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In 2019, before the COVID-19 global health pandemic altered production and consump-
tion patterns, the transport sector accounted for around 24 per cent of energy-related car-
bon dioxide emissions worldwide (1). Out of this, road transport accounts for three-quar-
ters of emissions and urban transport accounted for halft of these emissions (2). Not least, 
urban transport results in additional negative social and environmental impacts, such 
as local air pollution (through emissions of nitrogen oxides and fine particulate matter, 
among other health-impairing substances), noise pollution, road congestion, and risks to 
safety (3).  Compared to reducing greenhouse-gas emissions, managing these additional 
social and environmental impacts are of more direct concern to urban decision-makers. 
Local air pollution in many developing-country cities is a case in point.

In this chapter, we focus on technologies and practices to reduce greenhouse-gas emis-
sions from urban passenger transport.  Decarbonizing transport involves (i) behaviour 
and lifestyle changes and (ii)  new and cleaner technologies and fuels (4).   

3.1. Overview of technology options

Technologies and practices for urban transport that are relevant for mitigation are 
often categorized according to the so-called “avoid,  shift and improve” framework, 
with which a combination of interrelated mitigation options in the context of transport 
services can be examined (5). The ‘avoid, shift and improve’ framework envisages the 
reduction of greenhouse-gas emissions through i) avoiding travel as far as possible, ii) 
shifting unavoidable demand  to more efficient modes of transport, and iii) reducing 
the greenhouse-gas intensity of the technologies used to meet the demand for travel 
(4).  Table 1 lists key strategies to achieve the three goals above,  indicating technologies 
and practices that can be used to operationalize each strategy.1     

3.2. Selected technologies

In the following sections, we document three technologies that can be implemented 
easily because they revolve around mature practices. Each of these technologies covers 
one element of the avoid-shift-improve framework. Although each of the three selected 
approaches can be considered in isolation from the other two, they complement one 
another well. For each technology, we describe its scope, its alternatives, the barriers 
to and enablers of its implementation, and its applicability in a developing-country 
context.

3.2.1. Transit-oriented development

Scope of the technology

Worldwide, transit-oriented development is one of the most widely recognized ur-
ban-planning concepts. Essentially, transit-oriented development involves a transit 
corridor (typically, a rail or bus station) that is within walking distance of a dense, pe-
destrian-friendly network of residential, business and leisure spaces (Box 1).  As such, 

1
 It is worth noting that the cate-
gorisation is not fixed. Indeed, a 
strategy listed under “Avoid” may 
also be appropriate in the context 
of “Shift”.  For example, whereas 
dense and mixed-use urban de-
sign can help reduce trip lengths, 
it also help make a city more 
public transport-friendly.
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ASI Lever and Objective Strategy Technology and Practices 

Avoid long and 
unnecessary motor-
vehicle trips

Dense and mixed-use urban 
design

Renovation of historic districts and downtown areas

Transit-Oriented Development

Integration of land-use and transport planning

Use of information 
technologies to reduce trips

Tele-work, virtual meetings through improved 
connectivity and internet access

Shift individual 
motorization towards 
public transport, 
cycling and walking

Improved facilities for 
cycling and walking

Recovery of invaded sidewalks and public spaces

Rehabilitation of waterfront sidewalks with adequate 
design, urbanism and furniture

Cycle ways and cycle lanes, safe cycle parking

Improved public transport 
systems

Road-based (BRT, Buses, Trackless Trams)

Integrated Systems (Ticketing, Planning)

Rail based (Metro, Trams) 

Cable cars

Smart mobility Car sharing & Ride Hailing

Autonomous vehicles

Intelligent Transport Systems

Disincentives on individual 
motor vehicle use

Taxes on fuels and registration

Administrative restrictions (using plate numbers)

Road pricing (Urban tolls, Congestion Pricing)

Improve technologies 
and transport-
management systems

Increase share of clean and 
low-carbon fuels

Biofuels,  Compressed Natural Gas (CNG) and Synthetic 
Fuels (Power to X) 

Increase share of clean and 
low-carbon vehicles 
for road-based transport

Hybrids & Plug in Hybrid  

Battery Electric Vehicles (Buses, Cars, 3 Wheelers, 2 
Wheelers)

Fuel-Cell Hydrogen Vehicles 

Improved management Technical inspection programs, including air pollutant 
controls 

Traffic control networks, centralized dispatch and 
control of transit services

Source: mainly adapted from Hidalgo and Huizenga (5) and updated by authors for emerging trends in the last seven years
Note: The entries in bold correspond to the technologies (or groups of technologies in the case of “smart mobility”) described in the 
reminder of this chapter.  

