich mix of e-mobility
options

Principle 2.8. on equity and inclusion

Principle 2.4. Identify
locations and promote multimodal hubs and 2.8. on equity and inclusion

= Milestone: Vision, objectives and targets agreed

= Milestone: SUMP adopted




Principles 2.8. on equity and
inclusion and 10 on adequate access to information on electric mobility to users
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Box 12: Low emission zones
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Box 13: Urban road rolls, congestion charges

http://urbanaccessregulations.eu
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Box 14: Parking Management

http://civitas.eu/content/pricing-and-monitoring-policies-parking

3.2 National policies supporting low-carbon urban mobility

As highlighted in Principle 2.5, "Design an integrated trans-
port policy approach seeking synergies between national
and local measures”, vertical cooperation between nation-
al, subnational and local levels of public institutions, as
well as alignment of public policies, is a vital prerequisite
to foster the uptake of electric mobility and ensure its de-
velopment under sound conditions. In addition, horizontal,
cross-cutting cooperation must be organised, as transition-
ing to electric mobility requires the involvement of trans-
port, energy, environmental and industry stakeholders.

National authorities have a crucial role to play by setting
targets for the penetration of electric vehicles, legal and

42

financial incentives, as well as technical standards, with
a specific focus on interoperability. A combination of
fuel pricing and removal of fossil fuel subsidies, as well
as differentiated vehicle and emission taxation, can help
boost energy efficiency in the transport sector - and steer
the purchase and deployment of electric vehicles. These
measures, together with the provision of modal choic-
es and compact city design, support the shift towards a
more energy-efficient transport system. Table 4 displays a
non-exhaustive list of policies which may be taken at na-
tional level, having an impact on the urban implementation
of e-mobility.



Table 4. National policy examples that support the uptake of e-mobility at the city scale

Sector Policy Example

General framework
(standards, fiscal instru-
ments)

Vehicle fuel efficiency standards, aiming to safeguard a supply of efficient vehicles and
to curb the level of fuel consumption throughout the vehicle fleet, providing certainty to
manufacturers in order for them to invest in new technologies

Fuel taxes and excise duty rates, which ought to be set at a level that internalises external
costs (e.g. from GHG emissions), impacting travel demand, vehicle technologies, fleet fuel
consumptions and CO2 emissions

Differentiated vehicle taxation, based on fuel efficiency and/or CO2 emissions, in order

to guide consumer demand (e.g. vehicle registration, purchase taxes, and/or feebate
schemes). For instance, circulation taxes, a typically yearly charge, can be calculated ac-
cording to cars’ fuel economy (CO, emissions, engine size or power-to-weight ratio). High-
er taxes can be placed on the purchase of less efficient vehicles, and feebate schemes
can enable rebates for higher efficient vehicles.

Electric Vehicle

National targets for EV penetration with a corresponding timeline

Technical standards covering aspects of safety, operation, test procedures and perfor-
mance of different EVs (see below for charging standards)

Clarifications of rules on the use of EVs (e.qg. for light electric vehicles: maximum speeds,
driving age, use of helmets, circulation, parking)

National framework enabling financial incentives (e.g. direct subsidies, loans and grants,
tax breaks on purchase and insurance, reduced VAT, exemption of registration charges or
annual circulation tax, company car tax exemptions etc.)

Support for local manufacturing of parts including batteries; decrease of import tariffs for
EVs and parts (balance to be found between both measures)

National framework allowing low-emission zones; registration charges and bans for pet-
rol/diesel cars in inner city areas; planned progressive phase-out of fossil-fuel vehicles;
requirement of only new electric ride-hailing vehicles etc.

Support the introduction of new e-buses or retrofit of conventional vehicles with an elec-
tric powertrain, for instance through PPPs, financing pilots, co-investing in the charging
infrastructure

Subsidies for electric two- and three-wheelers, support of innovative rental or leasing
models

Foster research and development and promote enabling regulations for innovative shared
electric mobility modes, such as cable cars and electric taxis

Funding to support the uptake of e-bicycles and e-cargo bikes

Battery

National government invest in private tech sectors to develop local battery supply chains;
development of EV clusters

Government-led R&D centre to deliver innovations to support battery industrialisation

Support vehicle-to-grid innovation where electric vehicles are used to supply electricity to
the grid at times of high energy demand

Support and facilitate battery end-of-life management by encouraging repurposing EV
batteries into a second life (energy storage) and refurbishing old electronics into new EV
batteries; national Extended Producer Responsibility policy to increase collection rates
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EV Charging Infrastruc-
ture

Establish uniform charging and payment standards, including rules on socket standards
and minimum requirements for public charging stations

Clarification of responsibilities and obligations to provide connection, as well as the pro-
cedure for connection

Amendment of construction laws/building code to integrate charging infrastructure in
new developments

Provide funding for the establishment of public charging hubs (possible swapping) in key
strategic, community, or urban locations

Support the charging infrastructure uptake by providing taxation exemptions for charging
services, e.g. lower electricity tariffs for EV charging/swapping stations; clarifying the
regulatory framework applicable to charging stations

Box 15: National Urban Mobility Policy (NUMP)
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IMPLICATIONS FOR PLANNING OF E-MOBILITY ON DIFFERENT URBAN SCALES

3.3 New urban mobility options through e-mobility

Reshaping mobility options

Electric mobility provides an opportunity to reshape user
patterns and sustainable mobility opportunities through
the introduction of new and innovative vehicle types, such
as electric bicycles or standing e-scooters, possibly acting
as a catalyst to replace car trips. Studies have shown that
owners of e-bikes reduce private car trips more than other
user groups, are more prone to switch to non-motorised
transport and increase their distances cycled for daily trav-
el (Fyhri and Sundfgr, 2020).

