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INTRODUCTION 

National Clean Air Programme (NCAP), launched in 2019, is India’s flagship program for better air quality. NCAP 

designated 122 cities as non-attainment from 21 states and 2 union territories (Chandigarh and Delhi) based on the 

ambient monitoring data from the network operated by Central Pollution Control Board (CPCB). As of August 2021, 

the number of non-attainment cities has increased to 132. NCAP in its first round of activities aims to increase 

the capacity of the Pollution Control Boards both CPCB and SPCBs to measure, evaluate and manage air pollution. 

This includes improving capacity in preparation of an information baseline for emissions and assessment of source 

contributions, communication strategies to maintain and disseminate information, clean technology assessments and 

review, management development on inspection monitoring, awareness generation and designing strategies for air 

pollution mitigation.

Train for Clean Air (T4CA) is a regional training approach that aims to assist cities to create and implement Clean 

Air Plans (CAPs) and make informed policies and decisions. It includes standardized modular training courses 

customized for different stakeholders – decision-makers, technical staff, researchers, NGOs, and the media. Deutsche 

Gesellschaft für Internationale Zusammenarbeit (GIZ) in partnership with Clean Air Asia in 2008 developed T4CA 

modules for an international audience.  Clean Air Asia has used these modules to conduct several trainings to build 

the capacity of officials and strengthening implementation and monitoring of clean air action plans of different cities 

of Asia.

Support to the National Clean Air Programme the Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) 

GmbH under the Indo-German Development Cooperation and Bloomberg Philanthropies supported Clean Air Asia 

to develop five training manuals based on the T4CA manuals. Since the implementation of CAPs lies with the city, 

officials involved in the mitigation of air pollution need capacity development and could benefit through these 

manuals.

This manual titled Low Emission Mobility for Indian Cities is designed for a specific group of decision and 

policymakers whose functions encompass strategy planning for mobility in cities, transport planning, green mobility 

and clean technology for low emissions mobility. The manual highlights intervention areas that can help in better 

decision making to reduce air pollution in cities.

The training manual shall support the decision-makers and strengthen their knowledge on air quality management 

and be able to make decisions on city development and help better air quality in India.
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1. Low Emission Mobility 

Learning Objectives 
Goal

This manual enables participants to develop their 
understanding of  the impact of  transport emissions 
in the quality of  air in a city. It outlines the key 
components required to develop a low emission 
mobility programme that reduces urban air pollution. 
By working through this module, participants will 
achieve a higher level of  understanding of  transport, 
mobility, and urban air pollution. This includes 
measures to reduce the need to travel, shift to more 
efficient transport modes, and improve vehicle and 
fuel efficiency to achieve better air quality in Indian 
cities. 

Low Emission Mobility
For Indian Cities

1.1 Introduction 

Mobility increases opportunities, access to work 
and essential services (e.g., hospitals) and leisure 
activities. We often associate it with quality of  life and 
economic development, which is championed as a 
good thing that should be increased.

We can measure mobility in total distance travelled 
per person per year in kilometres (km) or the distance 
travelled by a person per day. Other dimensions 
include the number of  trips made each day or the 
number of  destinations that different modes can 
access over a specific time.1

While mobility has economic and wellbeing benefits, 
it also has negative consequences (see Figure 1). Road 

transport is a major contributor to urban air pollution. 
In 2019, air pollution accounted for nearly 1.7 million 
premature deaths in India, or 18% of  all deaths. Most 
of  these deaths were from outdoor fine particulate 
matter (PM) pollution, which increased by 115% from 
1990 to 2019.2

PM pollution is a major concern in India. Annual 
exposure to PM is increasing and is at its worse during 
the dry season (October–January). In 2017, this rise 
in PM pollution led the Indian Medical Association 
to declare a public health emergency in the National 
Capital Region of  Delhi.3 Strict measures to reduce 
PM emissions are therefore needed if  national 
ambient air quality standards are to be met.

1 Whitelegg, J. (2016) Mobility: A new urban design and transport planning philosophy for a sustainable future. Create Space, Amazon.
2 Lancet (2019) Health and economic impact of air pollution in the states of India: the Global Burden of Disease Study 2019. Lancet Planet Health 
 2021; 5: e25–38
3 Chowdhury, S., Dey, S., Guttikunda, Pillarisetti, A. et al. (2019) Indian annual ambient air quality standard is achievable by completely mitigating 
 emissions from household sources. PNAS May 28, 2019 116 (22) 10711-10716. Available online: https://www.pnas.org/content/116/22/10711

Target Audience

This manual is aimed at policymakers and technical 
staff  in cities whose role includes transport policy 
and planning, mobility management, air quality 
management by addressing transport issues, clean 
air action planning with transport interventions and 
overall championing air quality improvement and 
climate change mitigation.

Contents of  the Manual 

In this manual Low Emission Mobility for Indian Cities, 
participants will examine the contribution of  road 
transport to urban air pollution, the Avoid-Shift-
Improve Approach, and key measures available to 
reduce the contribution of  road transport or urban air 
pollution.

The manual contents include:
• Low emission mobility
• Road transport and air pollution
• Measures to reduce the need travel
• Measures to shift to more efficient transport modes
• Measures to improve vehicle and fuel efficiency
• Mechanisms to implement these measures. 

Objectives of  the Manual

The manual can be used to support training around 
Low Emission Mobility for Indian Cities. With the help of  
this manual participants can
• Describe the importance of  actions and measures 

aimed at reducing air pollution from road transport.
• Understand the link between mobility management, 

land use planning with air quality management. 
• Identify the range of  measures available to reduce 

emissions from road transport; and
• Design future mobility management programmes to 

reduce vehicle pollution in Indian cities.

6 |
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Figure 1: Impact of transport on environment and society Source: ITDP (2019)4

Over 70% of  all trips in Indian cities are within five 
kilometres and can be undertaken by non-motorised 
transport (NMT) such as walking or cycling. Already, 
48% of  Indian citizens either walk or cycle to work. 
However, the lack of  appropriate NMT infrastructure 
is encouraging a shift to greater private motor vehicle 
use.5

The transport sector is a major user of  fossil fuels 
directly, with motor vehicles burning gasoline and 
diesel fuel in internal combustion engines (ICE), and 
indirectly by consuming electric power for urban mass 
transit. India is now considered to be the world’s third 
biggest importer and consumer of  crude oil, some of  
which is used for transport.6

Globally, transport sector is responsible for a nearly 
a quarter of  greenhouse gas (GHG) emissions and 
is one of  the fastest growing sources of  GHG 
emissions. Transport emissions are rising faster than 
any other economic sector, with global transport 
GHG emissions expected to increase from 8 to 16 
billion tonnes (t) by 2050.7 This poses a significant 
challenge to achieving the 2015 United Nations Paris 
Agreement target to avoid dangerous climate change 
by limiting global heating to below 1.5◦C in order to 
avoid risks to health, livelihoods, food security, water 
supply, human security and economic growth. Far-

reaching transitions in transport and other sectors are 
therefore required to adapt to a changing climate and 
reduce emissions to avoid further climate change.

Under the UN convention on climate change 
(UNFCCC), each country has outlined efforts to 
reduce national emissions and adapt to the impact of  
climate change in national determined contributions 
(NDCs). Raising the ambition of  transport measures 
in NDCs can unleash the transport sector’s potential 
to meet global climate objectives. This will require 
national ambitions for transport to be implemented in 
practice on the ground at the city level.

1.2 Mobility In Indian Cities

Indian Cities have been divided into six tiers based on 
the 2011 Census population size: Tier 1 (100,000+); 
Tier 2 (50,000–99,999); Tier 3 (20,000–49,999); Tier 4 
(10,000–19,999); Tier 5 (5,000–9,999); and Tier 6 (less 
than 5,000). Tier 1 is the most developed cites and 
Tier 3 and below the least developed.8

Tier 1 includes the cities of  Bengaluru, Chennai, 
Delhi, Hyderabad, Kolkata, Mumbai, Ahmedabad and 
Pune. Tier 2 includes 95 cities including Agra, Ajmer, 

Aligarh, Amravati, Amritsar, Asansol, Aurangabad, 
Bareilly, Belgaum, Bhavnagar, Bhiwandi, Bhopal, 
Bhubaneswar, Bikaner, Bilaspur, Bokaro Steel City, 
etc. Tier 3 includes the remaining Indian cities.

Metropolitan cities that come under the Tier 1 
category (Mumbai and New Delhi) are economic 
growth centres of  India in terms of  their contribution 
to GDP, urban sprawl, employment creation, and 
vehicle growth. These cities are experiencing a 
positive impact of  economic growth on the vehicle 
growth but are also grappling with the challenge of  
traffic congestion. Other cities have a slow growth 
in the number of  private vehicles because of  pre-
existing mass transit such as in Mumbai and Kolkata. 
However, major metropolitan cities of  Bengaluru 
and Chennai are witnessing a vehicle boom due to a 
lack of  adequate mass transport services, increasing 
economic concentration of  industries and service 
sectors, economic migration and changing urban 
lifestyles.9

4 Solanki, H. K, Ahamad, F., Gupta, S. K., Nongkynrih, B. (2016) Road Transport in Urban India: Its Implications on Health. Indian J Community Med. 
 2016 Jan-Mar; 41(1): 16–22. Available online: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4746948/?report=printable#ref10
5	 Ministry	of	Housing	and	Urban	Affairs/Institute	for	Transportation	and	Development	Policy	(2019)	Complete	Streets:	Policy	Framework,	New	Delhi,	
 India. Available online: https://www.itdp.in/wp-content/uploads/2019/05/CS-Policy-Framework_Web-Version.pdf
6 Oil Importers by Country (2020) Available online: https://www.worldstopexports.com/crude-oil-imports-by-country/
7	 IPCC	(2018)	Global	Warming	of	1.5	◦C.	An	IPCC	Special	Report	on	the	Impacts	of	Global	Warming	of	1.5	◦C	Above	Pre-Industrial	Levels	and	
 Related Global Greenhouse Gas Emission Pathways, in the Context of Strengthening the Global Response to the Threat of Climate Change, 
	 Sustainable	Development	and	Efforts	to	Eradicate	Poverty;	Masson-Delmotte,	P.,	Zhai,	H.O.,	Pörtner,	D.,	Roberts,	J.,	Skea,	P.R.,	Shukla,	A.,	Pirani,	
 W., Moufouma-Okia, C., Péan, R., Pidcock, S., et al., Eds.; World Meteorological Organization: Geneva, Switzerland.
8 Reserve Bank of India (2016) Section 23 of the Banking Regulation Act, 1949 - Master Circular on Branch Authorisation - Census data 2011. 
	 Available	online:	https://rbidocs.rbi.org.in/rdocs/notification/PDFs/NT60319C925B21E045D9952EA3023925A8B9.PDF

9 Vijayalakshmi, S., Raj, K.(2019) Sustainable urban transport indicators: the case of mega cities of India. SDMIMD Journal of Management, 10(2):27-46
10 Vahan Dashboard (2021)
 Available online: https://vahan.parivahan.gov.in/vahan4dashboard/vahan/dashboardview. xhtml;jsessionid=4B5DA9508AFFA11B6E2EDBD18670E795
11 Ministry of Statistics and Programme Implementation (2018). Motor Vehicles.
 Available online: http://mospi.nic.in/statistical-year-book-india/2018/189
12 Sharma S., Kumar A. (Eds), 2016, Air pollutant emissions scenario for India. The Energy and Resources Institute. New Delhi, India.
	 Available	online:		https://www.toi.no/getfile.php/1348396-1530775816/Publikasjoner/Air%20pollution%20book.pdf
13 Ministry of Statistics and Programme Implementation (2018). Number of Motor Vehicles registered in India>
 Available online: http://mospi.nic.in/statistical-year-book-india/2018/189

1.3 Road Transport In Indian 
  Cities

Road transport is a major emitter of  polluting air 
emissions in Indian cities. The rapid growth in the 
ownership and use of  motor vehicles seen in Indian 
cities is contributing to the deterioration in urban air 
quality.

Total registered vehicles in India have grown from 
54 million in 2001 to 270 million by 2020.10 The 
largest increase has been in the number of  registered 
passenger vehicles, followed by two-wheelers (see 
Figure 2). However, there are more registered two-
wheelers on Indian roads than passenger vehicles 
(2016).11

The number of  motor vehicles in India is projected to 
grow to 427 million by 2031 and 933 million by 2051. 
The number of  private vehicles is expected to reach 
258 per 1,000 population by 2031, and 461 by 2050.12

Figure 2: Registered motor vehicles in India (2001-2016) Source: Ministry of Statistics and 
Programme Implementation (2018)13
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Motor vehicles, especially passenger vehicles and 
heavy-duty trucks are a major source of  air pollutants 
such as PM, nitrogen oxides (NOX) and carbon 
monoxide (CO) that contribute to the formation of  
ground-level ozone (O3).

In 2015, transport tailpipe emissions were responsible 
for about 11% of  global deaths from fine particulate 
emissions (PM2.5) and ground-level ozone–361,00 
deaths. The global health damages from transport 
tailpipe emissions are valued at approximately USD 
1 trillion (2015). The health risks of  air pollution 
are serious. Poor air quality contributes to health 
problems such as bronchitis, asthma, heart disease 
and brain damage. It heightens the risk of  life-
threatening conditions such as cancer, and places 
burdens on health care systems with substantial 
medical costs.14 Diesel emissions cause almost half  of  
all deaths by air pollution from transport.15

1.3.1 Two- and three-wheelers
Two-wheelers (2W) are used for personal transport 
but in India can they also be used for public or para-
transit transport because of  a lack of  formal public 
transport or public transport services. 2W include 
mopeds, scooters and motorcycles while motorised 
three-wheelers (3W) include auto-rickshaws which 
operate as flexible and affordable paratransit (i.e., 
taxis).16 Motorised 2&3W provide accessibility 
benefits in dense Indian cities for a range of  trips. 
These include private trips which are typically door-
to-door and to reach public transport. Commercial 
trips are undertaken to deliver urban freight and taxi 
trips. For 3W this can be contract carriage or demand-
based taxi services.17

In 2019, 2W sales in India reached an all-time high, 
when India’s auto industry sold 21 million units - 
double 2011 sales (11.77 million).18 Higher levels 
of  traffic congestion and narrow Indian streets 
have been contributory factors that have led to the 
popularity of  2W as a primary mode of  personal 

transport. For low-income groups, 2&3W are more 
affordable, flexible, reliable and faster than cars. 
They also provide employment opportunities with 
low entry costs (e.g., taxis). However, the increase 
in the use of  2&3W can lead to traffic congestion, 
road fatalities, higher levels of  fuel consumption and 
increased air pollution. 2&3W dependency in Indian 
cities could be reduced by improving the quality 
and use of  public transport and walking and cycling 
infrastructure.

2&3W operate with a speed range of  20-30 km with 
2W having an occupancy 1.3 persons per trip. This 
is like cars at 1.8 persons per trip.19 Most 2&3W are 
powered by two-stroke gasoline engines. However, 
there has been a significant increase in the number 
of  2W propelled by 4-stroke gasoline engines. Many 
3W are powered by two-stroke gasoline engines some 
use diesel, liquid petroleum gas (LPG) or compressed 
natural gas (CNG). However, there is now a move to 
electrify 2&3W to improve urban air quality. 

1.4 Impact Of Vehicle Emissions

In 2015, about 74,000 premature deaths were because 
of  transport emissions in India. This represents a 
28% increase in annual transport-attributable deaths 
compared with 2010.20 During the period 2010-
2015, the contribution of  transport to air pollutant 
concentrations in India increased - PM2.5 (8%) 
ground-level ozone (4%) and black carbon (10%).21 
Although India has tightened transport emission 
control policies, the most stringent policies have 
not yet taken effect. In particular, India’s Bharat VI 
standards that apply in 2020.

Increases in transport-related pollutant concentrations 
in India (2010 to 2015) show that the growth in 
transport activity outweighs improvements in vehicle 
efficiency. In the same period, transport emission 

14 Manisalidis, I., Stavropoulou, E., Starvropoulou, A., Bezirtzpglou, E. (2020) Environmental and health impact of air pollution: a review. Frontiers in 
 Public Health. Available online: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7044178/pdf/fpubh-08-00014.pdf
15 ICCT/CCAC (2019) A global snapshot of the air pollution-related health impacts of transportation sector emissions in 2010 and 2015. International 
 Council on Transportation/Climate and Clean Air Coalition. Available online: https://www.ccacoalition.org/en/resources/global-snapshot-air-pollution-
 related-health-impacts-transportation-sector-emissions-2010
16 Priye, S. and Manoj, M. (2020) Passengers’ perceptions of safety in paratransit. Safety Science 124: 104591.
	 Available	onnline:	https://www.sciencedirect.com/science/article/pii/S0925753519322027?via%3Dihub
17	 GIZ	(2018)	GIZ,	Bonn,	Germany.	
18 Statistca (2019) Two-wheeler sales in India FY 2011-2020. Available online: https://www.statista.com/statistics/318023/two-wheeler-sales-in-india/
19 ICCT (2019) Health impacts of air pollution from transportation sources in Delhi. Fact Sheet. International Council on Clean Transportation. 
 Available online: https://theicct.org/publications/health-impacts-air-pollution-transportation-sources-delhi
20 ICCT (2019) ibid.
21 See: https://www.ccacoalition.org/en/resources/global-snapshot-air-pollution-related-health-impacts-transportation-sector-emissions-2010

related deaths in India and China increased by 26%. 
In contrast, transport emission related deaths in the 
European Union (EU) and the United States declined 
by 14% and 15%, respectively.22

Air pollution in Indian cities affects the health, 
wellbeing and life chances of  hundreds of  millions 
of  men, women and children every day. In particular, 
exposure to PM2.5 pollution has been identified as the 
largest risk to human health. This is because of  their 
small size (less than 2.5 micrometres (μm)), which 
enables PM2.5 particles to penetrate deep into the 
respiratory system where they can cause a wide range 
of  negative health effects.