Table 1. Avoid–Shift–Improve related strategies
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transit-oriented development discourages car use and promotes public transport, 
walking and cycling.

The evolution of transit-oriented development
In 1952, Stockholm’s local authorities adopted the urban development approach 
that later became known as “transit-oriented development”.  The approach in-
volved communities that were within walking distance of a Tunnelbana station, 
Stockholm’s underground rail network.  These communities had both access to key 
services and high-density residential spaces (6).

However, transit-oriented development as a concept only became prominent in 
1989, with the adoption of the so-called Bay Area rapid transit system in San Fran-
cisco.  This was a system in which land-use mixtures and densities were suggested 
as a way of increasing transit ridership.  Figure 01 shows its conceptual design (7), 
whereby transit-oriented development is designed to create a mixed-use commu-
nity within an average of ten-minute walking distance from a transit stop and core 
commercial area.

Over the years, the modern concept of transit-oriented development has remained un-
changed: “careful coordination of urban structure around the public transport network 
and public transport nodes (stations and interchanges) in particular” (6). In another, 
more specific definition, transit-oriented development is described as “land-use and 
transportation planning that makes cycling, walking, and transit uses convenient and 
desirable, and that maximises the efficiency of existing public transit services by focus-
ing development around public stations, stops, and exchanges” (8).

Figure 1. Transit-Oriented Development (7, 10)

TOD as conceptualised 
by Calthrope (1993)

Core Commercial

Secondary Area

Secondary Area

Arterial

Secondary Employ-
ment or Residential

TOD
Residential

Transit Stop

Source: Own elaboration. Subash Dhar (UNEP DTU Partnership, Copenha gen, Denmark) and 
Talat Munshi (UNEP DTU Partnership, Copenhagen, Denmark) adapted from Calthrope (1993) 
(drawing not to scale)
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Depending upon the context or location, transit-oriented development will revolve 
around different types of nodes.  For example, the node may be a core centre (that is, a 
primary centre for economic and cultural activities), a local centre (that is, a secondary 
of neighbourhood centre for economic and cultural activities) or a destination (9) (10).

Denser and more mixed land-use development patterns can result in a good mix of ac-
tivities (land uses) with convenient walking distances, making it quicker to reach des-
tinations using non-motorized modes of transport. By reducing  the need to use cars 
it frees up space which can be used for public transport, non-motorized transport or 
for other land use purposes (11). Moreover, it reduces the pressure on land by increas-
ing land consumption with infill and introducing high-density mixed-use development, 
thus reducing the need to build on the urban fringes (12). Transit-oriented development 
minimizes fuel consumption, air pollution and transport-related greenhouse gas emis-
sions by reducing dependence on motorized transport. 

Transit-oriented development  also results in compact cities if it is used as a citywide 
strategy and not a standalone project on a selected transit corridor. Thus, transit-ori-
ented development reduces the cost burden on municipalities, as they are not required 
to provide and manage additional infrastructure for the sprawling cities (13, 14). The 
other benefits also include gains in gross domestic product, resulting from increases in 
employment and land values.

Mitigation benefits

Creutzig et al. (15), in their study, estimated the mitigation potential of urban planning 
to be about 25 percent in 2050 compared to a business as usual scenario.  City-based 
assessments, however, are more optimistic (Table 2) indicating that transit-oriented de-
velopment projects result in considerable greenhouse-gas emissions reductions.

City Reference Mitigation benefits

Rajkot Munshi, Shah 
(16

Transit oriented development strategies implemented in Rajkot can reduce 
carbon-dioxide emissions by 47 percent in 2030 compared with the business as 
usual scenario.

Curitiba Jin (16) Daily per capita carbon-dioxide emissions from transport in Curitiba are 220 grams 
per person and day which is very low compared to country’s average of 2,600 
grams per person per daya.

Bogota Hook, Kost  
et al (18)

Saved 69,000 tons of carbon-dioxide emissions from the 42 km bus rapid transit 
phase II network. 

Mexico City Hook, Kost  
et al (18)

Savings associated with the 20 km long MetroBus in Mexico City, are estimated at 
up to 26,000 tons of carbon-dioxide per year

Jakarta Hook, Kost  
et al (18)

Carbon-dioxide savings of bus rapid transit are 3.15 to 3.26 million tons per year

a  Source: EA. World Energy Outlook 2017. Paris: International Energy Agency; 2017

Table 2. Mitigation benefits of the technologies in multiple cities
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In most countries, especially developing countries, access to public tranpsort is often 
seen as benefiting the urban poor. However Transit-oriented development plans have 
been been challanged on the grounds that they can cause gentrification and displace-
ment (19). If Transit-oriented development is implement without limiting the access for 
private automobiles, these type of development can actually intensify (because of the 
density) the number of private automobiles used in the areas and worsen the air quality 
(20). Thus cities must use transit-oriented development to encourage transit and dis-
courage the use of private automobiles. 