In addition, these services can provide first and last-mile
connectivity and reinforce the backbone role of public
transport. Innovative electric vehicles can also address the
needs of delivery businesses that are increasingly contrib-
uting to transport emissions in cities (further information
in Section 3.10).

Yet, a set of barriers still hinders the development of elec-
tric bicycles. Affordability is one aspect, as upfront and
charging costs can be a significant hurdle for low-income
groups, as well as in low- and middle-income countries
(ITDP, 2019). Shared systems (see below) may offer an al-
ternative option. Yet, they also need to be available outside
high-income neighbourhoods where dockless e-bikes tend
to be concentrated. Another barrier concerns national reg-
ulatory frameworks, as e-bikes are sometimes assimilat-
ed to motor vehicles, necessitating registration, license or
insurance. These administrative barriers may discourage
potential users and obstruct mass adoption. Another cave-
atis that countries do not always properly consider e-bikes
when talking about electric mobility, hence not including
incentives such as reduced import taxes for bicycles.

Finally, a safe cycling infrastructure is a critical dimension
to consider in order to reduce crashes and injury. In the
past, failures to develop this infrastructure have prevented
a mass uptake of active mobility at times where cycling
was gaining popularity, for instance in the 1970s in the

United States (Furchgott, 2021; Sisson, 2017).

Shared vehicles

E-vehicle sharing services, which emerged in major cities
in the early 2000s and have grown worldwide over the
past decade, allow members to borrow electric scooters,
e-bikes, electric mopeds or electric cars on a short-term
basis and can reduce the effects of climate change while
increasing access to jobs, resources, and raising overall
quality of life. The economics of electric vehicles, with
higher investment costs but lower operational and mainte-
nance costs, favour sharing vehicles. Within a sharing sys-
tem, the user gets access to an EV without having to bear
the high purchase costs. Sharing electric schemes are
on the rise: Figure X shows the growth of passenger trips
undertaken by using shared systems (e-scooters, e-bikes,
conventional bikes) in the US between 2013 and 2018.

Alongside the rise of privately owned e-bikes, mentioned
earlier in the publication, shared systems including electric
bicycles are growing as well, though at a slowly pace. Ac-
cording to ITDP (2019), less than 60 of over 1,600 public-
ly financed bikeshare schemes across the world offer at
least 100 e-bikes, and less than half of those are full e-bike
systems. The impact of electric bikeshare systems, as well
as patterns of modal shift induced by bikeshare systems,
have been less researched than privately owned e-bikes
(Bourne et al., 2020).
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Box 16: Examples of shared e-bikes systems
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Box 17: Lightweight electric vehicles in China

Box 18: Another type of innovation: cable cars
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3.4 E-mobility and neighbourhoods

With increasing urban populations alongside the need to
adapt to sustainable transport strategies, there is bound
to be a shift in the way neighbourhoods are operation-
alised. The uptake of electric mobility is changing neigh-
bourhoods through new vehicles and devices, as well as
charging infrastructure. The demand for infrastructure will
vary from one area to another based on the demand and
speed of uptake of electric vehicles. Including e-mobility
considerations at the granular level of the neighbourhood
will give policymakers a clear perspective of the actual
mobility demand in a particular neighbourhood. This will
enable them to better respond to people’s needs and at the
same time promote the acceptance of e-mobility interven-
tions by local citizens. Involving neighbourhood actors (e.g.
residents, communities, businesses) is a significant aspect
to consider when planning electric charging infrastructure
deployment, such as in the London Low Emission Zone's
stakeholder outreach programmes (ICCT, 2020a).

Specific attention should be given to the seamless inte-
gration of electric mobility and related infrastructure in
the neighbourhood fabric at the local level. Charging infra-
structure, both public and private, requires space, which
can cause conflict with other uses of the public space.
Problematic situations have sometimes been observed in

European cities with cables found running across the pave-
ment between the EV owner’s residence and a parking spot,
for overnight charging purposes and in the absence of off-
street parking. This creates physical obstacles reducing
the inclusivity and walkability of streets, while posing risks
for pedestrians to. In addition, there is a risk of privatisation
of car parking spots for electric vehicles. Hence, regulation
enabling the shift to electric mobility should also ensure
the continued accessibility of streets for all, and especially
those with mobility challenges (e.g. wheelchairs, strollers).
Municipalities have a key role to prevent such situations,
clarify the regulatory framework, preserve walkability and
possibly support innovations such as installation of char-
gers in lamp posts, or via pavement channels not consti-
tuting obstacles.

On a broader city level, equity of distribution between neigh-
bourhoods is a further topic to address. Dockless systems
entail a risk of concentrating devices and charging infra-
structure in wealthy neighbourhoods with high demand.
This concentration of demand and supply entails a pos-
sible inequitable distribution. Cities may therefore require
providers to ensure minimal levels of services in areas with
lower demand (ITPD, 2019).
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Pictures: Diversity of modes and integration in neighbourhoods (from top to down and left to right, Jelbi app and stations
for shared electric seated scooters, e-kick scooters and bikes in Berlin (Germany), electric car-sharing service in Singa-
pore, e-bikes in Amsterdam within the eHUB project)

3.5 E-mobility, health and public spaces

Transportation represented 23% of energy-related CO,
emissions in 2010 (IPCC, 2014), and significantly contrib-
utes to air, and noise pollution which have direct and cu-
mulative adverse human health effects. According to the
WHO (2014), annually, there are 7 million premature deaths
due to air pollution. On the contrary, electric vehicles do not
produce exhaust emissions, and can therefore be consid-
ered as environmentally and human-health friendly. As
electric vehicles substitute fossil fuel vehicles, nitrogen ox-
ide (NO,), particular matter (PM) and sulfur dioxide (SOE)
emissions are reduced, and urban air quality is improved.