In particular, PM2.5 emissions from diesel vehicles 
are critically important given that the World Health 
Organization (WHO) has classified diesel engine 
exhaust as carcinogenic to humans since exposure to 
these emissions is associated with increased risk of  
lung cancer.23

Indian cities have high annual mean concentrations 
of  PM2.5 which exceeded the 40 µg/m3 limit set by the 
National Ambient Air Quality Standards (NAAQS) 
due to air pollution from several sources, including 
transport. In 2015, about 670 million people in Indian 
were exposed to PM2.5 concentrations that did not 
comply with the NAAQS.24

It is often the poor and socially marginalised who 
suffer disproportionately from the effects of  
deteriorating air quality because of  living near sources 
of  pollution. While there has been much progress to 
reduce vehicle emissions in the India over the years, 
this has not delivered better air quality. 

22 Dallmann, T., Bandivadekar, A. (2016). India Bharat Stage VI emission standards. Retrieved from the International Council on Clean Transportation, 
 https://www.theicct. org/publications/india-bharat-stage-vi-emission-standards
23 Lim, S.S., Vos, T., Flaxman, A.D., Danaei, G., Shibuya, K., Adair-Rohani, H., AlMazroa, M.A., Amann, M., Anderson, H.R., Andrews, K.G., Aryee, M., 
 Atkinson, et al (2012) A comparative risk assessment of burden of disease and injury attributable to 67 risk factors and risk factor clusters in 21 
 regions, 1990–2010: a systematic analysis for the Global Burden of Disease Study 2010. The Lancet 380, 2224–2260.
 Available online: https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(12)61766-8/fulltext
24 IIASA/CEEW (2019) Pathways to achieve national ambient air quality standards in India. International Institute for Applied Systems Analysis/Council 
 on Energy, Environment and Water, New Delhi, India.
	 Available	online:	https://www.ceew.in/sites/default/files/CEEW-IIASA-Pathways-to-National-Ambient-Air-Quality-Report-02May19.pdf
25 National Urban Transport Policy (2006)
	 http://www.indiaenvironmentportal.org.in/files/TransportPolicy.pdf
26 Ministry of Urban Development, Report of 12th Five Year Plan Working Group on Urban Transport Policy
27	 Ministry	of	Housing	and	Urban	Affairs	(2006)	Revised	Guidelines	for	Scheme	for	Urban	Transport	Planning.	New	Delhi,	India.	Available	online:	 
	 http://164.100.161.188/upload/uploadfiles/files/Guidelines%2014th%20May%202018.pdf
28	 WRI	India	(2017)	Ratification	of	the	National	TOD	Policy	and	its	Implication	for	Indian	Cities.	World	Resources	Institute	India,	New	Delhi,	India.	
	 Available	online:	https://wri-india.org/blog/ratification-national-tod-policy-and-its-implication-indian-cities

1.5 Transport Policy In India 

Recognising the rapidly growing problem of  the 
urban transport, the Government of  India approved 
the National Urban Transport Policy (NUTP) in April 
2006.25 The NUTP addressed the recommendations 
of  the Urban Transport Working Group in the 12th 
Five Year Plan26 to focus on the city level. The NUTP 
(2006) included integrated land use and transport 
planning and the development of  comprehensive 
mobility plans, public transport and NMT plans.27 

The NUTP has provided the basis for various 
transport projects and programmes in India such as 
the 2015 Atal Mission for Rejuvenation and Urban 
Transformation (AMRUT) and the 2015 Smart 
Cities Mission’s transport initiatives, 2020 National 
Electric Mobility Policy, and the 2014 Jawaharlal 
Nehru National Renewal Mission , and the 2017 
Green Urban Mobility Initiative (GUMI). In addition, 
the 2017 National Transit Oriented Development 
(NTOD) policy includes elements that contribute 
to developing green mobility in Indian cities.28 The 
NTOD encourages high-density, mixed land uses and 
compact developments.

Table 1 summaries the key transport policy initiatives 
and how they promote low emission mobility. While 
progress is being made towards more sustainable 
transport, we need further action to increase the use 
of  low emission transport modes, meet NAAQS and 
reduce the impact of  air pollution on human health 
and wellbeing in Indian cities.
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Table	1:	Summary	of	key	transport	policy	in	India	and	effect	on	low	emission	mobility

Table 2: Key characteristic of unsustainable and sustainable transport

Policy/Programme Key Features Effect on Low Emission 
Mobility

National Urban Transport Policy 
(2006)

Moving people, not vehicles. 

Aims to provide seamless 
connectivity to metro regions. 

Guidelines for the development 
of multimodal and sustainable 
urban transport systems.

Progress	in	providing	efficient	
bus transport in major cities. 

Creates comprehensive mobility 
plans. 

Placed a focus on bus, light
rail and intermediate public 
transport connections, although 
the walking and cycling last-
mile connectivity options were 
neglected. 

Atal Mission for Rejuvenation 
and Urban Transformation (2015)

Revised version of 2014 
Jawaharlal Nehru National 
Renewal Mission for 500 smaller 
cities. 

Focuses on various aspects of 
urban service delivery, and has 
specific	fund	allotted	to	create	
and enhance NMT.

Most of the states (and cities) 
have utilised the Mission’s funds 
for other urban renewal aspects, 
however NMTs have received 
only	2%	of	the	total	funds	
available. 

Poor validation and follow-up 
by the national mission on how 
each city is spending its intended 
funding.

Smart Cities Mission (2015) Providing the impetus to 
walkable communities is one of 
the focus areas. 

Promotes transit- oriented 
development, public transport
and last-mile para-transport 
connectivity. 

Promotes the role of technology 
in urban transport via Intelligent 
Traffic	Monitoring	Systems.	

Has furthered the green mobility 
cause through programmes and 
challenges aimed at cities. 

Since the Covid-19 pandemic 
has introduced programmes 
such as cycles4change and 
complete streets to enhance 
walkability and bike infrastructure 
in Indian cities. 

Scope for standardisation of the 
programmes and to ensuring that 
their outcomes continue to show 
positive results even after the 
programme’s challenges have 
ended. 

National Transit Oriented 
Development Policy (2017)

Comprehensive approach to 
creating sustainable mobility 
options in cities. 

Covers various aspects of 
transport policy and practice, 
including	finance	and	urban	
planning. 

In order to be implemented 
successfully across cities, 
changes must be made in the 
urban planning mandates. 

A comprehensive policy to 
be adopted and provide low 
emission mobility framework for 
the future. 

Key Features Unsustainable Transport Sustainable Transport

Transport volume Requires several trips because 
of sprawled urban development 
and	inefficient	logistics	network.

The demand for travel is 
minimised and journeys are 
short, owing to compact urban 
development, mixed land use 
and optimised logistical chains.

Transport modes Reliance on private motorised 
transport for passengers, and 
heavy goods vehicles for freight.

Most passenger trips are made 
by public or NMT, and freight is 
carried by rail and other low-
carbon modes.

Transport technologies Vehicles	are	inefficient,	fossil	fuel	
engines.

Low carbon vehicle technologies 
are mainstreamed, including 
highly	efficient	engines,	hybrids,	
plug-in hybrids and electric 
vehicles.

Transport planning The price paid by users for 
vehicles, fuel, parking and 
road space do not cover the 
full external costs to society, 
encouraging motorised vehicles 
use at the expense of more 
sustainable choices. 

The price paid by transport users 
fully ‘internalises’ the true costs, 
managing growth in motorised 
vehicle use and encouraging 
environmentally friendly 
alternatives. 

Resilience to climate change Transport system are highly 
vulnerable to changes in the 
climate

Transport assets are screened 
against vulnerability criteria and 
are developed in a way that is 
resilient towards the changes in 
the climate.

Source: adapted Ponkshe (2020)29

Source: Sakamoto et al. (2010)30

29 Ponkshe, A. (2020) Policymaking Towards Green Mobility in Indian cities. ORF Occasional Paper No. 277, October 2020, Observer Research 
 Foundation. 

30 Sakamoto, K., Dalkmann, H. and Palmer, D. (2010). A Paradigm Shift Towards Sustainable Low-Carbon Transport. Financing the Vision ASAP. New 
 York, USA: Institute for Transportation and Development Policy. Available online: http://www.itdp. org/documents/A_Paradigm_Shift_toward_Sustain
31 Handy, S (2020) Is accessibility an idea whose time has come? Transportation Research. Part D 83: 102319

1.6 Challenging The Mobility  
 Paradigm

Despite efforts to move to more sustainable 
transport, motor vehicle ownership and use is 
growing and still dominates the transport planning 
process. The provision of  additional road space and 
larger road infrastructure has been the traditional 
response to deal with increased transport demand. 
Most of  the solutions for transport have been based 
on addressing traffic - focusing on the movement of  

vehicles. Traffic congestion is because of  a lack of  
roads (from a supply perspective) and hence a push 
for more road infrastructure. Yet, the provision of  
more roads has not delivered the benefits of  reduced 
traffic congestion and air pollution.

There now is an increasing demand to challenge this 
unsustainable mobility paradigm and replace it with 
one based on sustainable low emission mobility where 
accessibility is a core feature. Table 2 outlines the key 
characteristics of  the transport system that need to 
change. 

We define accessibility as the potential of  
opportunities for interaction rather than simply the 
ease of  interaction.31 Although accessibility may be a 
goal in transport and land use plans, increasing traffic 
congestion, poor air quality and concern over climate 
change means there is a need for accessibility to have 
a stronger focus in transport planning.

While transformational change will take time, 
we require action now to move to low emission 
mobility in terms of  carbon and air pollutants. 
GHG emissions from transport need to be lower 
while emissions harmful to human health need to be 
reduced without delay.
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Providing a functioning, low emission transport 
system is complex and requires paradigm shifts, 
systems-thinking and creative solutions. Cities with 
high mobility are usually those that have good mass 
transit systems in which public transport modes 
are dominant, compared to cities that depend on 
private motorised vehicles such as passenger cars and 
motorcycles.

1.7 Avoid-Shift-Improve 
 Approach

As the Indian population has grown and cities 
expanded, demand for motorised vehicles in both 

personal and public transport has increased. This has 
placed substantial pressure on the urban environment 
and transport infrastructure.

Road traffic is now a major source of  polluting air 
emissions in Indian cities that harm both human 
health and the environment.

Although the Indian government has set limit values 
for the maximum amount of  air pollution, citizens 
still breathe dirty air due to polluting passenger cars 
and vans in urban centres.

A new sustainable approach has been developed to 
address transport demand, known as the Avoid-Shift-
Improve (A-S-I) approach (see Figure 3).32

Avoid refers to the need to improve the efficiency 
of  the transport system through integrated land use 
planning, transport demand management and reduce 
the need for motorised travel and lengths of  trips. It 
aims to disincentivise the use of  private motorised 
modes. 

Shift measures aim to improve trip efficiency, from 
high polluting modes of  transport modes (i.e., cars) 
to more zero/low emission mobility such as public 
transport (i.e., bus, rail), shared mobility and NMT 
such as walking and cycling.

Improve focuses on the optimisation of  vehicles, 
fuel efficiency and transport infrastructure to 
improve energy efficiency and has the potential for 
alternative energy use such as electrification. Measures 
include phasing out old vehicle fleets, improving fuel 
economy and introducing electric vehicles.

Five broad policy instruments can reduce transport 
emissions. These are:
1. Planning: to reduce the need to travel by 

bringing people and the activities they need to 
access closer together. It can also enable the 
implementation of  new transport infrastructure, 
including for public transport, cycling, and 
walking.

2. Regulatory: to restrict the use of  certain 
motorised vehicles but can also influence the 
types of  vehicles used and the standards that 
they should adhere to (both in terms of  vehicle 
performance and road regulations). 

3. Economic: to discourage the use of  motorised 
vehicles, which encourages the use of  alternative 
modes, or reduces the need to travel. Instruments 
can also improve accessibility and mobility 
for those without a private vehicle, through 
investment.

Figure 3: Avoid-Shift-Improve approach to sustainable transport Source: SUTP (2019)33

32	 GIZ	(2016)	Sustainable	Urban	Transport:	Avoid-Shift-Improve	(A-S-I).	GIZ,	Eschborn,	Germany.
	 Available	online:	https://ledsgp.org/wp-content/uploads/2016/01/SUTP_GIZ_FS_Avoid-Shift-Improve_EN.pdf	
33	 TUMI	(2019)	Sustainable	Urban	Transport:	Avoid-Shift-Improve	(A-S-I)	GIZ,	Eschborn,	Germany.
 Available online: https://www.transformative-mobility.org/assets/publications/ASI_TUMI_SUTP_iNUA_No-9_April-2019.pdf

4. Information: to increase the awareness of  
alternative modes, leading to a modal shift 
to walking or cycling. We can also provide 
information relating to improving driver 
behaviour and reduced fuel consumption. 

5. Technological: to reduce the impact on carbon 
emissions, for example, through developing 
cleaner fuels and improving vehicle efficiency. 

These five categories each comprise a range of  
measures that can form a key component of  low 
emission transport strategies. 

The A-S-I approach can contribute to reducing 
transport emissions, improving air quality and 
mitigating climate change. This approach improves 
efficiency and reduces emissions and increases 
adaptation by making transport systems more 
resilient as well as contributing to effective disaster 
management.

1.8 Structure Of The Manual 

In this manual we examine the actions city authorities 
in India can take by following the A-S-I approach to 
reduce transport emissions, improve air quality and 
promote low emission mobility. The manual is divided 
into six chapters including this introduction: Chapter 
2 Road Transport and Air Pollution; Chapter 3 Avoid 
the Need to Travel; Chapter 4 Shift to More Efficient 
Transport Modes; Chapter 5 Improve Vehicle and 
Fuel Efficiency and Chapter 6 Implementation. 
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2. Road Transport and
  Air Pollution 

2.1 Introduction 

Road transport comprises the movement of  vehicles, 
persons and freight, or access to goods, services and 
activities. We can classify these as either traffic, mobility, 
or accessibility. Traffic refers to the movement of  
vehicles with a focus on improving vehicle mileage 
and speed, Mobility involves the movement of  people 
or goods, and improving commute or delivery 
travel time while accessibility is the ability to reach 

“opportunities” such as goods, services, activities and 
destinations.34

Each approach has a distinct emphasis on who are 
the primary transport users, the various transport 
modes considered, and how these interplay with land 
use and urban planning. In addition, challenges and 
solutions to transport problems may also differ, while 
measuring success will vary based on the metric of  
choice (see Table 3).

34	 Litman,	T.	(2003)	Measuring	transportation:	traffic,	mobility	and	accessibility.ITE	journal	2003:	29.	
 Available online: http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.376.711&rep=rep1&type=pdf 35 Litman (200) ibid.

Table	3:	Traffic,	Mobility,	and	Accessibility

Traffic Mobility Accessibility

Refers to… movement of vehicles movement of people 
or goods

ability to reach desired 
goods, services, activities 
or destinations aka 
“opportunities”

Emphasis on improving vehicle 
mileage and speed

improving commute or 
delivery travel time 

improving access for 
societal	benefits

Travel/ Trip definition vehicle travel/ 
vehicle trip

• person-kilometres 
or ton-kilometres

• person-trip or 
freight vehicle-trip

movement to reach 
“opportunities”

Primary Users motorists (drivers and 
passengers)

motorists, as well as 
NMT modes

people and businesses 
that need to reach 
“opportunities”

Transport Modes automobile travel • automobiles
• ridesharing
• taxis 
• mass transit
• cycling
• walking

• traffic	modes
• mobility modes
• mobility substitutes or 

options 
• telecommuting
• delivery services

Land Use Focus proximity to highways 
and parking

• roadway access
• adequate parking
• transit services
• freight services
• cycling routes

• connections between 
transport and land use

• proximity between 
residence, work, 
institutions

• proximity to goods and 
services

• walkability

Transport Problems as costs, barriers and 
risks to motorists

as constraints on 
physical movement

as costs, barriers and risks 
to access of opportunities

Transport Solutions increase convenience 
and reduce costs of 
car and taxi travel

• increase vehicle 
capacity and 
speed

• improve mass 
transit and 
ridesharing

• high-speed trains
• better freight 

movement 
• efficient	

intermodal 
connections

• traffic	improvement
• mobility improvement
• providing mobility 

substitutes or options 
• better urban and land-

use planning

Source: Litman (2003)35
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Transport policy has traditionally attempted to meet 
growing transport demand by increasing road capacity 
and supplying more transport infrastructure. For 
example, a congested two-lane highway expanded to 
four-lanes to improve capacity may attract new traffic. 
This additional traffic is a direct consequence of  an 
improvement of  the network capacity. As a result, the 
road expansion has created ‘inducted traffic demand’ 
which causes the four-lane highway to become once 
again congested.36

Failure to allow for induced traffic demand in 
transport planning may overestimate user benefits 
of  transport network improvements, especially when 
new traffic affects travel conditions causing partial re-
congestion of  the network.