Trade-offs and linkages with other sectors

Transit-oriented development is an urban design concept that complements other 
measures to decarbonize transport. It also involves changing the cityscape and defines 
the investment that orients the urban form that supports public transportation,  thus 
encouraging residents, jobs and shopping to congregate around transit nodes. It is 
well known that land-use changes take a long time to materialize. Therefore, although 
transit-oriented development has apparent benefits, the carbon dioxide savings will 
occur at a much slower rate than investments in other transport technologies, such as 
non-motorized transport infrastructure and electric vehicle infrastructure.

The carbon-dioxide benefits associated with transit-oriented development also de-
pend upon the capacity of the transit corridor. For example, transit-oriented develop-
ment around a bus-rapid transport line will have lower density and less holding ca-
pacity than a transit-oriented development around a metro line. Further reductions 
linked to a bus-rapid transport system will depend on the fuel used and bus efficiency. 
If electric-drive vehicles are used, the carbon intensity of electricity will determine the 
eventual carbon dioxide savings. However, as stated earlier, public transport systems 
cannot function as independent entities. Modern-day smart cities draw links between 
other green transport technologies, urban planning etc., in planning transit-oriented 
development (17).

Barriers to adoption

Transit-oriented development is an urban planning concept that involves upfront costs, 
which are huge in most cases and involve constructing properties, transport infrastruc-
ture and other associated amenities. The total costs associated with implementing such 
projects differ from case to case, and depend upon the cost of infrastructure construc-
tion in the country concerned. In India’s Dwarka transit-oriented development project2 
in Delhi, the cost is estimated at around 167 million USD.  The project is expected to re-
cover its costs (including the cost of debt financing) and return an equity internal rate of 
return of 3 percent over the 35 years of the project (assuming inflation of 5 percent per 
annum). The cost of providing a transit-oriented development in London ranges from 
250 million USD (bus-rapid transit) to 1.02 billion (light-rail transit); it is estimated that 
the benefit to cost ratio of the bus-rapid transit option is (1.6) $1.6 benefits for every 
$1.0 spent, and 0.8 for the light-rail transit option.3 

Brownfield4 transit-oriented development can be challenging to implement compared 
to greenfield development.  In brownfield transit-oriented development, the current 

2  

https://www.smartvizag.in/
wp-content/uploads/2017/12/
Transit-oriented_Redevelop-
ment_of_the_Dwaraka_Bus_Sta-
tion_Feasibility_Study_Final_Re-
port.pdf
3  
https://d3n8a8pro7vhmx.
cloudfront.net/shiftlondon/
pages/129/attachments/origi-
nal/1464886814/Shift-Final-Busi-
ness-Case.pdf?1464886814
4  
Brownfield development involves 
transit-oriented development in 
an already built-up area where 
a transit project is envisaged or 
under implementation.

https://www.smartvizag.in/wp-content/uploads/2017/12/Transit-oriented_Redevelopment_of_the_Dwaraka_B
https://www.smartvizag.in/wp-content/uploads/2017/12/Transit-oriented_Redevelopment_of_the_Dwaraka_B
https://www.smartvizag.in/wp-content/uploads/2017/12/Transit-oriented_Redevelopment_of_the_Dwaraka_B
https://www.smartvizag.in/wp-content/uploads/2017/12/Transit-oriented_Redevelopment_of_the_Dwaraka_B
https://www.smartvizag.in/wp-content/uploads/2017/12/Transit-oriented_Redevelopment_of_the_Dwaraka_B
https://www.smartvizag.in/wp-content/uploads/2017/12/Transit-oriented_Redevelopment_of_the_Dwaraka_B
https://d3n8a8pro7vhmx.cloudfront.net/shiftlondon/pages/129/attachments/original/1464886814/Shift-Final-Business-Case.pdf?1464886814
https://d3n8a8pro7vhmx.cloudfront.net/shiftlondon/pages/129/attachments/original/1464886814/Shift-Final-Business-Case.pdf?1464886814
https://d3n8a8pro7vhmx.cloudfront.net/shiftlondon/pages/129/attachments/original/1464886814/Shift-Final-Business-Case.pdf?1464886814
https://d3n8a8pro7vhmx.cloudfront.net/shiftlondon/pages/129/attachments/original/1464886814/Shift-Final-Business-Case.pdf?1464886814
https://d3n8a8pro7vhmx.cloudfront.net/shiftlondon/pages/129/attachments/original/1464886814/Shift-Final-Business-Case.pdf?1464886814
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development has to give way to the new transit-oriented development, if development 
is to occur. Therefore, in addition to redevelopment costs, one has to consider the 
added costs involved in relocating the existing residents, jobs and shops to a new loca-
tion. Many cities in the developing world use added floor area and development rights 
to cover the cost of redeveloping and developing transit-oriented development areas. 
However, this approach can increase rents and property prices, pricing out middle- and 
low-income residents. Studies have also found that most high-income residents are 
captive car riders, suggesting that there is a risk of transit-oriented development mech-
anisms serving the real estate market rather than the chosen goal of increasing transit 
use, especially in the developing world. 