In addition, electric vehicles produce significantly less
sound. This decreases the amount of ambient noise in cit-
ies even during peak hours of circulation of these vehicles
on the streets. Alongside noise reduction, electric vehicles
can also improve rider and driver comfort, thereby reduc-
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ing stress levels. A study done by LEVC (2018) revealed
that electric vehicles not only cut drivers’ fuel costs and
help improve air quality, but also reduced stress behind the
wheel. Monitoring brain activity of drivers of both electric
and diesel taxis revealed that drivers of the new electric
taxi were found to be more focused and calmer compared
to the diesel ones. The concerns about the quiet nature of
electric vehicles, potentially posing danger to other road
users, in particular pedestrians, are gradually being re-
solved through the integration of acoustic vehicle alerting
systems (European Commission, 2019).

A further benefit lies in the potential to maintain some lev-
els of physical activity through the use of pedal-assisted
e-bikes, allowing elderly or physically impaired persons to
remain mobile, and reduce risks of cardiovascular illness
(Weiss et al, 2015).



The reduction of air and noise pollution will create more
welcoming public spaces and improve overall urban live-
ability, especially for those groups most exposed and vul-
nerable to their effects, such as the elderly, women and
children. Public spaces also play a vital role in the social de-
velopment of people, from small neighbourhoods to large
cities, and give meaning to communities and urban land-
scapes. They provide a platform where people can interact,
or simply be present in and part of the urban space. Public
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ARTESAM MUSEUM
[MOBILITY SLAND]

spaces are particularly valuable when they are part of an
urban environmental network combining eco-compatible
activities (primarily walking, running and cycling) with the
natural landscape and habitats.

A multiplicity of multi-functional public spaces including
charging infrastructure can be envisaged, based on the
needs and the active engagement of local communities,
as shown in Figure 16.
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Fig 16. Diversity of possible spaces emerging in the wake of e-mobility deployment (Guarrotxena and Orduz, 2020)

Bicycle charging facilities installed near a playground for children can allow parents to charge their bicycles while staying

at the playground.
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Figure 17. E-Mobility and Public Space

Figure 17 depicts how charging infrastructure can be integrated into the neighbourhood layout in connection with local
shops, while taking the opportunity to work on improving public space through additional greenery or seating areas.
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Fig 18. Proposal for charging infrastructure deployment in Pasig, Philippines (Lees and Rony, 2020)

Crucially, decisions on the use of public space should un- if residents are not consulted about whether they support
dergo a transparent process informing and involving res-  this infrastructure deployment. The involvement of citizens
idents. In contexts of scarce space, the deployment of in planning e-mobility charging options and strategies is
charging and parking points for electric vehicles may have  therefore key to ensure acceptability (see section 3.1. on
the capacity to trigger tensions if not well-designed, and  involvement within Sustainable Urban Mobility Plans).
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3.6 Urban Charging Systems

All electric vehicle batteries need recharging, and this re-
quires deploying a charging infrastructure and consequent
investments, either publicly funded by governments or by
private investments (e.g. at non-residential buildings), as
well as stability of the electric grid.

Charging may be undertaken at a wide range of private or
public locations, such as the home, transit stations, park-
ing lots (workplace, residential buildings, retail centers,
eateries, highway exits etc.), lampposts, curb sides, fuel
stations, bus depots, electric utility facilities among oth-
ers. Public charging is particularly useful for those without
home charging capacity, depending on the vehicle type
and living conditions (for instance, light-duty vehicles for
an urban population living in apartment buildings), or in the
absence of stable electricity in residential areas in sever-
al low- and middle-income countries. In tropical regions
with good sunshine, combining it with rooftop solar energy
(photovoltaic panels) is emerging as an interesting oppor-
tunity.

Charging will also vary from one city to another depend-
ing on context-specific needs and conditions, such as the
dominant vehicle type, the battery size and type, the oper-
ational model and the access of urban population to elec-
tricity. To identify relevant charging infrastructure options,
cities must consider at least the following variables: hous-
ing stock, modal split and commuting patterns, dominant
e-mobility technologies, typical driving ranges, opportuni-
ties for decentralised options such as solar energy. There
is thus no ‘one-size-fits-all' charging solution with one cor-
responding type of infrastructure.

Two main systems to recharge batteries exist: charging
or swapping them. Battery charging can be slow to max-
imally preserve the battery capacity (for instance at night),
fast when needing timely recharging during the day, or ul-
tra-fast. Swapping is based on the exchange of a depleted
battery for a charged one, requiring only a few minutes.
This can be done manually or mechanically, depending on
the battery size (IIT Madras and WRI India, 2019). Swapping
has been less widely spread because of challenges relat-
ed to investment costs, standardisation, and the required
amount of batteries. Nonetheless, it is gaining traction in
some contexts with intensive use, for instance for two-and
three-wheelers used as commercial (taxi) vehicles. Busi-

ness models where batteries are owned by energy oper-
ators and rented out to drivers or owners of vehicles, as
is the case with LPG gas cylinders in many countries, are
already successful in India. This addresses the issue of the
high vehicle upfront cost and is particularly relevant for
taxis and ride-hailing services requiring frequent charging.

For electric buses, batteries can be charged at the depot
overnight (slow charging), during the day with so-called op-
portunity charging (en route with pantographs or inductive
charging, or at the end station) or a combination of both.
Further options are available, such as continuous charging
inductive via overhead wire (trolleybus), or swapping (ADB,
2019).

Choosing between different types of chargers does not
only have an impact on the duration of the vehicle immobil-
isation and the use of space, but also on costs of e-mobility
systems and battery lifespan. All options must therefore be
carefully assessed to identify solutions optimally adapted
to the operational, financial and technical local conditions,
especially for buses.