Evidence suggests that induced traffic does exist and 
may be significant in some situations. However, there 
remains wide variations in the quantitative evidence 
that make it difficult to draw conclusions as to the 
size of  the impact of  induced demand on road 

capacity improvements made to the strategic road 
network. We have now realised that taking a supply 
side approach to transport will not meet the need to 
improve urban air quality or the long-term goals of  
low emission sustainable transport.37

This chapter examines the different factors that 
determine the contribution of  air pollutant emissions 
produced by motorised road transport.

2.2	 Vehicle	Classifications

Aside from their number of  wheels, vehicles can be 
classified according to their weight with no load, their 
capacities in terms of  passenger occupancy or goods 
that they carry, as well as their general use (see Table 
4). Vehicles that carry more passengers or heavier 
loads such as buses and trucks usually have diesel 
engines. 

36 DoT (2018) Latest evidence on induced travel demand: an evidence review. Department of Transport, London, UK.
	 Available	online:	https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/762976/latest-evidence-on-
 induced-travel-demand-an-evidence-review.pdf
37 Mukunth, V. (2020) Simple road maps shows Indian cities are snaking towards ecological, social chaos. The Wire, 20 January 2020.
	 Available	online:	https://thewire.in/the-sciences/urban-road-layout-disconnectedness-traffic-cars-pedestrian-cycling-heat-island-climate-change

38 Clean Air Asia (2012) Accessing Asia: Air pollution and greenhouse gas emissions indicators for road transport and electricity sectors.
 Available online: https://www.gcca.eu/node/5284
39 The drivetrain of a motor vehicle is the group of components that deliver power to the driving wheels. This includes the transmission, the axles and 
 the wheels.
40 EEA (2016) Explaining road transport emissions: a non-technical guide. European Environment Agency, Copenhagen, Denmark. 
 Available online:  https://www.eea.europa.eu/publications/explaining-road-transport-emissions

Table	4:	Vehicle	classifications

Description Includes Excludes

Two-wheeler 
(2W)

A two-wheeled motor vehicle 
not exceeding 400 kg of 
unladen weight.

Vehicles with a cylinder 
capacity of 50 cc or above.

Bicycles

Electric bikes and 
scooters

Three-wheeler 
(3W)

A three-wheeled motor 
vehicle

Vehicles designed 
by manufacturers as 
3-wheelers; 2-wheelers 
fitted	with	extended	
chassis to increase 
passenger capacity

Pedicabs

Pedicabs	fitted	with	
motors

Passenger car 
(PC)

A motor vehicle, other than 
a moped or motorcycle, 
intended for the carriage of 
passengers and designed 
to seat no more than nine 
persons (including the driver).

Passenger cars
Vans designed and used 
primarily for passenger 
transport
Taxis, Hire cars
Ambulances
Motor homes

movement to reach 
“opportunities”

Multi-utility 
Vehicle (MUV)

A vehicle designed to carry 
passengers or goods unladen 
weight (ULW) + 450 kg (six 
passengers x 75 kg).

Description Includes Excludes

Bus A motor vehicle designed to 
carry up to 60 passengers. 

May have areas for 
standing passengers or 
designed to allow the 
carriage of standing 
passengers in the 
gangway

Light commercial 
vehicle (LCV)

A vehicle with a gross vehicle 
weight of not over 3,500 
kg that is designed, only or 
primarily, to carry goods. 

Vans designed for and 
used primarily for the 
transport of goods
Pickups; Small trucks

Heavy 
commercial 
vehicle (HCV)

A vehicle with a gross vehicle 
weight above 3,500 kg that is 
designed, only or primarily, to 
carry goods.

Source: Clean Air Asia (2012)38

2.3 Vehicle Emissions 

Vehicle emissions depend on the age of  the vehicle 
and the emission rate of  different vehicle categories. 
Conventional motor vehicles are inefficient for only 
18 to 25% of  the energy available from the fuel is 
used to move it on the road, depending on the driving 
conditions (see Figure 4). The remaining energy is 

lost to engine and drivetrain inefficiencies.39 A small 
proportion of  the energy produced is used to power 
vehicle accessories (e.g., radio, air conditioning).

There is significant potential to further improve fuel 
efficiency using advanced technologies. New diesel 
engines stay more fuel efficient than petrol engines, 
but their air pollution impact is worse because of  the 
higher emissions of  NOX and PM emissions.

Figure	4:	Efficiency	of	motor	vehicles	 Source: EEA (2016)40
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On-road conventional motor vehicles produce both 
exhaust and non-exhaust emissions.41 Exhaust PM 
is emitted from the tailpipe because of  incomplete 
combustion of  fuel inside the engine chamber. 
Non-exhaust PM emissions are generated from the 
abrasion of  tyres, road, and brake wear, and from 
the resuspension of  the dust from the road surface 
because of  vehicle-induced turbulence. Non-exhaust 
PM is now seen as being just as hazardous to human 
health as exhaust particles.42

2.3.1 Exhaust emissions 
Exhaust emissions are produced from different 
petroleum products such as petrol, diesel, natural 

gas and LPG. These fuels are mixtures of  different 
hydrocarbons, which are compounds that contain 
hydrogen and carbon atoms.

In a ‘perfect’ engine, oxygen in the air would react in a 
combustion process with all the hydrogen in the fuel 
to form water and with all the carbon in the fuel to 
form carbon dioxide (CO2), while the nitrogen in the 
air would stay unaffected. However, no combustion 
process is ‘perfect’. Vehicle engines emit different 
pollutants besides water and CO2.

The amount of  each pollutant emitted depends on 
the fuel used. For example, a review of  the evidence 
of  CNG vehicle emissions found they produce a 
sizeable amount of  particulate pollution, especially 
ultrafine particles (PM2.5). In addition, CNG vehicles 
emit ammonia, which further contributes to PM2.5 
pollution.43

2.3.2 Non-exhaust emissions 
The non-exhaust emission sources cover brake wear, 
tyre wear, road wear, and resuspension. The level of  
these emissions depend on vehicle weight, the age of  
the tyre, driving behaviour, road type, road dust, and 
meteorology. 

Abrasion emissions include PM and some heavy metals 
produced by the mechanical abrasion and corrosion 
of  vehicle parts. High levels of  PM emissions can 
be generated from the mechanical abrasion of  the 
vehicle’s tyres, brakes and clutch, the road surface 
wear or the corrosion of  the chassis, bodywork and 
other vehicle components.

Evaporative emissions include volatile organic 
compounds which result from vapours escaping 
from the vehicle’s fuel system. Petrol fuel vapour has 
different hydrocarbons (HCs), which can be emitted 
any time when fuel is in the tank, even when the 
vehicle is parked with its engine not running.

Future non-exhaust emissions are expected to 
increase despite a reduction in exhaust emissions. 
Quantifying non-exhaust emissions, especially in 
developing countries, remains a key challenge.44 Box 1
presents the presents the results of  a study of  non-
exhaust emissions in New Delhi.

41 EEA (2016) ibid.
42	 Lawrence,	S.,	Sokhi,	R.,	Ravindra,	K.,	2016.	Quantification	of	vehicle	fleet	PM10	particulate	matter	emission	factors	from	exhaust	and	non-exhaust	
 sources using tunnel measurement techniques. Environ. Pollut. 210, 419–428. https:// doi.org/10.1016/j.envpol.2016.01.011.
43 T&E (2020) Compressed natural gas vehicles are not a clean solution or transport, Transport and Environment,Brussels, Belgium.
	 Available	online:		https://www.transportenvironment.org/sites/te/files/publications/2020_06_TE_CNG_particle_report.pdf
44 Singh, V., Biswal, A., Kesarkar, A. P., Mor, S., Ravindra, K. (2020) High resolution vehicular PM10 emissions over megacity Delhi: Relative 
 contributions of exhaust and non-exhaust sources. Science of the Total Environment 699 (2020) 134273
 https://doi.org/10.1016/j. scitotenv.2019.134273

45 Singh et al. (2020) ibid.
46 Singh et al. (2020) ibid.

One study (2020) estimated on-road vehicle non-exhaust PM emissions due to brake wear, tyre wear, road 
wear and resuspension in New Delhi.45 It calculated the relative contribution of  non-exhaust emissions 
to the total vehicle emissions. Total PM10 emissions in New Delhi were 31.5 Gg/year and are dominated 
by the non-exhaust sources. The non-exhaust emissions were found to be six times (86%) of  the exhaust 
emission (14%). The highest contribution to the total vehicle PM emission comes from cars (34%) 
followed by buses (23%) and heavy commercial vehicles, (17%), mainly because of  resuspension of  dust.

The study suggests cars and buses contribute less to exhaust PM10 emissions and more to non-exhaust 
PM10 emissions. Major roads are the largest contributors to the total emissions in New Delhi. The 
emissions from heavy commercial vehicles, diesel cars along with the other diesel vehicles result in diesel 
vehicles contributing more than the petrol vehicles to both exhaust and non-exhaust emissions. 

It is estimated that 58% of  the total PM emission is because of  the diesel vehicles followed by CNG and 
petrol vehicles. While diesel vehicles show relatively higher contribution in exhaust emissions, the CNG 
vehicles show enhanced contribution in non-exhaust emissions. Petrol cars contribute more to non-
exhaust emissions, because diesel cars contribute more to exhaust emissions. The study found that the 
relative contribution in exhaust and non-exhaust does not change significantly with the age of  the vehicle.

Box 1: Non-exhaust emissions in New Delhi

Source: Singh et al. (2020)46
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2.4 Vehicle Pollutants

The Indian government regulates the several pollutants produced by road vehicles that are harmful to human 
health (see Table 5).

Table 5: Regulated vehicle pollutants in India

Hydrocarbons (HCs) HC are produced from incomplete combustion which are toxic to human 
health. HCs, and particularly the volatile organic compounds (VOCs), 
contribute to the formation of ground-level ozone and photochemical 
smog in the atmosphere. Ozone irritates the eyes, damages the lungs, 
and aggravates respiratory problems.

Carbon monoxide (CO) CO is a product of incomplete combustion, which occurs when the 
carbon in the fuel is only partially oxidised, forming CO and not CO2. It is 
colourless and odourless but highly toxic. Direct exposure to CO reduces 
the	flow	of	oxygen	in	the	bloodstream	and	is	dangerous	to	people	with	
heart disease. Like HCs, CO also contributes to the formation of ground-
level ozone and smog. 

Particulate matter (PM) PM  is a product of incomplete combustion and a complex mixture of 
both primary and secondary PM. ’Primary’ PM is the fraction of PM that 
is emitted directly into the atmosphere, whereas ’secondary’ PM forms 
in the atmosphere following the release of precursor gases (mainly 
sulphur dioxide (SO2), nitrogen oxides (NOX), ammonia (NH3) and some 
VOCs). In terms of its potential to harm human health, PM is one of the 
most important pollutants, as it penetrates into sensitive regions of the 
respiratory system and can cause or aggravate cardiovascular and lung 
diseases and cancers.

Nitrogen oxides (NOX) NOX	makes	up	a	group	of	different	chemicals	that	are	all	formed	by	the	
reaction of nitrogen — the most abundant gas in air — with oxygen. 
NOX comprises colourless nitric oxide (NO) and the reddish-brown, very 
toxic and reactive nitrogen dioxide (NO2). NOX emissions also lead to the 
subsequent formation of ’secondary’ PM and ground-level ozone in the 
atmosphere, and cause harm to the environment by contributing to the 
acidification	and	eutrophication	of	waters	and	soils.

Source: EEA (2016)47

An assessment of  pollutant emissions at the national 
and state level from road transport in India (2001-
2013) found an 8-9% increase in CO2, NOX, CO, 
PM, HC, methane (CH4) and sulphur dioxide (SO2), 
emissions.48

State emission estimates found that Maharashtra, 
Gujarat, Tamil Nadu, Kerala, Uttar Pradesh, 
Rajasthan, Andhra Pradesh, Karnataka and New 
Delhi are responsible for approximately 68% of  total 
emissions of  CO2, CO, CH4, NOX, SO2, HC and PM. 
Cars, buses, 2W and LCVs are the major contributors 
of  CH4, HC, CO in all key states. In Uttar Pradesh 

and Punjab, 2W and tractors were major contributors 
while in Kerala buses are the biggest contributor to 
emissions of  NOX and CO. In contrast, passenger 
cars, 2W and LCVs are major contributors in New 
Delhi.

Gasoline powered 2&3W emit high levels of  CO, 
NOX, PM, HC, and sulphur oxides (SOX). Diesel 
engines emit high levels of  PM, NOX, and SOX, if  the 
level of  sulphur in diesel is high. A 2019 assessment 
of  real-world of  CO, HC, and NO emissions from 
four motorcycles of  different sizes in Chennai was 
undertaken using a portable emission monitor.49

47 EEA (2016) ibid.
48 Singh, R., Sharma, C. and Agrawal, M. (2017) Emission inventory of trace gases from transport in India. Transportation Research Part D, 1361 – 
 9209
49 Mahesh, S. et al. (2019) Real-world emissions of gaseous pollutants from motorcycles on Indian urban arterials. Transportation Research Part D 76 
 (2019) 72–8

Real-world tests undertaken to measure the emissions 
in real-time could capture emissions during typical 
driving conditions on urban roads. The study found 
that CO emission from motorcycles is higher 
than national Bharat Stage emission standards. 
Also, the CO, HC and NO emissions from a two-
stroke motorcycle were higher than the four-stroke 
motorcycles. It is therefore important to quantify 
accurately real-world emissions from motorcycles on 
Indian urban roads and to plan policies for air quality 
improvement.

In New Delhi, 2W emit nearly 32% of  urban air 
pollutants. Diesel-run trucks account for 28%, and 
private cars are the third biggest polluter at 22%.50 

In 1988, a landmark verdict by the Supreme Court 
converted the entire public transport fleet of  the 
city from petrol and diesel to CNG. However, recent 
evidence suggests that CNG does not reduce PM 
pollution.51

2.5 Human Exposure To 
  Vehicle Emissions 

Air pollution has detrimental effects on human health 
and the natural environment. While air pollution is 
linked to respiratory diseases, it can also have adverse 
effects on the cardiovascular, nervous, urinary, 
digestive and reproductive systems.52

Urban on-road vehicles are an important source of  
fine PM2.5, but spatially variable traffic emissions and 
vulnerable populations make it difficult to assess 
impacts to inform policy and the public.53

In Indian cities, vehicle emissions are increasing 
because of  a deteriorating mass transport services and 
a shift to personalised motor vehicle use. Nearly 20% 
of  passenger transport emission is by private cars, 

although they only contribute 4% of  total passenger 
transport activity.54

Traffic pollution levels are determined by the volume 
and spatial distribution of  the air pollutant emissions, 
as well as dispersion conditions. The exposure 
of  a population to traffic pollutants emissions is 
determined by the number of  people in polluted 
areas, how long they stay there and what they do.

In street canyons (where pollutants are trapped) with 
heavy traffic, concentration levels of  all transport-
related pollutants are higher than in areas not affected 
directly by pollution sources, with urban background 
pollution levels. In a 0.5-km-wide belt along major 
urban highways, concentrations of  nitrogen dioxide 
(NO2), black smoke (or soot) and ultrafine particles 
(PM0.1) are higher than in areas with less traffic. 
Several other transport-related pollutants, however, 
spread more uniformly over extensive areas of  a city.55

Travellers are often exposed to levels that are three 
times the background levels. In-vehicle exposures 
are high for primary exhaust gases and PM. Groups 
with high levels of  exposure include people who live 
near busy roads or who ventilate their homes with air 
from road canyons with heavy traffic, road users (such 
as drivers, commuters and pedestrians) and people 
whose jobs require them to spend a long time on the 
roads.