Enabling policies also have to circumvent the avoid-shift-improve framework intro-
duced earlier. Many countries do not have any provision for micro-level planning. Thus 
urban planning norms might have to be amended to allow for station area plans. The 
development control regulation will also need to change to allow for the design, densi-
ties, diversity and constrained parking and access of private automobiles envisaged in 
transit-oriented development.

Relevance for developing countries

Many developing countries are augmenting their public transport infrastructure5. De-
spite the barriers mentioned above and the long gestation period, transit-oriented 
development has apparent benefits, which is also the reason why cities have turned 
towards transit-oriented development. For example, in India, thirteen cities have plans 
for transit-oriented development, and NIUA estimates there is transit-oriented devel-
opment in eighteen Indian cities. (18)  In the developing world, these are the most rap-
idly sprawling cities, which must re-engineer and optimize their use of space to keep 
developing. In many developed countries, transit-oriented development is also used 
to redevelop declining urban areas. The environmental benefits of transit-oriented de-
velopment are also a driver in cities where air pollution is a major problem. Thus tran-
sit-oriented development is most important for its contribution to urban growth and 
development and its benefits to the environment. 

3.2.2. Smart Mobility 

Scope of the technology

The process and practices whereby information and communication technology and 
other hi-technology innovations are adopted by transport are generally referred to 
as smart mobility (Noy and Givoni, 2018). Smart mobility solutions focus issues relat-
ed to safety, transport management and the environment, including decarbonizing 
transport. 

Mobility solutions are primarily viewed as either individual or collective (mass transit). 
Individual solutions offer a high degree of flexibility to users, although with low efficien-
cy. Conversely, collective solutions have low flexibility and high efficiency (Figure 2).

5  
Today 177 cities have bus-rap-
id transport systems, most of 
which are being implemented in 
Latin America (fifty-seven) or Asia 
(forty-five). In  Africa, so fa only five 
cities have bus-rapid transport 
systems, although many more 
plan having them. It is important 
for the sustainable development 
of cities with bus-rapid transport 
systems (and many other cities 
with metro systems) that devel-
opment around transit stations is 
carefully planned.
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Disruptive technologies like smart-phones, high-speed mobile internet and the preva-
lence of sensors have allowed an interplay of solutions that have helped customize and 
design both individual and collective mobility solutions to suit individual travel needs.  
The number of smart mobility solutions is diverse and broad, ranging from on-demand 
mobility solutions (for example, car-sharing or bike-sharing) to integrated solutions 
(such as mobility as a service, or apps for informed multimodal trip-planning) (19).

The three main areas that have opened the smart mobility era are sensors, information 
and communication technology, and computer science developments (data science 
and artificial intelligence in particular). These three areas define mobility “smartness”, 
which can be formulated as “sensing—communicating—analysing”.

A modern car has sixty to a hundred sensors onboard (19), which help monitor all infor-
mation, starting from the hardware function like fuel consumption and engine perfor-
mance to assisting the driver with navigation and driving functions (cameras, advanced 
driver assistance etc.). Modern transport infrastructure also has sensors everywhere, 
which are used for intelligent monitoring of the traffic system (inductive loops, camer-
as, radar sensors), and parking management, among other uses. 

Advances in information and communication technologies and fast internet speeds 
have meant constant connectivity between users and service providers, through smart-
phones or wearable devices. Users have been able to acquire real-time traffic infor-
mation and connect with on-demand services like Uber, Lyft and others, which have 
transformed mobility. The high speed of mobile connectivity has also improved the con-
nectivity a vehicle can have with other vehicles, humans, other devices, infrastructure 

Figure 2. Smart mobility and its features

Source: Borysov, Azevedo et al. (19) 
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(transport/grid) and networks. These possibilities have considerably improved the 
technical options and resulted in projects like the platooning of trucks in autonomous 
fleets. Strengthened vehicle communications have also improved safety. 