Investing in public charging is instrumental to increase
customer confidence by reducing range anxiety and
to drive the uptake of electric vehicles (ICCT, 2020a). It
presents, however, a significant financial and technical
challenge for public authorities having limited financial
resources. Financing options include public funding, tax-
es levied on household consumers justified by the envi-
ronmental improvements benefitting all, and extra service
fees for owners of electric vehicles (ADB, 2019). Other
pathways include partnering with the private sector to ex-
pand the charging infrastructure or including requirements
for charging to be included in new buildings. Partners can
include local businesses whose sales may be boosted as
customers come for charging, and electric utilities. For
instance, electric utilities in Mumbai have been interested
in installing charging stations in their facilities to increase
business opportunities. The costs of charging stations
have substantially decreased in recent years. For instance,
Amsterdam witnessed a fall of 83% of costs for curb side
charging since 2009 (ICCT, 2017). However, setting up
charging stations involves costs of installation, manage-
ment and maintenance, as well as possible land acquisi-
tion costs. Furthermore, in cities with weak grid, invest-
ment in upgrading grids may be necessary to support rapid
chargers. Project financing may be difficult for developers
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due to use and volume risk, as it is often the case in infra-
structure projects. Models used in telecommunication and
road infrastructure projects could provide for inspiration.

Identifying where to locate priority charging points is a
complex mapping process that should rely on the assess-
ment of multiple criteria, ideally in a consultation process
with energy and mobility stakeholders, residents, and pos-
sibly businesses. In Stockholm, a participatory mapping
exercise brought together city authorities, the grid operator,
the municipal planning department and local businesses.
Depending on the size of the area, participatory processes
and modelling can be either alternative or complementary
to each other. In India, three approaches were identified:
a local knowledge stakeholder approach for small or me-
dium areas, a modelling approach for larger areas, and a
hybrid approach (NRDC, GERMI and ASCI, 2020). Method-
ologies to assess optimal localisation can rely on support-
ing indicators, including operational driving patterns (user
behaviours), user needs, points of interest and activity,
length of stay at these places, the electricity grid network
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and capacity, parking areas, and space limitations, hence
using different methods (Funke et al., 2015; Gkatzoflias et
al, 2016).

In addition, a ratio of a number of public chargers need-
ed per electric vehicle can be set, based on the expected
growth of electric vehicles and access to home charging.
For instance, in countries with important access to
charging in residential or office buildings (e.g., California),
fewer public chargers will be required. This differs for cit-
ies with limited private parking, such as the Netherlands,
requiring then more public chargers (lower ratio of electric
vehicles per charging point). It is key to monitor the growth
in electric vehicles, to avoid potential mismatch between
demand for charging services and availability of chargers.
The type of charging (low, rapid, ultra-fast, swapping) can
also vary substantially across cities, depending on needs
and vehicles. This variability can be seen in the selected
top 25 electric vehicle capitals in 2019 in figure 19 (ICCT,
2020b).
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Figure 19. Public charging infrastructure deployment in selected electric vehicle capitals in 2079 (ICCT, 2020b)
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Finally, clarifying the legal requirements applying to
charging infrastructure and adopting technical standards
for this infrastructure is paramount to build trust in stake-
holders and users, as well as facilitate its uptake. For in-
stance, in 2018, the legal framework was adapted in India
to clarify that setting up charging stations does not re-

quire a license under the 2003 Electricity Act (IIT Madras
(CBEEV) and WRI India, 2019). Interoperability is a further
key aspect to facilitate uptake, to possibly mutualise costs
between operators and to increase convenience and confi-
dence in the system.
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Figure 20. Electric three-wheeler at a battery swapping facility in Chandigarh, India (Ranjan, 2020)
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Box 19: Urban Charging Systems: The case of the united kingdom

3.7 Multimodal e-mobility hubs

To support modal shift toward public transport, cities
should use the opportunity of e-mobility projects and
consequent deployment of a charging infrastructure to
strengthen multimodality and intermodality (Knese, 2015).
Intermodal hubs provide a focal point in the transportation
network that integrates different modes of transportation,
multimodal supportive infrastructure, and placemaking
strategies. Interconnection is at the heart of a multimod-
al electric mobility hub. For it to function successfully, it
must consider the charging and parking needs of a variety
of electric two-, three- and four- wheelers (shared or not)
to be integrated into an electrically powered mass transit
system such as electric buses.

Mobility hubs incorporate a diversity of public spaces, rang-
ing from plazas, parks, courtyards, and landscaped seating
areas that are visible and accessible from the street and
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transit station. In addition, the hub would need to interact
with placemaking functions, such as attractive walkability
and public spaces that invite staying while providing op-
portunities for leisure, enjoyment or shopping during e-ve-
hicle charging time. The hub can also be a suitable location
for charging or swapping stations, connected to grids and
possibly using roofs on the hub for solar panels providing
energy for the adjacent e-vehicle charging facilities. Such
roofs also provide shade, an increasingly important com-
ponent in a context of climate change and urban heat is-
land effects. In addition, work should be undertaken to im-
prove non-motorized transport facilities (cycle lanes, safe
walkways) to ensure seamless connectivity. Repair shops
for bicycles could also be situated in the vicinity to further
support connectivity between mass transit and cycling.



Figure 21. Improving public space, cycling and walking infrastructure while deploying electric mobility hubs as proposed in
Quito, Ecuador (Guarrotxena and Orduz, 2020)
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Innovative vehicles and a multimodal hub in Quito (Ecuador)
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Figures 22 and 23 further show how, far from being an isolated endeavour, such hubs should be planned and act in an
integrated manner, building a network of multimodal hubs facilitating seamless connectivity organised around electric
vehicles and active mobility.
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HETWORK OF MULTINCDAL HUES - CITY SCALE
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Figure 23 - lllustration of a network of multimodal hubs

3.8 Resilience and e-mobility

Resilience is capacity of a system to function efficiently in
spite of external changes or stresses that destabilize it. In
a transport system, resilience centres around the ability
of the system to recover from shock while adapting and
transforming its structure to accommodate change and
uncertainties. Integrating electric mobility into the trans-
portation system introduces disruptions that can ultimate-
ly enhance the resilience of the transport network and its
capacity to adapt to change.