Non-smoking traffic police officers in the Indian 
city of  Patiala, were found to have a reduction in 
respiratory functions compared to an unexposed 
controlled group in the same age group.56 Traffic 
pollution in Bengaluru affected the health and 
business of  roadside vendors.57 Auto-rickshaws 
drivers in the city of  Dhanbad had high health risk of  
being exposed to PM pollution with exposure dose 
being affected by the traffic congestion, driving cycles 
and the geometry of  road network.58

50 India Today (2018) Two-wheelers are causing maximum air pollution.
 Available online: https://www.indiatoday.in/mail-today/story/two-wheelers-are-causing-maximum-air-pollution-1377531-2018-10-29
51 T&E (2020) Compressed natural gas vehicles are not a clean solution or transport, Transport and Environment, Brussels, Belgium.
	 Available	online:		https://www.transportenvironment.org/sites/te/files/publications/2020_06_TE_CNG_particle_report.pdf
52	 Kampa,	M.	and	E.	Castanas.	2008.	Human	health	effects	of	air	pollution.	Environmental	Pollution	151:	362-367.
53	 Kheirbek,	I.,	Haney,	J.,	Douglas,	S.,	Ito,	K.,	Matte,	T.	The	contribution	of	motor	vehicle	emissions	to	ambient	fine	particulate	matter	public	health	
 impacts in New York City: a health burden assessment. Environmental Health, 15:89
54	 Kampa,	M.	and	E.	Castanas.	2008.	Human	health	effects	of	air	pollution.	Environmental	Pollution	151:	362-367.
55	 Kryzanowski,	M,	Kuna-Dibbert,	B.	and	Schneider,	J.	(eds)	(2016)	Health	effects	of	transport-related	air	pollution.	World	Health	Organization,	
	 Geneva,	Switzerland.	Available	online:	https://www.euro.who.int/__data/assets/pdf_file/0006/74715/E86650.pdf
56	 Gupta,	S.,	Mittal,	S.,	Kumar,	A.	and	Singh,	K.	D.	(2011)	Respiratory	effects	of	air	pollution	among	nonsmoking	traffic	policeman	of	Patiala,	India.	
 Lung India, 28(4):253-257. Available online: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3213710/
57	 Lavanya,	A.,	Kiruthikarsi,	S.,	Aishwarya,	H.	S.,	Surendarnath,	K.,	Shashank,	S.,	Devakumar,	G.	(2020)	An	empirical	study	on	impact	of	traffic	
	 pollution	on	health	of	roadside	vendors	and	its	effects	on	their	business.	Indian	Journal	of	Public	Health	Research	and	Development,	11(3).	
 Available online: https://medicopublication.com/index.php/ijphrd/article/view/823/758
58	 Gupta,	S.	K.	and	Elumala,	S.	P.	(2019)	Exposure	to	traffic-related	particulate	matter	deposition	dose	to	auto	rickshaw	driver	in	Dhanbad,	India.	
 Atmospheric Pollution Research 10(4): 1129-1139.
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An assessment of  human health risk to air pollutants 
(i.e., PM10, PM2.5, SO2 and NO) in 36 transport 
corridors of  the National Capital Territory of  Delhi 
found high rates of  death and disease in the vicinity 
of  the transport corridors. In particular, two transport 
corridors recorded a maximum number of  excess 
cases of  disease regarding hospital admission because 
of  COPD (Chronic Obstructive Pulmonary Disease) 
and cardiovascular illness. Further, excess numbers of  
cases were reported alongside the transport corridors 
throughout New Delhi. The study highlighted 
the traffic-induced human health risk in different 
residential and other areas.59

Urban planning and development also influence 
exposure to air pollutants; they determine not only 
patterns of  residence and mobility but also the 
availability of  public transport and non-motorised 
transport options. Although the data and models 
restrict the possibility of  making precise estimates and 
predictions of  exposure patterns, traffic can still be 
said to be responsible for an increasing proportion of  
the population’s exposure to air pollution.

2.6 Climate Pollutants And 
  Motorised Transport

Air quality and climate change are closely 
interconnected. With increasing global temperatures 
associated with human activity, GHG and other 

59 Kumar, A and Mishra, R. K. (2018) Human health risk assessment of major pollutants at transport corridors of Delhi, India. Journal of Transport & 
 Health, 10:132-143. Available online: https://www.sciencedirect.com/science/article/abs/pii/S2214140517300610
60 UNEP/WMO (2011) Integrated Assessment of Black Carbon and Tropospheric Ozone. United Nations Environment Programme/World 
 Meteorological Organisation.
61 USEPA (2012) Basic Information- Black Carbon, USEPA, Washington DC, USA. Available online: http://www.epa.gov/blackcarbon/basic.html

62 Trevedi, S, Prasad, R, Mishra, A, Kalam, A, Yadav, P (2020) Current scenario of CNG vehicular pollution and their possible abatement technologies: 
 an overview. Environmental Science and Pollution Research, https://doi.org/10.1007/s11356-020-10361-7
63	 UNEP	(2013)	Short-Lived	Climate	Pollutants	Definitions.
	 Available	online:	http://www.unep.org/ccac/Short-LivedClimatePollutants/Definitions/tabid/130285/Default.aspx>
64 WRI (2019) Enhancing NDCs: opportunities in transport. World Resources Institute, Washington DC, USA. Available online: https://wriorg.
 s3.amazonaws.com/s3fs-public/enhancing-ndcs-opportunities-transport.pdf
65 Gargava, P. and Rajagopalan, V. (2016) Source Apportionment Studies in Six Indian Cities— drawing Broad Inferences for Urban PM10 reductions. 
	 Air	Quality,	Atmosphere	and	Health	9(5):	471–	81.	http://dx.doi.org/10.1007/s11869-015-0353-4.
66	 Cropper,	Maureen	L.	et	al.	(2006)	The	Health	Benefits	of	Air	Pollution	Control	in	Delhi.	American	Journal	of	Agricultural	Economics	79(5):	1625.

substances that keep the sun’s radiation in the earth’s 
atmosphere are now considered as climate pollutants.

Common air pollutants, such as black carbon, CH4, 
ground-level O3, and hydrofluorocarbons are the 
most important contributors to the human-made 
global greenhouse effect after CO2.

These pollutants are called short-lived climate 
pollutants and are powerful climate forcers that 
remain in the atmosphere for a much shorter time 
than CO2, yet their potential to heat the atmosphere 
can be many times greater.60

Ambient air pollutants stay in the atmosphere for 
a short period (e.g., days or weeks). In contrast, 
CO2 has a lifetime of  approximately 150 years and 
methane 12 years. These pollutants affect the climate 
of  countries around the world.

Though differentiated by the time they stay in the 
atmosphere, emissions of  some GHGs and air 
pollutants are from the same sources such as fuel 
combustion in transport, power generation and 
industry, and biomass burning.

The transport sector is a significant contributor 
to climate pollution. Incomplete fuel combustion 
produces emissions of  primary particles of  black 
carbon, organic carbon, CO, CH4 and volatile organic 
compounds (VOCs). Table 6 lists key transport 
climate pollutants and their environmental effects.

Table 6: Climate Pollutants from motorised transport

What it is Why is it harmful? Related Fuels
& Vehicles

CO2 Carbon dioxide, a product of 
combustion of organic matter

increased anthropogenic CO2 
emissions are correlated to 
increased global temperatures; 
a long-lived greenhouse gas 
that stays in the atmosphere 
for decades to more than a 
millennium 

any burning of 
fossil fuels would 
emit CO2

BC Black carbon, a component of 
particulate matter 

the most strong light absorbing 
component of particulate matter, 
a major component of soot; is a 
more potent absorber of heat than 
CO2

mostly from 
heavy duty diesel 
engines and 
vehicles61

What it is Why is it harmful? Related Fuels
& Vehicles

HFCs Hydrofluorocarbons,	used	for	cooling	
as replacement for ozone-depleting 
substances

the most potent of greenhouse 
gases (nearly 4,000 times 
more than CO2); lasts in the 
atmosphere for 15 years

mobile vehicles 
air conditioning

O3 Ozone, formed from oxygen gas 
via ultraviolet light or electrostatic 
discharge

lasts for weeks in the atmosphere, 
contributes to atmospheric 
warming,	affects	plant	
photosynthesis and crop health

from 
photochemical 
oxidation of 
NOX, CO, VOCs 
and other air 
pollutants

CH4 Methane is a colourless as well as 
odourless gas. In general, hydrogen 
sulphide (which smells like rotten egg) 
is usually mixed with Compressed 
Natural Gas (CNG) in order to detect 
its presence during leakage.

CH4 is 23 times more potent 
than CO2 in trapping heat in 
Earth’s atmosphere, lasts in the 
atmosphere for12 years

CH4 has been 
found in the tail-
pipe emissions of 
CNG vehicles62

Source: Adapted UNEP (2013)63

Opportunities exist to achieve air and climate co-
benefits in the transport sector. These include 
avoiding the need to travel, shifting to low emission 
modes and improve energy efficiency of  transport.

For example, accelerating electrification while 
addressing fuel economy; strengthening measures that 
support travel by low-carbon modes; and exploiting 
new opportunities to address freight emissions via 
electrification and use of  information technology.64 

These will not only improve urban air quality but 
contribute to reducing climate pollution.65

One concrete example is the design of  an effective 
public transport system in a rapidly urbanising city. 
This not only addresses local development concerns 
such as traffic congestion but also results in shorter 
commuting times, fuel savings, and improvement in 
local air quality. The associated GHG reduction will 
then contribute to climate change mitigation.66

Key Messages
• Mobility involves the movement of  people and goods while accessibility is the ability to reach such 

as goods, services, activities and destinations. 
• PM pollution is detrimental to human health. This is because small size PM particles can penetrate 

deep the respiratory system where they can cause a wide range of  negative health effects.
• On-road conventional motor vehicles produce both exhaust and non-exhaust emissions. Exhaust 

PM is emitted from the tailpipe because of  incomplete combustion of  fuel. Non-exhaust 
PM emissions are generated from the abrasion of  tyres, road, and brake wear, and from the 
resuspension of  the dust from the road surface because of  vehicle-induced turbulence.

• Common air pollutants, such as black carbon, methane, ground-level ozone, and 
hydrofluorocarbons are the most important contributors to the human-made global greenhouse 
effect after carbon dioxide. 

• Opportunities exist to achieve air and climate co-benefits in the transport sector. These include 
avoiding the need to travel, shifting to low emission modes and improve energy efficiency of  
transport.
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3. Avoid The Need 
  To Travel  

Mobility, especially as motorised transport, requires 
an increasing share of  land, both within cities and 
in rural areas. The location of  a city together with 
the geographic characteristics of  the region reflects 
historic transport patterns and affects current 
challenges to transport efficiency.

Transport is linked to how the city has developed. 
Population density and the land-use mix affect 
travel behaviour such as mode choice and trip 
distance, measured in vehicle kilometres.67 The 
spatial distribution of  housing, working, shopping, 
leisure, and other activities influences the average trip 
distances in urban transport. High population density, 
as well as a mixture of  land use for various social and 
economic activities, maintain low distances between 
origins and destinations of  urban trips. Conversely, 
low-density development can lead to long trips for 
essential services.

The A-S-I Approach aims to improve the efficiency 
of  the transport system. This involves avoiding the 
need to travel, reducing vehicle kilometres travelled 

and resulting air pollutant emissions. Avoid include 
a range of  regulatory, economic and infrastructure 
and information instruments (see Table 7). Measures 
include transit-oriented development, telecommuting 
to reduce travel, pricing mechanism to change 
behaviour and encourage use of  environmentally 
friendly modes (e.g., road use charges).68

Telecommuting is where individuals primarily work 
from sites that are miles away from central offices. 
The advantages include reduced traffic congestion 
and less commuting, higher productivity and better 
work–family balance.69 The Covid-19 pandemic 
caused a large proportion of  the Indian workforce 
unable to commute to work, in order to reduce 
the spread of  the virus. This has resulted in both 
employers and employees seeking alternative work 
arrangements. Work from home (WFH) became 
a policy priority, and many have experienced the 
benefits and the challenges of  telecommuting such 
as poor technology and/lack of  telecommunication 
infrastructure.

67 Ewing, R. and Cervero, R. (2001). Travel and the built environment: A synthesis. Transportation Research Record: Journal of the Transportation 
 Research Board, 1780, 87–114.
68 UNEP (2012) The Emission Gap Report 2012, UN Environment Programme, Nairobi, Kenya.
69 Raghurum, S. (2014) Telecommuting in India: pitfalls and possibilities. South Asian Journal of Human Resources Management 1(2) 207–220

70	 RGF	International	Recruitment	(2020)	61%	of	employers	in	India	plan	to	continue	flexible	work	arrangements	beyond	the	COVID-19	pandemic.	
	 CISION	PR	Newswire,	New	Delhi,	India.	https://www.prnewswire.com/in/news-releases/61-of-employers-in-india-plan-to-continue-flexible-work-
 arrangements-beyond-the-covid-19-pandemic-888585366.html
71	 Bakker,	S,	Dematera	KC,	Kappiantari,	M,	Tuan,	N	A,	Guillen,	M	D,	Gunthawong,	G,	Zuidgeest,	M,	Liefferink,	D	and	van	Maarseveen,	M	(2017).	
 Low-Carbon Transport Policy in Four ASEAN Countries: Developments in Indonesia, the Philippines, Thailand and Vietnam Sustainability 2017, 9, 
 1217; doi:10.3390/su9071217
72 Worldometer (2020) India Population. Available online: https://www.worldometers.info/world-population/india-population/

Although remote working arrangements were 
previously not as widely popular before the Covid-19 
pandemic in India, a 2020 survey found 93% of  
employers have embraced the option, and 61% intend 
to continue with them. Employers in India are also 
adopting digital solutions to overcome telecommuting 

limitations, with 63% doing more frequent video calls 
to keep their staff  motivated, and 48% of  companies 
choosing to speed up online interviews.70 If  WFH 
becomes the norm, this could further avoid the need 
to travel and reduce commuting, traffic congestion 
and air pollution. 

Table 7: Examples of Avoid policy instruments to reduce the need to travel

Strategy Type of policy instrument Policy/Measures

Avoid Infrastructure Information and communication 
technologies

Information Telecommuting

Regulatory Transport-land use planning 
integration

Avoid/Shift Regulatory Transit-oriented development

Reduce available parking spaces

Vehicle use restrictions (e.g. 
banning vehicle, types, number 
plate schemes)

Vehicle sale limits

Traffic	calming,	access	
restrictions

High occupancy vehicle lanes

Street design standards

Economic Parking pricing

Road pricing/congestion 
charging

Source: Bakker et al. (2017)71

This chapter focuses on integrated land use and transport planning which includes mixed land use and access to 
mass transport.

3.1 Urban Sprawl

Rapid urban growth and development have resulted in India’s urban population increasing from 80 million 
(1960) to 483 million (2020). This is a rise of  18% to 35% of  India’s total population.72

TRAVELLING
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Although India is one of  the less urbanised countries 
of  the world, it is facing an urban growth crisis. This 
phenomenon of  urban growth is not confined only to 
plain areas, but Himalayan mountainous areas which 
are also fragile ecosystems.73

Population growth, migration from other places, 
industries, economy and proximity to resources and 
basic amenities have all contributed to urbanisation. 
As a population increases in a particular urban area, 
the urban boundary expands to accommodate the 
growth; this expansion is termed urban sprawl. 
Unplanned and uncontrolled rapid growth has 
negative effects on the health and wellbeing of  urban 
dwellers, such as air pollution, occupational hazards 
and traffic injury, and risks caused by dietary and 
social changes.

The increase in the urban population is because of  
large-scale migration of  people from rural and smaller 
towns to bigger cities in search of  better employment 
opportunities and better quality of  life. Urban sprawl 
has resulted in a loss of  productive agricultural lands, 
open green spaces and surface water bodies.

73	 Bhat,	P.	A.,	ul	Shafiq,	M.,	Mir,	A.	A.,	Ahmed,	P.	(2017)	Urban	sprawl	and	its	impact	on	landuse/landcover	dynamics	of	Dehradun	City,	India.	
 International Journal of Sustainable Built Environment, 6:2, 513-521. https://doi.org/10.1016/j.ijsbe.2017.10.003
74 Petersen, R. (2004) Land Use Planning and Urban Transport. Sustainable Transport: A Sourcebook for Policy-makers in Developing Cities Module 
	 2a,	GIZ,	Eschborn,	Germany.
75 UNEP (2016) A Toolkit for Preparation of Low Carbon Mobility Plan. UN Environment Programme, Nairobi, Kenya.
 Available online: https://www.unep.org/resources/report/toolkit-preparation-low-carbon-mobility-plan

Urban functions are spreading beyond traditional 
city borders to meet the changing preferences of  
settlers and commercial investors. The process of  
suburbanisation varies in different countries and is 
influenced by different political, social, and economic 
circumstances.

For middle- and high-income groups, a key reason 
for private households moving outward, away from 
the dense urban areas to more rural structured places, 
are lower market prices for single-family homes 
and better environmental qualities. In low-income 
countries with high population growth, semi-legal 
settlements and large housing estate developments 
drive this outward growth. 

Suburbanisation and rural settling of  private housing 
can mean commuting to the cities transport over 
longer distances. Although high-income commuters 
and shoppers use the private car, low-income groups 
depend on poor quality public transport in most 
developing cities.74 Figure 5 shows the city of  Rajkot 
in India and how the city has expanded over time. 
Box 2 examines urban sprawl in the Dehradun City.

Figure 5: The expansion of the city of Rajkot (1820-2012) Source: UNEP (2016)75

76 Sudhira, H. S. and Gururaja, K. V. (2012) Population crunch in India: is it still rural? Current Science, 103:1, July 2012.
77	 Nagendra,	H.,	Sudhira,	H.	S.,	Katti,	M.,	Tengö,	M.,	&	Schewenius,	M.	(2014).	Urbanization	and	its	impacts	on	land	use,	biodiversity	and	ecosystems	
 in India. INTERdisciplina, 2(2), 305–313. 
78 Guttikunda, S. K., & Mohan, D. (2014). Re-fueling road transport for better air quality in India. Energy Policy, 68, 556–561.
79	 Bhat,	P.	A.,	ul	Shafiq,	M.,	Mir,	A.	A.,	Ahmed,	P.	(2017)	Urban	sprawl	and	its	impact	on	landuse/landcover	dynamics	of	Dehradun	City,	India.	
 International Journal of Sustainable Built Environment, 6:2, 513-521. https://doi.org/10.1016/j.ijsbe.2017.10.003

Disperse development will in the longer term create 
demand for car ownership and use. This starts a 
vicious cycle of  traffic growth, congestion, road 
network extensions, and environmental degradation.
 
Cities in highly motorised countries dedicate much 
of  their urban area to road. In the period 2001 to 

2011, the number of  Indian cities with over 1 million 
people increased from 35 to 53.76

Over the past two decades, the area of  urban cover 
in the top 100 Indian cities have more than doubled 
while vehicle use has increased.77, 78

Dehradun city is in the south-central part of  Dehradun District within the newly formed Uttarakhand 
state. Dehradun is the interim capital of  Uttarakhand, in Dun Valley. The city is surrounded by river Song 
in the east, river Tons on the west, Himalayan Shivalik ranges on the north and Sal forests in the south. 
It is the largest city in the hill state and well connected by rail and road transport. It is the terminus of  
Northern Railway. Dehradun city, along with its outgrowths, form an urban agglomeration comprising 
Dehradun municipal area, Forest Research Institute, Dehradun Cantonment, Clement town Cantonment, 
Adhoiwala outgrowth and Raiput town.