The amount of data that sensors and communication devices produce has led to re-
search on data analytics and machine learning. The vast amounts of data analysed 
using machine-learning algorithms have paved the way for many analytical process-
es, including analyses of user behaviour, predicting transport demand, supply optimi-
zation, anomaly detection, autonomous driving and driving assistance, etc. Artificial 
neural networks (deep learning) have paved the way for fully autonomous driving. It is 
expected that autonomous driving will produce savings in operating costs and make its 
operations safe for humans and environmentally friendly. 

Rapidly changing technologies have led to a lot of disruptive mobility trends with en-
tirely new business models. First and foremost is the emergence of a lot of start-ups 
in shared mobility, ranging from micro-mobility solutions (bicycles, scooters) to long-
range mobility solutions (Car2go, blablacar, etc.).  

Mitigation benefits

Since the space for smart mobility solutions is wide-ranging, from on-demand mo-
bility (car and bike-sharing) to integrated mobility planning that can improve public 
transportation efficiency, it is not easy to provide a single assessment. Shared mobility 
solutions have shown promise in reducing carbon dioxide emissions (20). However, the 
extent of the savings will depend upon the context: for example, the benefits of trips 
made in a shared car will be far less if the same trip is made using public transport. 
Life-cycle analysis of car-sharing has revealed reductions in greenhouse gas emmisions 
of between 33 percent and 70 percent (21). However, it has been argued that these re-
duction estimates have ignored the rebound effect due to increased travel.  Indeed, a 
study of Über users in the United States showed that the vehicle kilometres they travel 
are growing, not declining (22).

The enormous improvements in communication systems has led to the introduction 
of new kinds of vehicles into automobile markets, including autonomous vehicles and 
connected vehicles. As stated earlier, connected vehicles use several communication 
technologies to communicate with the driver, other cars on the road, roadside infra-
structure and the cloud. Autonomous vehicles are vehicles where at least some safe-
ty-critical control function occurs without human intervention. Eco-driving is associat-
ed with automated acceleration and braking technologies used by both connected and 
autonomous vehicles. In theoretical models, such technologies have revealed a poten-
tial to reduce fuel consumption by between 10 and 20 percent depending upon the driv-
er and the context (23-25). Chen, Gonder (26) estimated the benefits to be much higher, 
at between 30 and 45 percent. As stated earlier, technology has improved the potential 
to create autonomous platoons of vehicles, which are expected to increase fuel sav-
ings by reducing air resistance; platooning benefits are likely to be between 3 percent 
and 25 percent (27). Because autonomous vehicles are expected to reduce crashes and 
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improve overall road safety, the safety equipment that currently consumes a lot of the 
vehicle’s weight will no longer be required.  Reductions in the weight of the vehicles will 
also reduce fuel consumption. Anderson, Nidhi (25) estimate that fuel consumption can 
be reduced by between 4 and 7 percent if the vehicle weight is reduced by 25 percent. 

An indirect effect on the environment is improved routing efficiency: a study (28) found 
that fuel consumption could be reduced by 12 percent when algorithms used to model 
route selection to reduce emissions were used. The most expected benefit of connected 
and autonomous vehicles will be a reduction in traffic congestion. Such vehicles make 
it possible to increase the road capacity and decrease congestion levels. A decrease in 
traffic congestion could reduce fuel consumption by between 15 percen and 60 percent 
depending upon the penetration levels of autonomous vehicles (29, 30). 

Trade-offs and linkages with other sectors

When smart mobility solutions are applied, they are mostly a component of other trans-
port solutions that have been added to improve their overall efficiency. These solutions 
do not replace other transport technologies in their essentials but, as stated above, are 
used to improve overall efficiency by replacing human intervention with smart solu-
tions. Cities that use smart mobility solutions must consider the upfront costs of tech-
nology and the skills and knowledge requirements to run smart mobility operations. 
As the application of smart technologies to mobility is still at the nascent stage, the ev-
idence presented in the section above is insufficient, despite which it definitely points 
in a positive direction regarding emissions reductions.

Smart mobility solutions rely heavily on technology for solutions. Thus, given the very 
high reliance on digital technology solutions, smart mobility solutions face increased 
cyber-security risks. Cybercriminals have been able to attack information and operat-
ing technology to disrupt the transport services (31, 32), for example, in Baltimore (33) 
and San Francisco (34), and with the massive hack of Uber data (35). These examples 
indicate that smart mobility solutions must be symbiotic with other transport actions 
like transit-oriented development, thus adding an angle of cybersecurity. 