Information and communication technologies in conjunc-
tion with e-mobility systems can provide a powerful plat-
form for the integration of systems and modes to achieve

flexibility, redundancy and responsiveness — some of the
essential qualities of resilience. A resilient, integrated mo-
bility system will in turn provide users with a seamless, re-
liable, efficient, and multimodal service in case of an emer-
gency. Resilience also includes considerations regarding
climate change adaptation, including careful selection of
charging infrastructure locations away from risk areas, or
provision of shade via solar roof panels. Working on im-
proving the resilience of electricity generation systems in
the context of more frequent extreme weather events is a
further prerequisite to ensure continuity of electric mobility.
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Box 20: Resilience, E-mobility and COVID-19

The COVID-19 global pandemic has significantly affected urban mobility with the implementation of lockdowns and
restrictions on public transport in different regions and countries. Many motorised trips have been transferred to active
modes, primarily cycling and walking, during lockdown phases. Physical distancing will likely persist to some degree
for some time, possibly contributing to an increase in the use of micromobility options such as bicycles, electric bicy-
cles, electrical skateboards or standing electric scooters. In the long term, the need for personal vehicles may reduce
with an increase in remote working and increased pressure on governments to invest in clean transport modes. Ac-
cording to N.P.D. Group, a marketing research company, in March 2020, sales of commuter and fitness bikes increased
by 66 percent, leisure bikes sales jumped 121 percent, children’s bikes went up 59 percent and electric bikes rose 85
percent compared to the previous month in the United States (Goldbaum, 2020).

Example case: electric rickshaws as an efficient adaptation method against COVID-19

Responding to the Covid-19 outbreak, several mobility-based adaptation examples have been observed worldwide
over the last few months. The evolution of the E-Rickshaw project launched by the city of Singra (Bangladesh) in 2018
is one of these encouraging examples. Originally, the 12 electric rickshaws, financially and technically supported by
the Transformative Urban Mobility Initiative (TUMI), were meant to improve the public transport system in the region.
In addition, they provided better access to emergency health services to citizens since two e-rickshaws were designed
as ambulance vehicles offering door-to-door emergency services.

Following the imposition of a national lockdown in March 2020 to combat the spread of the novel coronavirus, public
transportation, restaurants and shops were suspended. People were instructed to only leave their homes for daily
basic needs or in case of emergencies. The municipality of Singra decided then to use the e-rickshaw fleet to start a
‘home delivery system” for its low and middle-income citizens. The city launched two helpline numbers, where delivery
requests for essential goods can be entered. The requested products are then purchased and delivered to the door-
step of the families by the TUMI vehicles. Daily consumables including vegetables, dried food, fish and meat, besides
beverages and medicines, have been delivered with this service. In addition, the e-rickshaws have been used to collect
samples for COVID-19 tests and the emergency health services have been expanded to rural areas. Thanks to the reli-
able fleet of electric rickshaws, the municipality was able to quickly react to the new reality created by the health crisis.

©Singra municipality
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E-MOBILITY AND THE URBAN ECONOMY

3.9 E-Mobility and economic development

Among the economic effects of e-mobility is the potential
to develop a national manufacturing of e-vehicles as well
as the employment of staff for electric, shared mobility ser-
vices. Electrification bears the promise of employment op-
portunities linked with new companies, electric technical
skills, charging and exchanging batteries at swapping sta-
tions. To ensure acceptability of this transition, particularly
in the Global South, the introduction of e-mobility in cities
would envision an opportunity to upgrade current mainte-
nance and repair skills to higher-value activities. Therefore,
it is key to integrate professional training components in
electric mobility projects and policies. Capacity building on
electric mobility can go well beyond the adoption of new
(imported) vehicles: it can include the development of fit-
for-purpose vehicles and services that maximise local val-
ue generation.

3.10 Costs and innovative business mod-
els

Lifecycle costs for operating electric vehicles are close to,
or in some cases lower than, internal combustion engines
vehicles (Fulton et al. 2017). Figures 24 and 25 show esti-
mated cost per passenger kilometre for a range of electric
modes and technologies in OECD-Europe and India. The
importance of different factors (for instance, drivers and
fuel cost) differs by region. For example, the low labour
cost of the bus drivers, along with higher average load fac-
tors in India and other developing economies makes public
transport modes even more cost effective than in industri-
alised (OECD) countries. But in both cases, costs of electric
vehicles are close to competitive on a life-cycle basis, and
this will only improve over time as battery costs continue
to drop.

Cost per passenger kilometer, OECD-Europe, 2015
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Figure 24 Costs per passenger kilometre in Europe, Fulton et al,, 2017
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USD per passenger km, India, 2015
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Figure 25 Costs per passenger kilometre in Asia, Fulton et al., 2017

Yet, the uptake of e-mobility faces two main cost hurdles:
the higher upfront investment cost of vehicles, and the
classical ‘chicken-and-egg’ dilemma — put simply, difficul-
ties to switch to electric vehicles in the absence of charging
infrastructure and vice versa. Therefore, innovative financ-
ing and business models are required to address these is-
sues and reduce the risk of switching to e-mobility, both
for the vehicles and the charging infrastructure segments.
Such innovative models enable to reap the advantages of
e-mobility, such as lower running costs enabling savings.
Solutions will vary according to local characteristics, and
there is no one-size-fits-all. A baseline assessment is use-
ful in this regard, for instance when following a SUMP pro-
cess (section 3.1). Solutions may involve transformation
processes of manufacturers into mobility suppliers (e.g.
battery rentals), or the involvement in mobility of ‘'non-usu-
al' players such as energy stakeholders (EVUE, 2012).