Remote sensing technology was used to determine the change in land use. During the period 2004-2014, 
the urban and built-up areas increased by 8% from 27.16 sq.km to 34.08 sq.km. Urban sprawl in and 
around the city occurred in this period resulting in the loss of  6.13 sq.km of  agricultural land, fallow land 
and vacant land to built-up land.79

Box 2: Urban Sprawl in Dehradun City
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More people, larger cities with wealthier individuals 
have led to an expansion of  the vehicle fleet and 
greater car use. These developments have made 
transport a major source of  GHG and urban air 
pollutant emissions and road traffic fatalities.80

Increasing car use results in more roads being built 
to satisfy car commuters. This changes urban land, 
leading to deteriorated living conditions and urban 
sprawl. Rural areas develop into settlements where 
households become dependent on the private car for 
daily mobility.

Evidence suggests the growth in urban sprawl has 
several negative effects. These include:81

• Higher costs for providing public infrastructure 
and services. 

• Increased road and parking facility costs, by 
increasing road and parking requirements. 

• Higher transport costs, particularly for low-
income households. 

• More per capita traffic casualties and associated 
damages. 

• Less physical activity leading to increased health 
problems and lost productivity costs. 

• More traffic congestion and longer commute 
times, as well as more accidents, local air 
pollution, and greenhouse gas emissions. 

• Reduced ability of  poor households on urban 
peripheries to access basic services and economic 
opportunities. 

• Smaller urban agglomeration effects, leading to 
reduced economic productivity, employment, 
business activity, investments, and tax revenues. 

• Reductions in open space, leading to reduced 
agricultural productivity and environmental 
benefits.

3.2 Trip Generation

Trip generation is determined by the extent of  a 
particular area, population density and locations. 
The attractiveness of  transport infrastructure for car 
use, public transport and non-motorised transport 
influences the decision to choose a particular 
transport mode.

The larger the number of  persons living, working and 
shopping at one location, the more concentrated the 
flow of  travellers between these locations. In contrast, 
small and geographically scattered locations can cause 
lower and scattered transport demand flows. 

Shorter distances between locations increase travel 
demand between those locations, given a constant 
travel speed. However, increasing the travel speed in 
one transport mode changes a traveller’s preferences 
towards that mode. This means that more roads 
to reduce traffic congestion can increase car traffic 
volumes, because they create travel time advantages 
for road traffic, and result in even more traffic 
congestion, air pollution and feedback for spatial 
structures.82

Changes in the transport system cause changes in 
spatial structure. Space requirement for one mode can 
reduce space for other transport modes and impose 
barriers to their use. More and broader roads reduce 
accessibility of  destinations by foot and bicycle. In 
contrast, bus lanes reduce space for other motor 
vehicles, therefore discouraging car use.

Better conditions for faster modes can cause a spatial 
re-orientation of  both citizens and commercial 
stakeholders, leading to increased trip distances. 
For example, if  out-of-town shopping facilities can 
be reached within the time available, developers 
will choose these locations for their investments, 
according to this changed accessibility structure. 

3.3 Population Density 

A strong negative correlation between overall city 
population density and per capita gasoline has been 
found using official data from world cities. Density 
or the lack of  density (urban sprawl) is a major 
factor influencing the differences in annual per capita 
vehicle emissions in cities. Kenworthy et al. (1989)83   
discovered an exponential reduction in the per capita 
fuel consumption as densities increased from their 
levels in American and Australian cities to those in 
Asia. As a result, the promotion of  higher density 
cities has been used to reduce transport energy 
consumption.

80 Tewari, M., Godfrey. N., et al. Better Cities, Better Growth: India’s Urban Opportunity. New Climate Economy, World Resources Institute, and Indian 
 Council for Research on International Economic Relations. London, Washington, DC, and New Delhi.
 Available at: http://newclimateeconomy.report/workingpapers
81 UNEP (2016) A Toolkit for Preparation of Low Carbon Mobility Plan. UN Environment Programme, Nairobi, Kenya.
 Available online: https://www.unep.org/resources/report/toolkit-preparation-low-carbon-mobility-plan
82 Petersen, R. (2004) Land Use Planning and Urban Transport. Sustainable Transport: A Sourcebook for Policy-makers in Developing Cities Module 
	 2a,	GIZ,	Eschborn,	Germany.	
83 Newman, P., & Kenworthy, J. (1989). Cities and automobile dependence: An international sourcebook.

84	 Kenworthy,	Jeff;	Laube,	Felix	et	al.	(1999)	An	International	Sourcebook	of	Automobile	Dependence	in	Cities	1960-1990;	updated	edition,	Boulder,	
 Colorado, USA.
85 Peterson (2004) ibid. 
86 Geol, R. and Mohan, D. (2020) Investigating the association between population density and travel patterns in Indian cities – an analysis of 2011 
 census data. Cities, 100, 102566.
87 Mukunth, V. (2020) Simple road maps shows Indian cities are snaking towards ecological, social chaos. The Wire, 20 January 2020. 
88 Barrington-Leigh, C. and Millard-Bell, A. (2019) Global trends toward urban street-network sprawl. PNAS, 117:4, 1941-1950. Boulder, Co

Figure 6: Urban density
  (1999)

Source: Kenworthy et al.
             (1999) 84  

By influencing the spatial structure of  locations in the 
urban environment, land use planning can minimise 
kilometres driven and increase high transit use. Dense 
and mixed-use development make environmentally 
friendly transport modes of  walking and cycling 
attractive.85

Using 2011 Census of  India data for travel mode 
to work and distance, Goel and Mohan (2020) 
investigated the effect of  urban density on commute 
travel patterns for Indian cities and the relationship 
between travel behaviour and other city-level 
variables.86 They found almost no independent effect 
of  density on the mode share of  walking, cycling, 
motorised two-wheelers, cars and public transport, 
after controlling for population and income levels for 
the cities. 

Goel and Mohan (2020) argue that once density 
levels are greater than ~80 persons per hectare (pph), 
other factors become important in determining 
travel patterns in cities. This evidence has significant 
implications for urban planning and transport policy 
in Indian cities and for many other low- and middle-
income cities where average density is higher than 
~80 pph. For these cities, growth in sustainable 
transport may not depend on further densification 
of  already dense cities, but on details of  how 
neighbourhoods and streets are designed.

3.4 Street Connectivity

The connectivity of  the entire stock of  streets affects 
the environmental impact of  transport. Connectivity 
is the product of  decades or centuries of  accumulated 
decisions by private developers and municipal 
governments. Most of  India’s urbanisation has been 
unplanned. New developed areas have disconnected 
road networks because of  the pace at which services 
have been provided in new urbanised areas, causing 
traffic-related issues.87

The last four decades have seen a global trend toward 
increased street-network sprawl–this is, sprawl 
measured through the local connectivity of  the street 
network. The street-network disconnectedness index 
(SNDi) classifies streets based on analysis at the scale 
of  individual intersections and street segments. 

Figure 7 shows the different street-networks in order 
of  decreasing SNDi. The caption above each plot 
shows the (latitude, longitude) of  each example grid 
cell and the country where it is located. Each has a 
line plot of  the proportion of  grid cells (blue) and 
proportion of  nodes (red) that fall into each type. 
The decreasing SNDi is shown by the blue bar and 
number. The higher the bar and number the more 
disconnected the location, higher probability of  
greater car dependence. The dashed line shows the 
fractions of  grid cells and nodes in the entire stock of  
urban streets.88
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Figure 7: Cities characterised according to this street connectivity

Figure 8: Street-network disconnectedness by country (2000-2014)

Figure 9: Disconnected Indian Cities (2000-2013)

Source: Barrington-Leigh and Millard-Bell (2019)89  

Source: Barrington-Leigh and Millard-Bell (2019)

Source: Mukunth (2020)91

Figure 8 shows street-disconnectedness by country using the SNDI. The USA stands out for its disconnected 
streets - a consequence of  its automobile-oriented development patterns. A higher SNDi implies that, for 
example, in one hour, an individual can visit fewer locations in an area than using a road network with lower 
SNDi. This fosters a level of  automobility which increases motor vehicle pollution.

89 Barrington-Leigh and Millard-Bell (2019) ibid. 

90 The Times of India (2019) 20 more cities added to CPCB’s ‘polluted list’. 18 August 2019.
	 Available	online:	https://timesofindia.indiatimes.com/home/environment/pollution/20-more-cities-added-to-cpcbs-polluted-list/articleshow/70721767.cms
91 The Times of India (2019) 20 more cities added to CPCB’s ‘polluted list’. 18 August 2019.
	 Available	online:	https://timesofindia.indiatimes.com/home/environment/pollution/20-more-cities-added-to-cpcbs-polluted-list/articleshow/70721767.cms
92 Barrington-Leigh and Millard-Bell (2019) ibid.

A common type of  network in India was found to 
be the broken grid, typified by incomplete paths, 
open grid cells and a staggered arrangement that 
renders blocks whose edges and intersections do not 
line up. The increase in larger gated communities, 
office complexes and other greenfield properties in 
suburban areas share are partly to blame for street-
disconnectivity. Figure 9 shows disconnected India 
cities. The dotted black line, at an SNDi of  4.3, 
depicts the national average in 2000-2013. 

Most of  these cities have been identified as non-
attainment cities based on ambient air quality data 
obtained (2011-2015) under National Air Quality 
Monitoring Programme (NAMP).90 A high SNDi 
could be a factor that is affecting air quality because 
of  motor vehicle use. The national clean air action 
programme (NCAP) has set a tentative national level 
target of  20-30% reduction of  PM (PM2.5 and PM10) 
concentrations by 2024 using 2017 as the base year.

The pattern of  new urban and residential roads 
shapes new urban form and land use in the Indian 
cities. The choices made today on the connectivity 
of  streets may restrict future resilience and lock in 
pathways of  energy use and CO2 emissions for a 
century or more. In contrast to the corrective trend 
observed in the United States, where streets have 
become more connected since the late 20th century, 
most of  the world is building ever-more disconnected 
“street-network sprawl.” A rapid policy response, 

including regulation and pricing tools, is needed to 
avoid further lock-in during this last phase of  the 
urbanisation process.92

A reduction in travel demand and a shift to more 
environmentally friendly transport modes can be 
supported by various measures at different land-use 
planning levels. Policy and planning principles aimed 
at supporting sustainable transport modes at the city 
level are therefore needed.
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3.5 Integrated Land Use

Integrated land use and transport planning 
are essential for environmentally, socially and 
economically sustainable urban development. Design 
of  urban settlements and choice of  locations should 
aim to reduce the rate of  growth of  car trips, support 
public transport (for passengers and goods), walking 
and cycling, and enhance the liveability of  cities.93

To achieve sustainable urban development and 
transport systems that a have a lower environmental 
impact and serve social and economic development, 
the following policy principles should be followed: 
• Major developments should be in areas well–

served by public transport, or public transport 
provision will be required as part of  the 
development. The agency or company promoting 
development will provide transport impact 
assessment and a transport improvement plan. 

• As part of  the development plan, traffic 
management schemes should be implemented, 
including parking policies and traffic restrictions 
for sensitive areas. 

• Planning authorities and developers should 
ensure safe conditions for pedestrians and cyclists 
and put special emphasis on safe routes to 
schools for children. 

• A public transport strategy should be designed 
and implemented, which makes transit stops 
easily accessible.

• In order to serve major development areas 
well by public transport, the urban authorities 
responsible for transport planning and for 
traffic management will introduce dedicated 
public transport corridors, especially bus lanes. 
New development will be near existing local 
high-capacity transit routes, terminals, and 
interchanges. 

• These new developments attracting a significant 
amount of  goods’ transport will be near existing 
highway facilities. Network design and traffic 
management will ensure that new through-traffic 
does not impinge upon housing areas and does 
not interfere with non-motorised travel. 

At the level of  residential areas these principles will 
ensure conditions that encourage walking and cycling, 
access to public transport, and restriction of  car use. 

3.6 The Compact City 

The compact city is an urban form that has higher 
densities, reduces urban sprawl, protects agricultural 
and amenity land, and uses existing urban land 
efficiently. It is considered to be an environmentally 
sustainable option. The mixture of  land uses in 
close proximity is claimed to encourage sustainable 
transport modes such as walking, cycling, and the use 
of  public transport. More people living and working 
in the same place would give rise to social and cultural 
vitality, with facilities within easy reach of  everybody. 
Higher densities and proximity of  a larger population 
would mean that local businesses become more 
viable. The compact city offers environmental, social, 
and economic benefits because it supports lower car 
dependency and a reduction in vehicle emissions.

An analysis of  the relationship between urban 
form and economic performance in Indian cities 
(2002-2012), found that compact Indian cities have 
improved economic performance than sprawled 
cities.94

Indian cities that were initially more compact (i.e., 
less sprawling) in 2002 experienced faster economic 
growth over the period 2002-2012. A city’s level of  
compactness was measured using, a dispersion index 
based on the distribution of  population within each 
urban area, while intensity of  a city’s night-time lights 
was uses as a proxy for economic growth.

Across the sample of  479 Indian cities, a 10%-point 
increase in a city’s dispersion index (2002) is 
associated with an average decrease in economic 
growth over the following period of  0.4-0.9%. Using 
another measure of  urban sprawl, the study showed 
that growth in economic activity was higher when it 
took place within existing urban boundaries rather 
than in expanding urban boundaries. Overall, there is 
firm evidence to suggest the contribution to transport 
infrastructure makes economic growth rise because 
of  improvements in market access.

The compact city concept has had a widespread 
influence on international planning policy, for 
example, the Dutch adopted an A, B, C location 
policy (see Box 3). However, evidence is mixed on 
the benefits attributed to the compact city. There are 

different physical forms and cultural contexts to 
consider and trade-offs to be made.95 A common 
perception is that compact development is 
detrimental to liveability is based on the negative 

93	 Bhat,	P.	A.,	ul	Shafiq,	M.,	Mir,	A.	A.,	Ahmed,	P.	(2017)	Urban	sprawl	and	its	impact	on	landuse/landcover	dynamics	of	Dehradun	City,	India.	
 International Journal of Sustainable Built Environment, 6:2, 513-521. https://doi.org/10.1016/j.ijsbe.2017.10.003
94 Tewari, M., Godfrey. N., et al. (2016) Better Cities, Better Growth: India’s Urban Opportunity. New Climate Economy, World Resources Institute, 
 and Indian Council for Research on International Economic Relations. London, Washington, DC, and New Delhi.
 Available at: http://newclimateeconomy.report/workingpapers

95 Jenks, M. (2019) Compact City. The Wiley Blackwell Encyclopedia of Urban and Regional Studies.
 https://doi.org/10.1002/9781118568446.eurs0530
96 Mouratidis, K. (2017) Is compact city livable? The impact of compact versus sprawled neighbourhoods on neighbourhood satisfaction. 
 Urban Studies, 55(11):2408-243

effects of  high-density living. However, there is 
insufficient knowledge to conclude that compact 
urban forms are indeed less liveable than other urban 
forms. 

The Dutch National planning authorities have developed integrated land use strategies as guidance for 
the local level. Cities with over 100,000 inhabitants are required to prepare land use plans allocating the 
area into three different categories A, B and C. The three location categories can also be characterised as 
suitable for: A -population-based activities; B -mixed activities and C -freight-based activities. 

A: Locations that are easily accessible to local, regional and national public transport (areas around public 
transport junctions); share of  commuting by car should be under 10 to 20%. In the Netherlands, these 
localities are typically suitable for offices with many employees and many visitors. The sites have to be 
within 600 metres of  a national or regional railway interchange or within 400 metres of  a high-quality 
tram or bus stop; not more than a 10-minute ride from a national railway station and a good connection 
to park and ride facilities at the outskirts of  the city has to be available. Within this category is a further 
distinction between AI and AII locations. An AI location has to be directly next to a railway station, 
whereas an AII location does not. 

B: Locations that are easily accessible both by local and regional public transport and also well accessible 
by car (areas where high-standard public transport routes cross ring-roads); share of  commuting by car 
should be under 35%. These locations are characteristically chosen for offices and institutions with many 
employees, which depend partly on car journeys for professional reasons. Such sites are within 400 metres 
of  a high-quality tram or bus stop and only a 5-minute ride from a regional railway station. In addition, 
they have to be within 400 metres of  a major road connected to a national highway. BI, BII, and BIII 
localities must be defined according to the needs of  organisations in the area (e.g., parking facilities are 
attuned to encourage minimal car use). 

C: Locations easily accessible by car (areas along the highways near exits) but with poor public transport 
supply. In particular, such sites are suitable for car-dependent companies like haulers, couriers or other 
industries. These sites are within 1000 metres of  a direct connection to a national highway. C locations are 
normally in the outskirts of  metropolitan areas. 

Box 3: Dutch A, B, C Location Policy

A study in Greater Oslo examined to what extent 
the compact city is liveable.96 It found that the higher 
the presence of  compact-city characteristics, the 
higher the neighbourhood satisfaction. Population 
density has a positive association with neighbourhood 
satisfaction, as densely populated areas offer easy 
access to amenities, to public transport and to other 
areas. Neighbourhood satisfaction for households 
with children is most high in denser and less dense 
neighbourhoods. Longitudinal results suggest that 
moving from a sprawled neighbourhood to a compact 
one significantly increases neighbourhood satisfaction, 
while moving in the opposite direction does not cause 

significant changes. In addition, residents who have 
lived in both compact and sprawled neighbourhoods 
during the last five years seem to be significantly more 
satisfied when they live in compact neighbourhoods.
 