Barriers to adoption

Smart and innovative mobility solutions face challenges when addressing the so-called 
‘disadvantaged section’ of transport users: young adults (36), the retired (37) and the 
poor (36). Urban residents who find it difficult to install smart applications must access 
smart mobility solutions and afford the rising fares, otherwise becoming excluded and 
being denied equitable access to employment, education and other services. 

The greatest driver of small mobility solutions is the need for information that reduces 
the uncertainty element in multimodal solutions, optimizes transport solutions, and 
searches for green and environmentally friendly solutions. As stated above, there are 
risks in implementing these solutions, but security is also improving over time. Solu-
tions will also have to be user-friendly for all sections of the population and not in-
crease micro-mobility and public transport fares, which would generally happen with 
the broader adoption of technology.
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Relevance for developing countries

Smart technologies with smart apps will provide an enabling environment for users 
of the public transport system, integrating systems with other transport infrastructure 
and providing demand-based services (38). Many developing countries have low finan-
cial resources, so public transportation infrastructure in many such countries is insuf-
ficient to take care of the demand for mobility. The main challenge is the amount of 
investment required to create a public transport infrastructure for metros and bus-rap-
id transport systems, for example. The gap in demand is typically catered for by pa-
ra-transit modes which do not always follow a fixed route or timetable. These para-tran-
sit modes vary across countries (e.g., rickshaws in India, tuk-tuk in Thailand, matatu in 
Kenya) and are mainly run by private operators. Smart mobility solutions can ideally 
be combined with para-transit modes to improve information flows between operators 
and customers.  Although the informality of the whole operation can be a challenge, 
there are already cases that give a lot of hope. For example, Ola and Über in India now 
include auto-rickshaws on their sharing platforms, allowing users access to para-transit 
modes. This development also opens up opportunities for using para-transit as shared 
modes of transport, leading to a plethora of opportunities for developing countries.

3.2.3. Battery Electric Vehicles 

Scope of the technology

Battery electric vehicles use chemical energy stored in batteries as their power source. 
The batteries are used to run electric motors to propel the vehicles. As a concept, battery 
electric vehicles predate the internal combustion engine. However, they have grown in 
importance over the last decade, this being directly related to the decline in the cost of 
electric batteries from more than 1000 USD per Kwh for a battery pack in 2010 (39) to 
around 170 USD per Kwh in 2018 (40) and to even below 100 USD per Kwh in 2020 (41). 

The internal combustion engine has dominated road transportation for more than a 
century and has enjoyed a cost advantage compared to other alternative technologies 
like battery electric vehicles, hybrids, plug-in hybrids and fuel-cell hydrogen electric 
vehicles. The reduction of battery costs in the last decade has been dramatic, which 
has meant that the total cost of battery electric vehicles and hybrids is now closer to 
conventional vehicles running on the internal combustion engine (42), especially for 
light-duty vehicles. 

In 2019, around fifteen countries had a battery electric vehicle market share (share of 
new vehicles sold) of more than 1 percent for light-duty vehicles (43), though most are 
developed countries. Electric two-wheelers have been a great success in China, and 
the several Asian countries that have a large two-wheeler population have become a 
potential market. China has also been at the forefront of introducing electric buses, 
which many cities worldwide are opting for. The prospects for electric vehicles have 
dramatically improved due to strong policy support in many countries, including finan-
cial incentives, duty exemptions and mandates for phasing out diesel cars (44). In this 
scenario, electric vehicles are bound to become a dominant technology for personal 
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and public transport in cities in the coming decades. They are also emerging as a pre-
ferred technology for shared mobility. There is an interest in fuel-cell hydrogen electric 
vehicles as a prospect for future (Box 2). However, at present, energy costs represent a 
barrier.

Fuel cell hydrogen electric vehicles
Fuel-cell hydrogen electric vehicles are an option besides battery electric vehicles, 
and may be a future option for heavy-duty vehicles. However, the main barrier is 
the cost and the energy needed to produce the hydrogen. It is energy-intensive to 
produce hydrogen using renewable energy: producing 1 kg of hydrogen requires 
40 kWh of renewable energy (45), while 1 kg of hydrogen can propel an light-duty 
vehicles 100 km (46). In comparison, a battery electric light-duty vehicle will require 
only 22 Kwh of energy for 100 km (47). The high cost of hydrogen production is an 
obstacle to fuel-cell hydrogen electric vehicles. Therefore in the short term, battery 
electric vehicles look like the more cost-effective option.