With regards to vehicles, a variety of options exists, rang-
ing from classical purchase, over rental or leasing of vehi-
cles and/or batteries, to shared options - the case of bus
procurement being specific and separately analysed in the
box below. Subsidies combined with commercial loans
can help reduce the cost gap between conventional vehi-
cles and electric vehicles, with interest subsidies further
reducing capital costs (IIT Madras (CBEEV) and WRI India,
2019).

Rental and leasing options, instead of purchasing, have
proven useful to reduce upfront costs as well. These strat-
egies may cover both vehicles as well as batteries alone.
The latter case is especially interesting when coupled with
a swapping system whereby batteries remain in the own-
ership of the mobility or energy company. Modality for the
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fees to use the battery can also vary, for instance with a
pay-as-you-go model — currently used in the electricity sec-
tor, mainly for solar energy — or through a monthly or daily
fee in a subscription model. Designing models lowering
upfront costs and de-risking the transition is particularly
vital for paratransit and informal feeder modes in the Glob-
al South. Such models are gaining traction in contexts like
India or East Africa for electric two- and three-wheelers.

When it comes to reenergizing infrastructure, two policy
instruments may support its deployment. On the one hand,
subsidies or preferential treatments can be awarded to pri-
vate companies deploying charging or swapping points.
On the other, public funding can act as a starting point for
the establishment of charging facilities.

Innovative business models for e-mobility promotion can
be addressed by public transport companies as well.
Well-integrated, new electric mobility solutions may im-
prove last-mile connectivity and ultimately increase pub-
lic transport ridership. For instance, the public transport
company Hochbahn Hamburg is involved in several initia-
tives providing first- and last-mile solutions. With support
of the SOLUTIONSplus program, Hochbahn will develop
an e-scooter sharing system conceived (50 e-scooters
co-funded by the project and the city), which will aim to test
an incentive and pricing scheme that complements the
public transport system and coverage, rather than compet-
ing with it (SOLUTIONSplus, 2020). In addition, Hochbahn
and the mobility company MOIA developed a ride pooling
project, operational since 2019, structured around electric
shuttles of six seats, which can be booked on demand on
the Hochbahn ‘switchh’ platform.



Financing electric bus adoption







Testing e-mobility solutions in urban Living Lab
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3.11 E-Mobility and city logistics

Around the world, e-mobility options have proven to be suit-
able for urban freight and city logistics in terms of trip pat-
tern and daily mileage. However, they remain an under-uti-
lized solution. To date, urban freight is mostly conducted
by conventional trucks and other large delivery vehicles.
These are not only dangerous for pedestrians and cyclists,
but also contribute to traffic jams by monopolising street
space during on- and off-loading, blocking sidewalks or
cycle lanes. One solution is to move away from these con-
ventionally fuelled vehicles, replacing them with electric
vehicles. For instance, the delivery company DHL is using
electric delivery vans (DHL, 2021). Innovative four-wheel-
ers are another option, such as the low cost, multi-purpose,
smart electric quadricycles that the SOLUTIONSplus proj-
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ect will test in Pasig (Philippines), in cooperation with PHL-
Post and Pasig City.

This transition can ideally be accompanied by a shift to-
ward smaller, space efficient vehicles, since urban deliv-
ery vehicles should be adapted to better suit the density
of urban space. The replacement of inefficient and dan-
gerous trucks in inner-city areas with electric two- and
three-wheelers for delivery is among the most promising
solutions. This shift does not only improve safety, but also
cuts noise, lowers emission and pollution levels and frees
up valuable public space. Electric bicycles have illustrated
the potential to become a preferred ‘last-mile’ vehicle, par-
ticularly in high density and congested areas.



Box 21: Last mile goods delivery: the revolution of bicycle logistics




E-MOBILITY AS A DRIVER OF URBAN INNOVATION

3.12 E-Mobility as a Service (MaaS)

Mobility as a Service (MaaS) is the integration of various
forms of transport services into a single mobility service
accessible on demand. This involves integration of many
different transportation modes into a seamless and conve-
nient app. In addition to mode discovery and trip planning,
it also includes the idea of one payment system across
these modes. An effective MaaS will offer a viable alter-
native to private car ownership and usage. Every journey
can be covered by the use of multimodal transportation, be
it taxi, public transport or bike sharing. The MaaS model

can be used to increase the adoption of EVs by the pub-
lic by shifting away from individual vehicle ownership and
optimizing the utilization of EVs as a service. By replacing
individual ownership of vehicles with shared EVs, this com-
bination will facilitate the use of EVs, as shared vehicles do
not face the issue of upfront investment cost faced with in-
dividual vehicle purchase. In addition, EV sharing services
can be connected to other eco-friendly modes of mobility,

such as public transport, walking and cycling.

Toolkit: The UITP 2019 Mobility as a Service Report provides an overview on the topic by explaining what MaaS

is, how it works and who are the different stakeholders involved, their roles and expectations. https://cms.uitp.
org/wp/wp-content/uploads/2020/07/Report_Maa$S_final.pdf
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3.13 E-Mobility and Data

Big data refers to extremely large data sets that may be
analysed computationally to reveal patterns, trends, and
associations, especially relating to human behaviour and
interactions. EVs (shared, public fleets, commercial fleets)
and infrastructure can be fitted with computer chips and
sensors that will collect data that can be used to improve
the development of e-mobility vehicles and charging sys-
tems as well as improve the adoption of e-mobility. The
data can also help to provide information for forecasting
and on adaptability of the system to policymakers for
policy and planning purposes. The availability of data can
support both spatial and statistical analysis of the e-mo-
bility system. Common spatial applications of the data
collected include mapping suitable locations for construct-
ing charging stations, with close proximity to the highest
population.