The study concluded a compact city has the potential 
to be both an environmentally sustainable and a 
liveable option. Higher densities are found to have 
a positive influence on liveability. These results 
underline the fact that several physical and social 
characteristics need to be present for a liveable 
dense urban environment. Apart from essential 
compact-city features such as public transport, 
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accessibility and mixed land uses, safety, the existence 
of  parks and squares, limited noise, traffic and litter 
and limited social inequalities between and within 
neighbourhoods may all contribute to liveable 
compact cities.

A Dutch study investigated the influence of  
population density on mortality in a compact-sized 
city of  Eindhoven. Although active travel of  residents 
in the densely populated neighbourhoods has positive 
health benefits, higher density population remained 
associated with a higher risk of  mortality. The study 
concludes that making cities more compact, ensuring 
good infrastructure for walking and cycling may 
increase the negative impact of  higher population 
density on health.97

3.7 Transit Oriented 
  Development 

Transit oriented development (TOD) supports the 
creation of  compact, walkable, pedestrian-oriented, 
mixed-use communities centred around high-quality 
transit systems. It involves maximising access by 
transit and walking and cycling to residential and 
commercial business centres. It has become a popular 
in the US, Northern Europe and Central and South 
America.

TOD contributes to wider public policy goals for city 
regions, which include:
• Improved physical and mental health and 

wellbeing through the promotion of  active travel 
and the creation of  attractive and sociable spaces; 

• Facilitating agglomeration economies by creating 
environments that attract talent and at densities 
which help to promote and sustain clusters of  
high value businesses; 

• Reducing road traffic congestion through making 
access by means other than the car much easier 
and, in doing so, helping to tackle poor air quality 
and reduce carbon emissions; and 

• Helping to meet housing demand without leading 
to sprawl or loss of  green space.98

The Institute for Transportation and Development 
(ITDP) developed TOD design and land use policy 
standards.99 The Urban Transport Group used the 
ITDP TOD standard to identify seven key factors for 
success.

The seven key factors for successful transit-oriented 
development are: 
1. Transit should be at the heart of  the 

development, whether that’s heavy rail, light rail 
or bus. This should be provided by high quality, 
high frequency services, making public transport 
a viable, and desirable, alternative to private car 
use. 

2. Developments need high density of  housing 
and commercial properties in order to provide 
critical mass for transit use. Density is also 
necessary to ensure that residents can walk or 
cycle to the nearest public transport station or 
stops. In the US, passengers will typically walk 
twice as far to access rail than bus stops, around 
half  a mile and a quarter of  a mile, respectively. 

3. TOD neighbourhoods should support 
walking and cycling as the first choices for 
accessing public transport and other services. 
This encourages healthy lifestyles and mode 
choices which have lower environmental impacts. 

4. Driving and ownership of  private vehicles 
should be discouraged. Alternatives, like 
car clubs, can be included. This can maximise 
the benefits of  TOD and support walking 
and cycling. Public realm could include traffic 
calming measures and filtered permeability to 
disincentivise driving and parking restrictions can 
also be implemented. 

5. Services should be integrated into the 
development, such as shops, healthcare and 
schools, in order to encourage more localised 
trips. Evidence shows that residents of  TODs in 
the USA make a greater number of  shorter trips, 
conducive to sustainable mode choices. 

6. Use of  previously developed land (brownfield 
sites) for TOD programmes should be first 
choice locations. This could comprise redundant 
urban land which offers opportunities for 
redevelopment. 

7. Public sector involvement is a key enabler of  
TOD schemes and helps to ensure that new 
developments are high quality and deliver across 
multiple urban policy objectives including social 
inclusion and meeting housing needs. Public 
sector involvement also provides the leadership 
and strategic vision needed to deliver successful 
TOD schemes. 

3.7.1 TOD in India 
In 2012, the New Delhi Development Authority 
(DDA) and Ministry of  Housing and Urban Affairs 
(MoHUA) developed a TOD policy in association 
with metro rail transit (MRT). The TOD policy 
document considers a maximum of  2,000 m radius 
around MRT stations as TOD influence zones. 
These TOD influence zones include five provisions; 
(i) affordable housing, (ii) multimodal integration, 
(iii) cheaper public transportation, (iv) self-sufficient 
urban structure, and (v) fundamental change. The 
New Delhi government has proposed many TOD 

97 Beenackers, M. A., Oude Groeniger, J., Kamphuis, C. B. M., van Lenthe, F. J. (2018) Population density and mortality in a compact Dutch city: 23-
 year follow-up of the Dutch GLOBE study. European Journal of Public Health, 28:4.
98 Urban Transport Group (2019) The place to be. Urban Transport Group, London. 
	 Available	online:	https://www.urbantransportgroup.org/system/files/general-docs/The%20place%20to%20be%20-%20Urban%20Transport%20
	 Group%20FINAL%20WEB.pdf
99 ITDP (2017) TOD Standard. Institute for Transportation and Development, New York. 
 Available online: https://itdpdotorg.wpengine.com/wp-content/uploads/2017/06/TOD_printable.pdf

100 ITDP (2017) TOD Standard. Institute for Transportation and Development, New York.
 Available online: https://itdpdotorg.wpengine.com/wp-content/uploads/2017/06/TOD_printable.pdf
101	 Ministry	of	Housing	and	Urban	Affairs	(2017)	National	Transit-oriented	Development	Policy,	Government	of	India,	New	Delhi,	India.
	 Available	online:	https://smartnet.niua.org/sites/default/files/resources/59a4070e85256transit_oriented_developoment_policy.pdf
102	 Ministry	of	Housing	and	Urban	Affairs	(2017)	ibid.

projects along MRT corridors. However, a context-
sensitive TOD definition and planning parameters 
are yet to be outlined in the TOD policy, norms, and 
guidelines.100

The MoHUA then adopted a National Transit 
Oriented Development Policy (2017) to integrate 
land use and transport planning in India. The policy 
focuses on high density mixed land use development 
in the influence zones of  transit stations. This is a 
walking distance (500-800m) of  transit station or 
along the corridor if  the station 1km away (see Figure 
10). TOD encourages pedestrian trips to access 
various facilities such as shopping, entertainment and 
work.

The national TOD policy aims to help shift from 
private vehicles use to public transport to make public 
transport accessible and to create compact, walkable 
communities.101

Figure 10: TOD along transit stations Source: MoHUA (2017)102

Based on the National Urban Transport policy, the TOD policy outlined twelve guiding principles to achieve 
the objectives of  TOD (see Figure 10).
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Figure 11: Guiding principles of Indian Transit-Oriented Development Policy Source: MoHUA (2017)103

103	 Ministry	of	Housing	and	Urban	Affairs	(2017)	ibid.
104	 National	Institute	of	Urban	Affairs	(2016)	Transit-oriented	Development	for	Indian	Smart	Cities:	Available	online:	https://niua.org/tod/

The National Smart Cities Mission (2015) is also 
seen as a move toward a balance between compact, 
low-energy intensive development. The Smart Cities 
Mission aims is to promote cities that provide core 
infrastructure and provide a good quality of  life 

Key Messages
• Population density and the land-use mix affect travel behaviour, such as mode choice and trip 

distance.
• Unplanned and uncontrolled rapid growth has negative effects on the health and wellbeing of  

urban dwellers, such as air pollution, occupational hazards and traffic injury. 
• Trip generation is determined by the extent of  a particular area, population density and locations. 

Many newly developed areas have disconnected road networks because of  the pace at which 
services have been provided in new urbanised areas, causing traffic-related issues.

• Avoid in the A-S-I Approach aims to improve the efficiency of  the transport system. This involves 
avoiding the need to travel, reducing vehicle kilometres travelled and resulting air pollutant 
emissions.

• Design of  urban settlements and choice of  locations should aim to reduce the rate of  growth of  
car trips, support public transport, walking and cycling, and enhance the liveability of  cities.

• Transit oriented development supports the creation of  compact, walkable, pedestrian-oriented, 
mixed-use communities centred around high-quality transit systems.

• The National Transit Oriented Development Policy (2017) aims to integrate land use and transport 
planning in India. The policy focuses on high density mixed land use development in the influence 
zones of  transit stations. This is a walking distance (500-800m) of  transit station or along the 
corridor if  the station 1km away.

• Dense and mixed-use development make environmentally friendly transport modes of  walking, 
cycling, and public transport attractive.

to its citizens along with a clean and sustainable 
environment and application of  smart solutions. 
TOD as an urban growth strategy is being promoted 
with a focus on integrated mobility, compact, dense 
and mixed-use land use close to transport stations.104

4.	Shift	To	More	Efficient
   Transport Modes

The A-S-I Approach also aims to improve travel 
efficiency by promoting the shift from polluting 
modes to low emission transport mode such as NMT 
(e.g., walking and cycling) and public transport (e.g., 
bus and rail). Although public transport produces 
emissions, they have high occupancy levels which 
implies a lower emissions per passenger-kilometre 
travelled compared to cars.

A transport environment that facilities this shift to 
low emission transport is important by providing 

high-quality, reliable, accessible and safe alternatives 
to the car (e.g., Bus Rapid Transit (BRT), bike 
sharing schemes, pedestrian and cycling network 
development). 

Similar to Avoid policies, several instruments are 
available to support Shift policies and often involve 
a combination of  such instruments would be 
appropriate. Table 8 provides examples of  policy 
instruments that encourage a shift to more efficient 
transport modes.
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Table 8: Examples of Shift policy instruments to reduce the need to travel

Table 9: Types of NMT in Indian cities

Strategy Type of policy instrument Policy/Measures

Avoid/Shift Regulatory Transit-oriented development

Reduce available parking spaces

Vehicle use restrictions (e.g. 
banning vehicle, types, number 
plate schemes)

Vehicle sale limits

Traffic	calming,	access	
restrictions

High occupancy vehicle lanes

Street design standards

Economic Parking pricing

Road pricing/congestion 
charging

Shift Infrastructure Bike sharing

NMT infrastructure

Park and Ride

Urban rail infrastructure

Bus rapid transit

Inter-urban rail

High-speed rail

Regulatory NMT friendly regulations

Design standards for intermodal 
integration

Bus management reform

Bus route optimisation

Integrated ticketing

Economic Public transport fare policy

Type Use

Bicycle owners Commuters; working bicycles for delivery of goods and services

Tricycle owners Working tricycles used for the delivery of goods

Cycle-rickshaw owners Public transport services preferred by women who may not wish to 
use buses; delivery of goods

Rickshaw owners/pullers Public transport — hand-pulled rickshaws now in decline in most 
Indian cities (except Kolkata)

Animal cart owners Used for deliveries (but now in decline)

Source: Bakker et al. (2017)105

Source: ADB (2008)107

105 Bakker et al. (2017) ibid.

106	 GIZ	(2008)	Non-motorised	transport	in	policy	in	India,	GIZ,	Berlin,	Germany.	
 Available online: https://sti-india-uttoolkit.adb.org/mod5/se2/002.html
107 ADB (2008) NMT Best Practice, Asian Development Bank, Manila, The Philippines.
 Available online: https://sti-india-uttoolkit.adb.org/mod5/se2/002.html
108 UNEP(n.d.) How to develop an NMT strategy or policy. United Nations Environment Programme, Kenya.
 Available online: https://nmttoolkit.itdp.org/guide/introduction/

This chapter focuses on NMT and mobility management measures that can support a shift to more efficient 
transport modes.

4.1 Non-Motorised Transport

NMT includes walking, cycling and cycle rickshaws. 
These modes have zero emissions and offer benefits 
to the individual user and wide society. Advantages 
of  NMT include improvements to physical health, 
air quality, environment, climate change, personal 
finance, accessibility, mobility and the empowerment 
of  vulnerable groups.

In India, low-income households depend on NMT 
in their daily life (see Table 9). However, NMT is 
often neglected as a mobility option with preference 
given to capital and infrastructure intensive transport 
modes. In the 1980s, walking and cycling in Indian 
cities was the dominant mode of  transport for 20-
60% of  total trips. However, the share of  NMT has 
been declining in recent years.106

UNEP108 identified key challenges of  people who 
walk and cycle and benefits for those cities that 
promote walking and cycling. The challenges people 
face when walking and cycling face include:
• Lack of  infrastructure for the most 

vulnerable. Major roads lack safe walkways, 
pedestrian crossings, cycle tracks, and other 
facilities that ensure safe, convenient access. 
Pedestrians and cyclists are left to navigate 
through fast-moving traffic.

• Poor traffic and road space management. 
Lack of  enforcement, combined with poor street 
design, leads to speeding and other types of  
dangerous driving behaviour. Where walking and 
cycling facilities exist, they are often occupied by 
parked vehicles.

• Failure to regulate vehicle emissions. 
Outdated emission standards along with 
inadequate enforcement allow polluting vehicles 
to stay on the road.

• Lack of  inclusion in the planning process. 
Evidence-based planning and participatory 
design are key to planning for NMT facilities. 

Lack of  inclusion of  people who walk and cycle 
- especially vulnerable groups such as children 
- leads to designs that are unresponsive to their 
needs.

Greater use of  walking and cycling can bring a host 
of  benefits to cities:
• Economic benefits. Well-designed streets 

help reduce the use of  motorised vehicles and 
the related costs of  traffic congestion; increase 
retail sales and business transactions; raise 
property values; offer a lower-cost alternative 
to construction and maintenance of  road 
infrastructure; and lower household transport 
costs.

• Avoided congestion. Walking and cycling can 
improve economic performance of  cities through 
reduced congestion.

• Enhanced personal security. Well-designed 
NMT facilities help improve personal security for 
pedestrians, particularly women. Ample lighting 
and active building edges with ground-floor 
activities such as storefronts and restaurants can 
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help improve security for NMT users.
• Improved public health. Walking and cycling 

can help address conditions exacerbated by 
inactivity, including obesity, heart disease, and 
high blood pressure. Walking just one kilometre 
per day has been associated with a reduction in 
the likelihood of  obesity, and also lowers the risk 
of  heart disease.

• Reduced emissions. Shifting trips from 
motorised to NMT modes can reduce tailpipe 
emissions and local air pollution. Pollution from 
motorised vehicles contains harmful chemicals 
including PM, NO2 and SO2 that contribute to 
local air pollution.

4.2 NMT Policy In India 

NMT has been a key component of  India’s urban 
transport system. This has been as the main transport 
before the mass transit systems or as a last mile 
connection between mass transit systems.

The 2006 NUTP for India highlighted the importance 
of  NMT and recognised the role of  paratransit, 
for occasional trips, as well as its increasing use as a 
substitute for deteriorating public transport services.

While there is a large scope of  NMT in India, there 
are several factors which prevent people from using 
it. This includes a lack of  infrastructure. For there is a 
lack of  proper footpaths and cycle tracks which often 
compels the commuter to use the road along with 
motorised vehicles.109

NMT is often neglected in the planning process 
because of  the lack of  acceptability of  NMT among 
policy makers as a dominant mode. This is because 
policymakers have a lack of  understanding of  the 
economic benefits NMT. In policy makers’ opinion 
motorised mode provide revenue to the government 
through taxes but NMT modes do not.

A 1% shift of  travellers to NMT in a single day could 
produce an estimated savings of  250,000 Indian 
Rupees (Rs.). The economic benefits associated with 
the pedestrianisation of  a major arterial called M.G 
road in Bangalore have been estimated to result in a 
savings of  1,611.4 Rs. per day due to air pollution and 
accident reduction.110 These economic benefits could 
convince policy makers to support NMT.

In 2020, MoHUA launched the ‘Streets for People 
Challenge’ to make cities more pedestrian-friendly as a 
response to the need for walkable urban spaces during 
the Covid-19 pandemic.

Along with an initiative to promote cycling in Indian 
cities, the Streets for People Challenge will provide cities 
with safer means of  transport with social-distancing. 
The challenge will include the 100 Smart Cities as 
all other cities with a population of  over 5 lakh and 
capital cities.111 The challenge includes creation of  
pedestrian-friendly streets in areas with high footfall, 
re-imagining the spaces under flyovers, re-vitalising 
dead spaces in neighbourhoods, and creating walking 
links through parks and institutional areas. Cities 
had to submit proposals by 11 February 2021 and 
implement interventions by 31 May 2021.112

109 Rahul, T. M. and Verma, A. (2013) Economic impact of non-motorized transportation in Indian cities. Research in Transportation Economics, 
 38, 22-24.
110 Rahul and Verna (2013) ibid. 
111 ITDP (2020) Prioritising streets for people: reimagining Indian Cities. Institute for Transport and Development Policy, India. 
 Available online: https://www.itdp.in/prioritising-streets-for-people-reimagining-indian-cities/
112 ITDP (2020) ibid.

113 ITDP (2020) Chennai’s Streets for People Initiative wins Ashden Award, Institute for Transport for Development Institute, New Delhi, India. 
 Available online: https://www.itdp.in/chennais-streets-for-people-initiative-wins-the-ashden-awards/
114 ITDP (2020) Chennai’s Streets for People Initiative wins Ashden Award, Institute for Transport for Development Institute, New Delhi, India.
 Available online: https://www.itdp.in/chennais-streets-for-people-initiative-wins-the-ashden-awards/

Box 4 provides an example of  policy in Chennai to promote greater use of  NMT

In 2014, the municipal government of  Chennai, now known as the Greater Chennai Corporation, 
adopted an NMT policy to prioritise walking and cycling and discourage the use of  personal motor 
vehicles. Chennai was the first Indian city to adopt this kind of  policy. The policy aimed towards 
an  increase in walking and cycling by creating a safe and pleasant network of  footpaths, cycle tracks, 
greenways and other NMT facilities.