Mitigation Benefits

Battery electric vehicles are considered a silver bullet for decarbonizing road transport. 
However, this will depend on the electricity used for charging and battery production. 
Life-cycle studies for light-duty vehicles have shown that battery electric vehicles pro-
duced and also operated on low carbon electricity would yield a carbon dioxide foot-
print of only 33 g of carbon dioxide -eq/vkm for a compact-size car (48, 49) compared 
to around 135 g of carbon dioxide -eq/vkm for an efficient light-duty vehicle in 2030 
(50). Efficient internal combustion and hybrid engines running on fossil fuels cannot go 
below 130 g of carbon dioxide -eq/vkm for light-duty vehicless. However, if we consid-
er that battery electric vehicles are produced using coal-based electricity, the life-cy-
cle carbon dioxide emissions could even exceed 300 g of carbon dioxide -eq/vkm(49). 
Therefore decarbonizing electricity for battery production and charging is crucial. 

In the case of buses operating within cities, battery electric vehicles have much lower 
carbon dioxide emissions than all the alternative drive-train technologies (internal 
combustion engines, hybrids, plug-in hybrids and fuel cell) (51), a much better picture 
compared to light-duty vehicles.

Modelling studies for developing countries show that battery electric vehicles can re-
duce carbon dioxide emissions. Dhar et al. 2017 find that well-to-wheel carbon dioxide 
emissions are lower in India’s transport sector with the large-scale diffusion of battery 
electric vehicles even when the grid has the same carbon dioxide intensity as the base-
line scenario.   

However, battery electric vehicles can help decarbonize electricity since using vehicle 
to grid technology battery electric vehicles can do smart charging and supply electricity 
back to the grid (52). Such charging technologies can help integrate renewables more 
fully in the grid, including rooftop solar in buildings (like  onsite renewable generation 
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or district cooling and heating systems in the buildings chapter). In Denmark, vehicle to 
grid technology has been demonstrated and both grid-based and decentralized renew-
ables integrated on top of the building (52).

Trade-offs and linkages with other sectors 

Even a rapid rollout of battery electric vehicles within light-duty vehicles will leave a 
large stock of vehicles driven by internal combustion engines in use for the next thirty 
years (53). If these vehicles continue to use fossil fuels, they will produce substantial car-
bon dioxide emissions. Therefore, synthetic fuels with a much lower life-cycle of carbon 
dioxide emissions than fossil fuels provide a path for decarbonizing the existing engine 
technologies. Synthetic fuels can be produced in a gaseous form or as a liquid from hy-
drogen and captured carbon dioxide. They can reduce local pollution when combined 
with conventional fuels, e.g. diesel: blending 20 vol. percent of (poly) oxymethylene di-
methyl ethers, a synthetic fuel, with diesel in a diesel engine leads to 50 percent lower 
particulate-matter emissions (54) and the reduction of nitrogen oxide emissions (55). 
However, the high cost of hydrogen production is a damper for synthetic fuels since it 
accounts for around 63 percent of the cost. The cost of synthetic fuels was estimated 
at between 5 and 7 euros per litre of diesel equivalent in 2015 and is expected to fall to 
1-3 euros per litre in 2050 due to a reduction in the price of renewable electricity, thus 
increasing the scale of production and the learning effects (56). 

Different battery technologies are used in vehicles; however, lithium-ion batteries have 
become established as the first choice for automotive applications. The cumulative ca-
pacity of such batteries in automotive applications was around 60 GWh in 2018 (40). For 
lithium-ion batteries used for automotive applications in 2018, the material demand 
was about 11 kilotonnes (kt) of lithium, 15 kt of cobalt, 11 kt of manganese and 34 kt of 
nickel (53). By 2030, when the market share of electric vehicles is predicted to be 30 per-
cent, this demand will increase thirty times for lithium and around 25 times for cobalt. 
Dependence on lithium is a cause of concern (57). Besides the problem of dependence 
on precious materials, disposal of lithium-ion batteries is also an issue since currently 
there is limited recycling of them (58). 

Barriers to adoption

Battery electric vehicles are characterized by their high capital costs and low operating 
costs. Therefore, their upfront costs are a significant barrier. Battery electric vehicles 
are more efficient than conventional vehicles, though this advantage can be offset by 
low fossil-fuel prices. Therefore fossil-fuel subsidies act as a significant barrier to bat-
tery electric vehicles. The lack of information about such vehicles and anxieties about 
their safety and driving range are other significant barriers (53). 