Critically, cities can also use electric kick scooter and bike-
share data in order to improve integration with transit, un-
derstand trip patterns to site infrastructure, and manage
private operators. A possible further use of data relates to
safety metrics, in contexts where vehicles contribute to a
large proportion of road safety accidents (e.g. motorcycle

taxis in sub-Saharan Africa).

3.14 Vehicle-to-grid (V2G)

Vehicle-to-grid technology is a system enabling the ener-
gy stored in an EV battery to be fed back into the electric
grid when the vehicle is parked. Relying on bidirectional
charging, this technology could enable recharging EV bat-
teries at times of low demand, and export energy back to
the grid at high demand in order to level demand peaks.
In addition, V2G could enable EV batteries to store energy
produced from variable renewable energy sources such as
wind or solar. These ways, V2G could help both regulate
more efficiently the electricity network and contribute to
energy decarbonization.

While V2G technologies are still mostly in the research
phase, and the impacts on the batteries’ lifespan and its
economic feasibility still in question, several pilot projects
are ongoing to investigate their potential. In London, the
Bus2Grid project is a trial to redistribute energy generat-
ed by buses not in use at Northumberland Park (Mehmet,
2020). The initial phase will make use of the batteries of 28
double decker buses, to feed back over TMW of energy to
the electric grid. The pilot is implemented by a consortium
led by the utility infrastructure company SSE Enterprise
in partnership with BYD, the UK Power Networks, the Uni-
versity of Leeds, Transport for London, the UK bus manu-
facturer Alexander Dennis and the bus operator Go-Ahead
London.

69



E-MOBILITY AND RESOURCE MANAGEMENT

3.15 E-mobility Resource and Waste Management

Battery resourcing and supply chain

The technology underlying rechargeable batteries for elec-
tric vehicles is evolving rapidly. Whereas a mere decade
ago lead-acid batteries were still the unrivalled type, lithi-
um-ion batteries emerged as a long-lasting and viable al-
ternative for commercial vehicle use in the last ten years
(Gaines, 2014). Research is ongoing, assessing potentials
of new technologies and components such as solid-state
batteries. E-mobility can only be fully and truly environmen-
tally, socially and economically sustainable if sustainability
principles are accounted for and respected from the initial
stages of the supply chain of these primary units powering
the electrification drive in transportation.

With the increased attention for the crucial role batteries
can play in meeting both the SDGs and the Paris Climate
Agreement goals, a growing body of work has scrutinised
the conditions in which their raw materials are resourced
and transformed into batteries to be used in vehicles
(Olivetti et al., 2017). In light of its vision to create a sus-
tainable battery value chain in 2030, the World Economic
Forum (WEF) stresses the need to guarantee a transpar-
ent resourcing and production process which ensures
safe working conditions and minimises the environmental
impact resulting from the mining of raw materials (WEF,
2019). From a socioeconomic point of view, specific atten-
tion should be paid to adherence to international practices
and norms enabling sustainable and profitable business
models, and the elimination of child and forced labour.
Moreover, the highly uneven geographic distribution of raw
materials, creating monopolies and sometimes located in
conflict-affected areas, calls for an effort to ensure envi-
ronmental and labour standards are upheld at all times
(WEF, 2019). The WEF therefore incites companies in the
value chain, international regulators and labour, civil soci-
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ety and international organisations to verify compliance
with internationally accepted social and environmental
practices, along with a rigorous monitoring and evaluation
framework based on best practices (EBA, 2021). This call
is being acted upon. Since its launch in 2017, the European
Union’s ‘European Battery Alliance’, for instance, attempts
to ensure all Europeans benefit from safer traffic, cleaner
vehicles and more sustainable technological solutions.
Their 18 priority action points identified to reach this aim
include the need to secure access to sustainably produced
battery raw materials at reasonable cost (EBA, 2021).

Similarly, the often-hidden GHG emissions that accompa-
ny the extraction of raw materials and manufacturing of
batteries should be recognised and limited through a fo-
cus on using renewable energy in this production process
(Beaudet et al., 2020). While the research on and develop-
ment of lithium-ion batteries has flourished in recent years,
leading to ever-increasing efficiency and lifecycle duration,
the finite and geographically clustered supply of battery
components, cobalt in particular, should be kept in mind

(WEF, 2019).

Battery repurposing, refurbishing and recy-
cling

Electric mobility must be framed from the start within a
circular economy approach. Cities are encouraged to pro-
mote sustainable models that extend the productive life of
lithium-ion batteries (repair, refurbish and/or repurpose)
and recycle them, as depicted in figure 27. Innovative mod-
els have emerged over the last years, driven by increasing
demand for battery components. Lithium-ion batteries of-
fer greater perspectives owing to their longer lifespan, ca-
pacity and energy density compared to lead-acid batteries,
combined with decreasing prices.



Figure 27. Main steps to ensure a sustainable end-of-life management of lithium-ion batteries (SOLUTIONSplus fact-
sheets: Marchiori Silva, 2020; Martin, 2020; Carriquiry, 2020)

Batteries can have a so-called ‘second life’. After a certain
number of charge and discharge cycles, batteries whose
remaining capacity is insufficient to fulfil mobility purpos-
es, having lost circa 20 to 30% of their initial capacity, may
be collected to be repurposed in stationary energy storage
systems, making use of their 70-80% residual capacity.
These provide critical support for smart systems allowing
more efficient grid management, integration of renewable

energies into the grid, and back-up power, as well as decen-
tralized energy access as depicted in figure 28 (Pagliaro
and Meneguzzo, 2019; World Economic Forum and Global
Battery Alliance, 2019). Repairing and refurbishing faulty
batteries is another innovative practice consisting of the
identification and removal of faulty cells, to be further used
in EVs or other applications.