The Chennai NMT policy requires that at least 60% of  the city’s transport budget be allocated to 
constructing and maintaining infrastructure for NMT. This includes wider footpaths, safe bicycle 
infrastructure, better designed intersections, and street furniture.

Box 4: NMT in Chennai

Since 2014, the city in collaboration with the Institute for Transport and Development Policy (ITDP) has:113

• Inaugurated the Pondy Bazaar Pedestrian Plaza as a model ‘people-friendly’ public space.
• Built the capacity of  municipal engineers through study tours, workshops and formal training 

programmes. 
• Launched a city-wide Public Bicycle Sharing (PBS) system and a progressive on-street parking 

management system. 
• Adopted the Complete Street Guidelines to inform all future street design projects. 
• Launched a Car free Sunday programme to promote the idea of  celebrating streets as public  

spaces.
• Engaged the public for a participatory planning process through several tactical urbanism initiatives 

and stakeholder consultations.
• Chennai’s NMT policy transformed over 120 kms of  streets making them safe and accessible for 

pedestrians across the city. The project has improved access to approximately 300 bus stops and over 
60 schools. It has also helped in the effective implementation of  parking management systems in 
approximately 500 km of  streets. 

In 2019, five years after Chennai adopted it NMT policy, the Chennai Corporation has adopted the NMT 
Master Plan, which will guide the future action in an area of  68 sq km. The Master Plan will preserve the 
distinct characteristics of  the neighbourhoods.114

In the first phase, the Corporation will develop a NMT network along 59.3 km of  bus routes, 57.4 km of  
streets, 12.3 km of  greenways and 11.8 km of  highways. This will cover the neighbourhoods of  Mylapore, 
Royapettah, Nungambakkam, T. Nagar, Adyar, Velachery, Taramani and Guindy.
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Table	10:	Principle	of	effective	NMT

Safety: Maximise the safety of users in relation to other road users as they have a 
high vulnerability

Coherence: Form a coherent and continuous network linking all origin and destination 
points for users, and not ad hoc facilities that end abruptly

Directness: Form	a	direct	route	from	origin	to	destination	without	significant	detour	that	
will cause the users to ignore the facility

Attractiveness: Plan and implement NMT facilities to make NMT travel attractive both by 
day and night

Comfort: Ensure	a	smooth,	quick	and	comfortable	flow	of	NMT	traffic	without	
excessive gradients or uneven surfacing

Source: ADB (2008)116

An NMT policy should include the following key 
components:

Vision
An expression of  how the city should improve 
access and safety for NMT users. Guided by the 
vision statement, cities can then set goals to develop 
a safe, efficient, affordable, and integrated, and 
environmentally sound transport system.

Goals
Quantitative, time-bound goals for improvements in 
the walking and cycling environment. These should 
include outcome and implementation goals. Outcome 
goals are those that show the results that will be 
achieved by the strategy (e.g., reduce emissions/
increased number of  NMT trips.

Implementation goals refer to infrastructure or 
systems that need to be provided to achieve the 
outcome goal. Goals should for follow SMART 
principles: Specific, Measurable, Achievable, Relevant 
and Time-bound. 

NMT initiatives
A description of  initiatives that cities can pursue 
to improve the NMT environment, including 
the expansion of  footpaths and cycle tracks; the 
introduction of  bicycle sharing; measures to manage 
street space, cycle facilities, parking management, and 
communications.

Funding for NMT
Potential sources of  support for NMT improvements 
that could include allocating funds for NMT strategies 
in transport budgets, creation of  urban public 
transport funds that receive funds from parking fees 
and public transport fares parking fees, corporate 
sponsorship, and development impact tax on new 
developments to improve the NMT network in the 
community. 

Agency roles
NMT improvement requires a collaborative approach 
involving multiple agencies which will have a role 
to play in the implementation. Table 11 outlines the 
responsibilities of  different agencies in implementing 
an NMT strategy. 

115 ADB (2008) NMT Best Practice, Asian Development Bank, Manila, The Philippines.
116 ADB (2008) ibid.

4.3 Promoting NMT

The needs of  non-motorised vehicles (NMV) and 
pedestrians in India should be addressed separately 
as they are different. Whilst some countries mix 
pedestrian and cycle movements (e.g., Japan and parts 
of  Europe), in India this is difficult. For example, 
certain categories of  NMT cater to hawkers and 
social activities within cities, whilst the ubiquitous 
cycle-rickshaw needs to be accommodated in areas 
separate from pedestrians.

Providing suitable infrastructure for NMVs will 
depend on the broader traffic, environmental and 

planning objectives and on funds. Measures are 
likely to be funded and implemented if  they benefit 
the wider community, not just NMVs. Strategies 
that emphasise traffic restraint, speed reduction and 
promotion of  environmentally friendly modes will 
benefit NMVs. Different scenarios for NMVs require 
the consideration of  techniques for managing them. 
The success of  the chosen scenario will depend on 
the effectiveness of  the techniques for implementing 
it.115

Effective NMT should therefore meet five general 
principles regarding safety, coherence, directness, 
attractiveness, and comfort (see Table 10).
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Table	11:	Roles	of	specific	agencies	in	implementing	an	NMT	policy

Agency Responsibility

Transport ministry/department Provide political leadership and general oversight toward 
dissemination and implementation of the NMT strategy.
Monitor progress.

Local government ministry/
department

Design and implement high-quality walking and cycling facilities.

Update national street design standards.

Partner with academic institutions and technical organisations 
to conduct training programs for engineers, planners and other 
technical	staff	in	the	basics	of	street	design.

Housing ministry/department Develop model building control rules and planning regulations.

Road agencies Design and implement high-quality walking and cycling facilities.

Road safety agencies Enforce	traffic	rules,	educate	street	users,	and	identify	where	
improvements are required to improve safety

Road fund agencies Ensure allocation of an adequate budget for NMT development and 
maintenance.

Local authorities/transport 
authorities

Design and implement high-quality walking and cycling facilities.

Plan and implement bicycle sharing systems.

Develop greenway corridors with continuous walking and cycling 
facilities.

Oversee operations of the on-street parking management system.

Manage street vending.

Prevent encroachments on NMT facilities.

Conduct audits and surveys to monitor progress on implementation 
of the Strategy.

Manage local Urban Transport Funds.

Traffic	police Control	and	manage	traffic	operations.

Source: UNEP (n.d.)117

4.4 NMT Strategies

Several strategies can be adopted to improve and 
encourage NMT, including active transport modes 
such as walking and cycling. Plans to encourage active 
transport should include engineering, encouragement, 
education and enforcement–the four E’s. These 
include:118

• Walking and cycling facility improvements. 
Improved sidewalks, crosswalks, paths, bike lanes, 

bicycle parking, and changing facilities. Apply 
universal design, which refers to design features 
that accommodate all users, including wheelchair 
and handcart users, and people who cannot read 
local languages.

• Active transport encouragement and safety 
programmes. Special programs that encourage 
people to walk and bicycle for transport and teach 
safety skills.

• Public bikes (easy-to-rent bikes distributed 
around a community).

• Roadway redesign, including traffic calming, 
road diets, and traffic speed controls. Traffic 
calming changes roadway design to reduce traffic 
speeds. Road diets reduce the number of  traffic 
lanes, particularly on urban arterials. Traffic 
speed controls can involve driver information, 
changes in posted speed limits, and increased 
enforcement. 

• Improved road and path connectivity. More 
connected roadway and pathway systems allow 
more direct travel between destinations. Walking 
and cycling shortcuts are effective at encouraging 
motorised to active travel shifts.

• Public transport improvements. Public 
transport complements active transport: Public 
transit improvements often involve pedestrian 
and cycling facility improvements (such as better 
sidewalks and bicycle parking), and it can reduce 
vehicle traffic and sprawl. 

• Commute trip reduction programmes. This 
includes various programmes that encourage 
the use of  alternative modes, particularly for 
commuting to work and school. These often 
include features that encourage active travel such 

as improving bicycle parking or financial rewards 
such as parking cash out. 

• Pricing reforms. This includes more efficient 
road, parking, insurance and fuel pricing 
(motorists pay directly for costs they impose). 

• Smart growth (also called new urban, transit-
oriented development, and location-efficient 
development) land use policies. More compact, 
mixed, connected land use, and reduced parking 
supply tends to improve walking and cycling 
conditions and encourage the use of  active 
modes by reducing the distances people must 
travel to reach common destinations such as 
shops, schools, parks, public transit, and friends. 

Table 12 summarises the potential effects of  various 
mobility management strategies. Despite many 
strategies having modest individual impacts, their 
effects are cumulative and can be synergistic (total 
impacts are greater than the sum of  individual 
impacts). A programme with several appropriate 
strategies can improve active mode conditions, 
increase NMT use and reduce car use.119

Table 12: Travel impact of strategies to encourage active travel

Source: Litman (2020)120

4.5 NMT Design

To ensure NMT is a viable and convenient option, 
street space will need to be redesigned to ensure it 
caters for all transport modes. Two basic techniques 
exist to meet the mobility needs of  pedestrians and 
cyclists. These include are:
• Traffic calming on minor streets to provide 

safe places for pedestrians and other transport 
modes (e.g., shared lanes).

• Physically separated infrastructure for walkers 
and cyclists on major streets together with traffic 

calming to ensure safe crossings. There should be 
clear space for walking along footpaths.121

In ensuring walking is as attractive, other elements 
should also be taken into consideration, such as 
the paving, street lighting and furniture, landscape, 
public conveniences, and underpasses. For cycling, a 
dedicated cycle track should be provided,  separate 
from the main traffic. Traffic calming along major 
roads and intersections should be signed appropriately  
to ensure pedestrian and cyclist safety.

119	 Litman,	T.	(2020)	Evaluating	Active	Transport	Benefits	and	Costs,	Victoria	Transport	Policy	Institute,	Vancouver,	Canada.
 Available online: https://www.vtpi.org/nmt-tdm.pdf
120 Litman (2020) ibid.
121 UNEP (n.d.) ibid.

117 UNEP(n.d.) How to develop an NMT strategy or policy. United Nations Environment Programme, Kenya.
 Available online: https://nmttoolkit.itdp.org/guide/introduction/
118 ITDP Africa (2018) Streets for Walking and Cycling. Institute for Transportation and Development, Nairobi, Kenya.
 Available online: https://africa.itdp.org/wp-content/uploads/2018/07/Streets-for-walking-and-cycling1.pdf
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122 ITDP Africa (2018) Streets for Walking and Cycling. Institute for Transportation and Development, Nairobi, Kenya.
 Available online: https://africa.itdp.org/wp-content/uploads/2018/07/Streets-for-walking-and-cycling1.pdf
123 European Platform on Mobility Management. Available online: http://www.epomm.eu/
124	 GTZ	(2002)	Mobility	management,	GTZ	Eschborn,	Germany.	Available	online:	https://www.vtpi.org/gtz_module.pdf
125 UNECE (2020) Mobility management. United Nations Economic Commission for Europe, Geneva, Switzerland.
	 Available	online:https://thepep.unece.org/sites/default/files/2020-04/Mobility%20Management_WEB.pdf

Figure 12 shows possible shared space design on minor and major streets. Minor streets can function as a 
shared space when pedestrians walk together slow-moving vehicles. However, separated space for walkers and 
cyclists are needed on Major streets where there are heavier vehicles and fast-moving traffic.

Figure 12: Street design to promote non-motorised transport Source: ITDP (2018)122

4.6 Mobility Management 

Mobility management (MM) also known as transport 
demand management (TDM) has been used to 
promote strategies that make transport sustainable 
and can address traffic, mobility and accessibility 
issues. In contrast to traditional supply side transport 
management practices, mobility management takes 
a demand-orientated approach to enhance mobility, 
improve accessibility and address traffic congestion, 
poor air quality, loss of  public space and energy 
consumption in cities.123

MM addresses car use by influencing travellers’ 
attitudes and behaviour through the promotion and 
implementation of  several ‘soft’ (e.g., attitudes/
behaviour) as opposed to ‘hard’ measures (e.g. road 
infrastructure). Measures include the organisation of  
services, application of  incentives and disincentives, 
information and communication.

It changes the behaviour of  people towards more 
sustainable low emission transport modes, mobility 
management. MM measures (compared to “hard” 
measures) do not require large financial investments 
and may have a high benefit-cost ratio This enables a 
more efficient use of  transport resources rather than 
the expansion of  transport facilities such as roads and 
parking.124

A well-planned MM plan rations road and parking 
space more efficiently, improves travel options, 
reduces vehicle emissions, improving quality of  life 
for all, including people who shift to alternative 
modes and those who continue to drive.

MM is gaining increased attention to improve urban 
transport, reduce polluting emissions and improve the 
quality of  the urban environment. A MM approach 
has several potential benefits, these include:125

• Less road traffic congestion, reduced air 
pollution, time lost in traffic, and less driver 
stress; 

• A greater variety of  transport solutions and better 
accessibility; 

• More efficient use of  existing transport 
infrastructure and less public spending on 
unnecessary infrastructure; 

• More efficient land-use management; 
• Cost savings for local authorities, private 

companies and individuals; 
• Healthier lifestyles and less stress and more active 

modes of  transport. 

There is one universal approach to MM, solutions 
need to be flexible to meet the local context. In order 
for MM measures to be successful, the following 
factors should be considered:
• Ensure that there are alternatives to the car; 
• Introduce both “push” and “pull” measures; 

• Know the target group; 
• Ensure there is a long-term approach with 

commitments from all stakeholders in the area 
and integration with other programmes; 

• Dedicate resources to raising awareness and 
communication; 

•  Make travel fun and rewarding. 

Three characteristics have been identified to ensure 
MM provides an appealing and effective approach to 
dealing with mobility issues: 
1. Tailor-made solutions: 
 MM is a flexible approach, it allows decision 

makers to choose from a variety of  mobility 
measures according to the needs, challenges and 
scale of  application, and can be adapted and 
changed according to each situation.

2. Low cost: 
 MM measures are based on the implementation 

and promotion of  “soft” measures, require low 
financial resources and are highly cost effective;

3. Short- to medium-term impacts: 
 Another advantage of  “soft” measures is that 

they can be implemented quickly, and their 
impacts can be visible within a short to medium 
period (six months – two years) from decision 
making. 

The United Nations Centre for Regional 
Development (UNCRD) (2019) outlined a range of  
measures that could address vehicle pollution (see 
Table 13).126

Table 13: Measures to address vehicle pollution 

Measures Description

Low Emission 
Zones

Low	emission	zones	are	dedicated	emission	control	areas	to	restrict	motorised	traffic	
because	of	poor	air	quality	from	traffic	congestion.	Low	emission	zones	initiatives	
can also reduce the use of polluting vehicles based on stringent emission standards. 
For example, heavy-duty vehicles, older vehicles which do not comply with updated 
emission	standards,	or	those	fuelled	by	diesel.	Diverting	traffic	away	from	dense	
neighbourhoods with fewer residents living in their vicinity can cause health co-
benefits.	Sometimes,	a	toll	must	be	paid	to	use	a	restricted	vehicle	within	a	low	
emission zone.

Congestion 
charging

Congestion	charging	is	used	to	improve	traffic	flows	to	minimise	congestion,	and	only	
secondary to reduce negative environmental impact. Congestion charging solutions 
comprise enforcement mechanisms to charge. motorists to use certain road corridors 
or	areas	such	as	city-centres	prone	to	high	traffic	levels	and	penalise	them	for	non-
compliance.	Reduced	traffic	congestion	can	improve	local	air	quality	because	of	
reduced engine idling and tail-pipe emissions.

Speed 
management

Speed	management	involves	stricter	enforcement	traffic	regulations	(including	
seat-belts	and	helmet	usage)	by	the	traffic	police.	This	includes	higher	fines,	better	
surveillance and monitoring by deploying camera technology, behavioural change or 
awareness campaigns to expose to risks of speeding, and national, local or regional 
laws that regulate speeds based on the function and hierarchy of road infrastructure. 
For better speed control, especially in residential areas with vulnerable road users, 
world cities are witnessing a steady increase in community-level advocacy for stricter 
regulation focused on creating low speed zones with 30 kmph speed limits.

Parking 
management

The	pricing	and	provision	of	car	parking	in	the	targeted	urban	areas	can	affect	the	
travel behaviour. Parking restrictions involve raising the prices for paid parking, 
imposing pricing for free parking, and minimising on-street parking by reforms in 
urban planning or building construction laws. The minimum number of mandatory 
parking spots per building is also being abolished. Addressing parking at the scale of 
a neighbourhood rather than individual properties works in the favour of decreasing 
the	overall	volume	of	traffic	within	polluted	zones	or	corridors.	It	is	important	to	
consider the role of digitally enhanced or ‘smart’ technologies to manage parking 
more	efficiently.	Some	of	these	include	parking	sensors,	real-time	license-plate	
tracking, automated valet parking, car-silos for automated stacking, solar power 
canopies, etc.