In countries where battery electric vehicles have gone beyond 1 percent market share, 
financial incentives and tax waivers (43) have played an important role in removing the 
barrier of high capital costs. In developing countries where governments do not have 
the fiscal space to provide incentives, it might help to link incentives to adopt battery 
electric vehicles to increased taxes on fossil fuel-fuelled vehicles. 
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Adopting battery electric vehicles also requires easy access to safe charging at an af-
fordable price (59). Thus, the lack of easy and safe access to charging acts as a barrier 
to such vehicles.  Charging can be done on-street, in public parking lots, etc. or using 
private chargers at home or in office parking spaces. Global trends show that the bulk 
of charging infrastructure consists of private slow chargers, with around seven million 
chargers in existence by the end of 2019 (43). Public charging infrastructure shows a 
mix of slow and fast chargers, but with fast chargers gaining on slow chargers. Creating 
a charging infrastructure requires coordination between electric utilities, automakers, 
landowners and policy-makers. Charging infrastructure in apartment blocks and offices 
would require reserving spaces for battery electric vehicle and an electricity tariff struc-
ture from utilities that is affordable. 

Several countries are implementing friendly policies for battery electric vehicles. How-
ever, to attract private players to set up shop, policy stability is also essential. A lower 
driving range and a longer time for recharging have been ongoing challenges to battery 
electric vehicles, and therefore it is quite vital to create public charging infrastructure 
(53, 60).

Developing countries also need to think about battery disposal. Here, it might be neces-
sary to ensure that lithium-ion batteries are recycled as effectively as lead acid batteries 
by making the sellers of batteries and electric vehicles responsible for the safe collec-
tion of batteries as well (58). Lithium-ion batteries used for automotive applications can 
be repurposed for stationary applications, can provide storage at 90 percent lower cost, 
and have the potential to contribute 60 percent of grid storage capacity (58). 

Relevance for developing countries

Developing-country cities are hotspots of air pollution, and modelling studies show that 
battery electric vehicles can reduce local pollution quickly (61). Interest in such vehicles 
has therefore increased in these countries.  China has achieved the large-scale adop-
tion of battery electric vehicles through stringent emissions regulations, higher taxes 
on older and more polluting cars, and the provision of extensive charging infrastructure 
(43).  Since several developing countries depend on oil imports, battery electric vehicles 
offer a way to reduce fossil fuel imports and thereby save precious foreign exchange. 
Battery electric vehicles with fewer components are relatively easier to manufacture, 
compared to vehicles that run on an internal combustion engine. 

Developing countries typically have inadequate public transportation systems that 
lead to overcrowding and poor user experience. Battery electric vehicles when aug-
menting existing bus fleets can help improve the overall capacity, reduce overcrowding 
and hence improve user experience and help move people away from private modes 
of transport. In combination with transit-oriented development initiatives, this can en-
hance the image of transit projects in cities. 

However, battery electric vehicles can put a strain on the electric grid where there is 
limited capacity. Such vehicles can be promoted in countries for uses that provide the 
greatest co-benefits in terms of air quality, mobility, energy security and job creation. 
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Furthermore, strategies promoting battery electric vehicles should be coordinated with 
electrification plans and with improving the share of renewable sources of energy in 
electricity generation.  

3.3. Key policy-related issues

The necessary enabling conditions for the three selected technologies have been dis-
cussed under each technology separately. However, there are some common policies 
that cities and national governments need to undertake to introduce low-carbon and 
sustainable transport in cities.

Fuel taxation and subsidies. In many countries fossil fuels are subsidized, making in-
dividual modes of transport more affordable. However, this also makes it challenging to 
promote public transportation and alternative fuel and vehicle technologies. Therefore 
it is important to phase out any fossil-fuel subsidies.

Parking policies. Space in cities is quite expensive, and in the absence of any parking 
policies, precious public spaces are quickly taken over by parking for private vehicles. 
Therefore parking policies to decide on space allocations and the pricing of parking are 
essential. 

Taxation of vehicles. Stronger environmental regulations in developed countries 
sometimes create an incentive to export older and more polluting vehicles to develop-
ing countries. Therefore, it is essential to have vehicle taxation policies in developing 
countries that are related to the vehicle’s age and emissions characteristics.

Roadworthiness and scrappage policies. Vehicles must not be unsafe or very pollut-
ing. To ensure this, it is good practice to undertake periodic vehicle checks. Further-
more, a scrappage policy can be introduced to pay consumers a certain amount to 
scrap their vehicles. A scrappage policy will also allow track to be kept of vehicles in 
active use (43).
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