Establish a circular value chain that quickly couples the transport and power sectors
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Finally, recycling materials should be undertaken in a controlled and safe manner, leaning on a sound and transparent
regulatory framework. This phase is crucial to avoid toxic components polluting the environment, as well as to recover
valuable components.

In addition, traceability is a key dimension to ensure proper management of the batteries’ end-of-life (EoL). Cities can sup-
port initiatives based on battery leasing models where mobility or energy leasing companies remain owner of the batter-
ies. Indeed, retaining ownership eases the traceability of the battery pool, as well as data collection on the performance of
the battery, and consequently facilitates the end-of-life management. Countries may also legally require manufacturers to
organize the end-of-life management of batteries, encourage information sharing in a transparent manner, and exchange
best practices. In addition, business models should be designed to disincentivize the discharge of batteries below the
80% threshold to maximally preserve battery capacity.

Durability of vehicles is a further criterion of sustainability. When designing new electric vehicles or retrofitting existing
vehicles, manufacturers are encouraged to plan a sufficiently long prototype phase to ensure that vehicles are adapted to

local conditions, terrains and typical loads.

3.16 Managing existing fossil vehicle fleet and retrofitting vehicles

As countries around the world continue to promote the uptake of electric vehicles, a number of strategies have been ad-
opted for the management of existing fossil fuel vehicles in the global fleet. One of these strategies has been the gradual
phasing out of fossil-powered vehicles, particularly in developed countries. This has led to a ‘dumping effect’ whereby
these conventional vehicles are sold at competitive prices to developing countries that are yet to make the transition
to cleaner mobility. While this is a temporary solution, it has not been without controversy, especially as some vehicles
arriving in developing countries have their catalytic converters and other key components helping to reduce harmful
emissions removed. This, in turn, becomes counterproductive to the fight against climate change, as these vehicles are
still in circulation and in some cases pollute more following tampering at the point of export. It is therefore important for
both exporting and importing countries to establish standardized vehicle emission testing and labelling to ensure that
used fossil fuel-powered vehicles are in top notch condition.

Retrofitting vehicles, the converting of existing fossil fuel vehicles with an electric drivetrain, is a promising, already-op-
erational strategy to increase EV adoption. In order to meet the IPCC recommended 1.5°C global temperature rise limit
and to decarbonize the existing car fleet, it is imperative to accelerate the conversion and/or retrofit existing fossil fuel
vehicles into hybrid or fully electric vehicles to be powered by electricity from renewable energy sources.

In line with the principles of a circular economy and the waste management hierarchy, aged fossil vehicles that are no
longer roadworthy can be scrapped, recycled and used in the manufacturing of new vehicles. It is important to note that
most parts of internal combustion engine vehicles are recyclable. This innovative option becomes all the more important
as new fleets are increasingly electric, and the challenge of how to handle old internal combustion engines is raised.
Companies like Opibus in Kenya and BharatMobi in India are successfully retrofitting vehicles. Such schemes have the
key benefits of making use of the existing hardware and possibly extending the vehicle's lifespan, as electric vehicles have
a much smaller number of parts.
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CHAPTER 4:
I

OUTLOOK




The global electric vehicle fleet operating in cities has ex-
panded significantly over the last decade, underpinned by
technological advances and national and local policies.
This trend is expected to continue at even faster rates, es-
pecially in light of worsening climate change, air pollution
and congestion of rapidly growing urban environments.
This toxic combination poses unprecedented challeng-
es to ensure sustainable, safe and efficient mobility in a
rapidly urbanising world. It has become apparent that an
approach of mobility issues focussing on expanding road
space for individual, fuel-based cars, is not an option any-
more. There is simply no space for these cars — and the
urban climate is already choked. Urgent action is needed,
which also presents unique opportunities to lever the po-
tential of innovations in electric mobility, engage all rele-
vant stakeholders, design adequate, accessible and inte-
grated transport systems and inclusive policy frameworks.
Cities of the future must reduce overall demand for private
vehicles, and electrify the remaining vehicle fleets, struc-
tured around the backbone of public transport comple-
mented by feeder services to ensure a better quality of life
for their citizens.

A wide variety of pivotal issues will determine the pace and
direction of the development towards global electric mobil-
ity, ranging from technological innovations, over financial
incentives, to enabling policy frameworks. Incorporating
these interrelated components into a multidimensional
strategy, will be central to its success. Peer-to-peer ex-
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change and capacity building on the local level within and
between cities, who will play a leading role in driving this
development, will be critical in confronting the associated
challenges while bolstering the possibilities electric mo-
bility presents. Technological considerations of vehicles,
batteries and optimal patterns for charging infrastructure
for private and public transport are but one core element to
meeting the needs for future sustainable mobility system.
Most importantly, this needs to be complemented by the
integration of transport modes ensuring last-mile connec-
tivity, and the design and implementation of adequate reg-
ulatory frameworks developed with all stakeholders, bal-
ancing social inclusion, affordability and data protection.

Cities should invest in the development of policies sup-
porting sustainable transport, aiming to ensure that public
transport and active mobility make up the majority of com-
pleted trips. The remaining journeys that need to be com-
pleted by a private or shared vehicle, including first- and
last-mile options, should be electric. Without this focus on
sustainable, integrated urban mobility, policies supporting
widespread public charging and parking incentives will
only result in the replacement of conventional cars with
electric ones. This does not solve the severe issues cities
currently face.

Hence, adopting this integrated approach, transport elec-
trification has the potential to significantly contribute to a
more sustainable urban mobility, and to the objectives of
the Paris Agreement and the New Urban Agenda.
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