126	 UNCRD	(2019)	Air	Quality	Co-benefits	of	High	Volume	Low	Carbon	Transport	Future	in	Asia.	United	Nations	Centre	for	Regional	Development,	
	 Japan:	Available	online:	https://www.uncrd.or.jp/content/documents/792612th%20EST%20Forum-Background%20Paper%20for%20EST%20
	 Plenary%20Session%202_Mr.%20Delkmann.pdf
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Measures Description

Public transport 
services

Planning and implementing new public transport systems and improving the existing 
ones can reduce GHG and air pollutant emissions. These include bus rapid transit, 
metro rail or mass rapid transit, light-rail, and suburban or high-speed rail systems, 
and improvements to conventional bus services. These high-capacity public transport 
measures can cater for a higher number of passengers into an equivalent space 
occupied	by	private	cars	and	are	more	energy	efficient.

An increased supply of high-quality public transit services can encourage a modal 
shift from cars or motorcycles and lower the total vehicle kilometres travelled by 
private modes. A well-planned and operated network of mass transit system can also 
integrate a discontinuous patchwork of existing formal or informal transport services, 
ensuring better accessibility through seamless transfers.

Walking and 
cycling 

Designing and implementing high-quality street infrastructure can increase walking 
and cycling. This requires infrastructure which is unobstructed and continuous 
networks of bicycle tracks and parking spots, public or private bike sharing schemes, 
priority signalling and waiting areas to turn at intersections, physical segregation 
between	bike-lanes	and	general	traffic	or	parking	lanes	for	safety,	as	well	as	
informative signage to highlight vulnerable bicyclists for motorists. It is essential that 
continuous sidewalks of at least 2 to 3 metres wide with an even surface should be 
included	in	planning	to	separate	pedestrians	from	vehicle	traffic.

Complete 
Streets

It is important that the planning of individual modes undertaken with each other to 
maximise	collective	benefits.	The	intermodal	concept	of	‘complete	streets’	is	useful	
to structure the urban design that integrates diverse, sustainable transport modes 
together.	The	‘complete	street’	concept	implies	the	efficient	design	of	the	right-of-way	
to include diverse modes such as bicycles, walking, public transport, besides motor 
vehicles. The process of designing such streets involves a setting modal hierarchies 
and priorities which allow higher space utilisations for walking and cycling and public 
transport modes, and often taking away road spaces currently used for vehicular 
traffic	lanes	and	parking.	

Such a shift of spatial allocation reduces the exposure to harmful pollutants 
within	a	micro-environment	and	potentially	leads	to	a	reduction	in	traffic	volume	
due to improved public transit accessibility and reduced on-street parking. A 
critical component of Complete Streets measures which is relevant for air quality 
management is the inclusion of ecological features and urban greening within the 
right-of-way These include the plantation of trees or hedges, installation of plantation 
or pits for storm water collection and natural treatment.

Transit oriented 
development

TOD involves developing areas around transit stations with a priority for high density 
or compactness of built form, a mix of complementary land-uses and a creating a 
network of multiple last-mile connectivity which support the main public transport 
line.	TOD	can	apply	to	different	spatial	scales.	This	includes	macro-level	solutions	
for transport networks or corridors and neighbourhoods around station areas, to 
micro-scale solutions such as complete streets and green open spaces next to transit 
infrastructure. TOD can determine the spatial urban form at macro and micro scales 
near public transport facilities. This can reduce vehicle pollution.

New mobility With widespread internet connectivity and smart-phone technology app-based 
shared mobility (or new mobility) can play a key role in addressing air pollution. 
Shared mobility covers a variety of mobility services from bike sharing, carpooling, 
on-demand ride-hailing to ‘micro-mobility’ which includes dock less bicycles, electric 
bikes	and	electric	scooters.	These	services	offer	an	increased	modal	choice	for	
commuters besides conventional public transport, as well as access to a range of 
low emission vehicles (such as EVs and e- scooters) without the requirement of 
individual ownership. The systematic inclusion of these modes in a city’s mobility mix 
could improve last-mile connectivity, while reducing VKT of personal vehicles and the 
overall rate of motorisation. Because of the decentralised nature of service-provision, 
new mobility has the potential to cover a larger geographical coverage compared to 
public transport, depending on the size of the market-potential.

Measures Description

Low emission 
vehicles

The adoption of renewable energy is achieved through diverse measures, such as–
blending conventional fossil fuels with biofuels (like ethanol or bio-diesel), conversion 
of natural gas vehicles to upgraded biomethane fuels, increasing the uptake of low 
emission	vehicles,	and	the	electrification	of	public	transport.	The	category	of	low	
emission vehicles includes a wide range of vehicular types or technologies, such as 
battery electric vehicles, plug-in hybrid vehicles and those fuelled by hydrogen. These 
types of vehicles span both private (cars, scooters, taxis, freight trucks) and the public 
sector	(buses	and	cargo	fleets,	trams,	trains,	etc.).

Vehicle 
technology 
and emission 
standards

These measures provide a clear policy direction to facilitate pathways for the uptake 
of newer technologies, enabling the transition of manufacturing processes. Innovative 
low-carbon	technologies	not	only	benefit	domestic	markets	but	also	potentially	
result in economic development through their export. This leads to the creation of 
newer business models and unlocks private-sector investments. In addition, stricter 
emission	standards	and	labelling	schemes	are	effective	solutions	to	inform	better	
consumer choice towards low emission vehicles and regulate automobile companies 
to manufacture them.

Inspection and 
maintenance

Inspection and maintenance involve periodic checking and repairing of tail-pipe 
emissions and pollution-control devices (e.g., catalytic converters) for all vehicles 
operating in a city. Inspection and maintenance initiatives also s complement other 
policy	measures,	such	as	fuel	quality	standards,	as	well	as	the	retrofitting	and	
replacement of older vehicles by low emission vehicles. Inspection and maintenance 
programmes ensure that automobile owners maintain their vehicles, which results in 
them	complying	with	emission	limits.	The	systematic	maintenance	of	vehicle	fleets	
has the potential to reduce fossil fuel consumption and vehicle emissions.

Source: UNCRD (2019)127

When developing a low emission mobility strategy, 
it is important to recognise that no one policy 
intervention will provide the solution on its own. 
A package of  measures comprising a range of  
different measures will be required to obtain synergies 
with several measures, reinforcing the impact (and 
offsetting the disadvantages) of  others.

The overall strategy must therefore be comprehensive, 
integrated across all modes, and involve an element 
of  land-use planning. The impact of  certain strategies 
will only occur in the long term (e.g., land-use changes 
that arise from planning). These kinds of  strategies 
should not deter practitioners from investing in them 
as their impact can be considerable.

The administrative level at which low emission 
mobility interventions are implemented will vary 
depending on the measures used. If  low emission 
mobility is to be fully integrated in the transport 
sector, then associated policy instruments will need to 
be implemented at all tiers of  government policy. This 
will require an understanding of  the role of  transport 
and its impact of  air and climate at all administrative 
levels.

Different policy measures are implemented at 
different levels. Therefore, a range of  actors and 
agencies responsible for different policy measures 
need to be include in local/city, regional and national 
level.128

4.7 Measures To Control 2&3W 

There is a need to reduce the impact of  2&3W on 
air quality in Indian cities. However, this requires 
acknowledging the role of  2&3W in urban mobility 
and taking appropriate action to reorganise, regulate 
and integrate 2&3W wheelers into the current 
transport system. A range of  measures exist 
which can reduce the impact of  2&3W. Figure 13 
presents seven measures that can transform the 
use of  2&3W.129 Local government can implement 
restriction, the promotion of  electric 2&3W 
(E2&3W) retrofit programmes and dedicated lanes 
for 2&3W. In contrast, the setting of  emission and 
fuel economy standards are the remit of  national 
government. 

127 UNCRD (2019) ibid.
128 B/Clean Air Asia (2009) Mainstreaming air quality in urban development through south-south twining. Asian Development Bank, Clean Air Asia, 
	 Manila,	the	Philippines.	Available	online:	https://www.adb.org/sites/default/files/project-documents/46250/46250-001-tacr-en.pdf
129	 GIZ	(2008)	ibid.	
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130	 GIZ	(2008)	ibid.
131	 ITDP	(2009)	Regulation	and	design	of	motorised	and	non-motorised	two-	and	three-wheelers	in	urban	traffic.	Institute	for	Transportation	and	
 Development Policy, New York, USA. Available online: https://itdpdotorg.wpengine.com/wp-content/uploads/2014/07/Two_and_Three_Wheeler_
 Regulation__October_2009.pdf
132 Putranto, L. S (2011) The Performance of Motorcycle Lanes in Jakarta and Sragen. Proceedings of the Eastern Asia Society for Transportation 
 Studies, Vol. 8.
133	 Le,	T.	Q.	and	Nurhidayati,	Z.	A.	(2016)	A	study	of	motorcycle	lane	design	in	some	Asian	countries.	Procedia	Engineering,	142,	292-298
134 ADB/Clean Air Asia (2009) Mainstreaming air quality in urban development through south-south twining. Asian Development Bank, Clean Air Asia, 
	 Manila,	the	Philippines.	Available	online:	https://www.adb.org/sites/default/files/project-documents/46250/46250-001-tacr-en.pdf

Figure 13: Measures to address the impact of 2&3W Source:	GIZ	(2008)130

4.7.1 Restriction 
Several Asian cities have banned the use of  2&3W 
due to traffic congestion and road fatalities (e.g., 
Guangzhou, Shenzhen, Dongguan, Kuala Lumpur, 
Jakarta, Yangon, Hanoi). Whenever a vehicle category 
is banned on specific routes, the users of  the banned 
vehicle are forced to choose an alternative mode to 
reach their destination. This will be less than optimal 
because of  a higher travel time and cost and displaces 
vehicle emissions to another area. However, private 
cars carrying only one passenger are expected to 
cause the highest external costs within urban areas 
and these should be the focus of  any restriction.

The impact a specific transport mode on traffic 
congestion along a road depends on the operating 
characteristics of  the mode, such as maximum speed, 
passenger occupancy, and the load factor (passenger 
per vehicle). These vary according to local traffic 
conditions. Banning a specific vehicle type under 
certain conditions is justified if  a cost-benefit analysis 
proves that such a measure reduces traffic congestion 
and travel time.131

4.7.2 Dedicated lanes for 2&3W
The provision of  2&3W lane to manage the growth 
in traffic can be a temporary measure before more 

sustainable transport such as affordable and reliable 
public transport services can be provided.132

Segregating 2&3W from mixed traffic by using 
dedicated lanes can reduce the risk of  traffic injuries 
and improve capacity and level of  service. Such lanes 
are often introduced along with space for two-stage 
left turn waiting zones, motorcycle waiting zones, 
and lane markings. Dedicated lanes are common 
in Thailand, Malaysia and Taiwan. Providing some 
road space allocation for traffic segregation including 
barriers is one of  effective way for motorcycle safety. 
This can reduce traffic accidents, particularly for 
motorcyclist, existing roadways can improve the 
performance and service.133

4.8 Barriers To Implementation 

Several barriers can be encountered when shifting 
to more efficient transport modes that promote low 
emission mobility. These include:134

• Legal and institutional – such as the division of  
responsibilities between different agencies, which 
can be subject to poor coordination, cooperation 
and integration, the lack of  legal power to 

influence the activities of  the private sector, such 
as developers, and inefficient or insufficient legal 
frameworks; 

• Financia – rimarily restrictions on expenditure 
and budget, which has a particular impact on 
resource-intensive measures; 

• Political – including low or wavering levels of  
government commitment to certain measures, 
which can be linked to the following barrier; 
Social - poor public acceptance of  an instrument, 
perceptions of  public transport being for lower 
classes, and  the private car as a status symbol, 
which create aspirations to own private vehicles; 
and 

• Practical and technological – such as the 
need for land acquisition, enforcement and 
administration, inadequate skills, including 
management capabilities, and poor availability of  
technology. 

These barriers can cause policy instruments not being 
implemented or being implemented ineffectively, 
which can compromise the ability to tackle poor air 
quality. It is therefore important not only to recognise 
potential barriers to implementation but to plan and 
mitigate against them in the early stage of  developing 
a low emission mobility strategy based on the A-S-I 
approach. 

Key Messages
• Shift in the A-S-I Approach aims to improve travel efficiency by promoting the shift from polluting 

to low emission transport modes such as non-motorised transport and public transport.
• Non-motorised transport includes walking, cycling and cycle rickshaws. These modes have zero 

emissions and offer benefits to the individual user and wide society. 
• Plans to encourage active transport should include engineering, encouragement, education and 

enforcement measures.
• To ensure non-motorised transport is a viable and convenient option, street space will need to be 

redesigned to ensure it caters for all modes of  transport.
• Two basic techniques exist to meet the mobility needs of  pedestrians and cyclists. These include:   

(i) traffic calming on minor streets to provide safe places for pedestrians and other transport modes; 
and (ii) physically separated infrastructure for walkers and cyclists on major streets together with 
traffic calming to ensure safe crossings. 

• There is also a need to reduce the impact of  two-and three-wheelers on urban air quality However, 
this requires acknowledging their role in urban mobility and taking appropriate action to reorganise, 
regulate and integrate two and three-wheelers into the current transport system. 

• Mobility management addresses car use by influencing travellers’ attitudes and behaviour through 
the promotion and implementation of  several ‘soft’ measures that change attitudes and behaviour 
as opposed to ‘hard’ measures, such as road infrastructure.

• A low emission mobility strategy requires a package of  measures that can maximise synergies and 
offset disadvantages of  an individual measure. 

• Various actors and agencies responsible for different policy measures should be included in the 
development of  mobility management plans to ensure measures are implemented at the right level 
(e.g., local/regional/national).
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5. Improve Vehicle And
		 	Fuel	Efficiency

The last part of  the A-S-I Approach focuses on 
improving vehicle and fuel efficiency. It aims to 
increase the energy efficiency of  different transport 
modes and related vehicle technology to ensure 
future vehicles are clean and efficient. This involves 
the introduction of  new vehicle technologies and 

policies, including vehicle performance standards, 
voluntary programmes, fiscal mechanisms, low carbon 
and alternative fuels, financial subsidies for advanced 
vehicle technologies and fleet scrappage programmes. 
Table 14 provides examples of  policy instruments to 
improve vehicle and fuel efficiency.

Table	14:	Examples	of	Improve	policy	instruments	to	improve	vehicle	and	fuel	efficiency

Strategy Type of policy instrument Policy/Measures

Improve Regulatory Fuel economy/CO2 emission 
standards

Vehicle inspection and 
maintenance

Speed limits/speed management 

Low emission zones

Traffic	management

Import	restriction	on	inefficient	
vehicles 

Economic CO2 based vehicle taxation

Tax	rebates	for	efficient	vehicles

Vehicle scrapping

Electric vehicle tax incentives

Information Eco-driving

Car fuel economy labelling

Source: Bakker et al. (2017)135

5.1 Vehicle Emission
 Standards

Since the 1950s, motor vehicle air pollution has been 
recognised as an important issue. To address this 
concern, the European Commission (EC) adopted 
Directive 70/220/EEC to regulate road vehicle 
emissions establishing emission limits for CO and HC 
from gasoline vehicles. This directive was amended in 
subsequent years to include other pollutants such as 
NOX or PM.

In 1992, the EC adopted the first Euro standard, the 
so-called Euro 1, which was a milestone in vehicle 
pollution control. Since then, other EC Directives 
and Regulations have entered into force, extending 
the legislation and further tightening emission limits 
from Euro 1 to Euro 6 (see Table 15). Many countries 
outside the EU now use the Euro emission standards.

Accelerated by the 2015 Dieselgate scandal (see 
Box 5), the EC introduced in 2017 Euro standards 
for passenger cars and vans included a shift from 
the outdated to the New European Driving Cycle 
(NEDC) used for the laboratory tests to the 
Worldwide harmonised Light vehicles Test Procedure 
(WLTP) which required the testing of  vehicles outside 
the laboratory in Real Driving Emissions (RDE) 
tests. The RDE tests have been crucial in limiting 
emissions during the real use of  the vehicles. Similarly, 
introducing portable emission measuring systems 
(PEMS) includes real world measurements for heavy-
duty vehicles (HDVs) have also been key to limiting 
emissions in real use for HDVs.136

In 2019, the EC launched the process of  developing 
stricter emissions standards (post-Euro 6/VI to 
further reduce vehicle emissions under real-world 
conditions and to address non-regulated pollutants.

135 Bakker et al. (2017) ibid.
136 Ortega Hortelano, A. et al. (2020) Research and innovation in road vehicle emissions control, EC Joint Research Centre, Ispra, Italy. 
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Table 15: European Union vehicle emission standards

Stage Date CO HC HC+NOX NOX PM PN

g/km #/km

Positive Ignition (Gasoline)

Euro 1 1992.07 2.72 - 0.97 - - -

Euro 2 1996.01 2.2 - 0.5 - - -

Euro 3 2000.01 2.3 0.20 - 0.15 - -

Euro 4 2005.01 1.0 0.10 - 0.08 - -

Euro 5 2009.09b 1.0 0.10d - 0.06 0.005 -

Euro 6 2014.09 1.0 0.10d - 0.06 0.005 6.0×1011

Compression Ignition (Diesel)

Euro 1 1992.07 2.72 - 0.97 - 0.14 -

Euro 2, IDI 1996.01 1.0 - 0.7 - 0.08 -

Euro 2, DI 1996.01a 1.0 - 0.9 - 0.10 -

Euro 3 2000.01 0.64 - 0.56 0.50 0.05 -

Euro 4 2005.01 0.50 - 0.30 0.25 0.025 -

Euro 5a 2009.09b 0.50 - 0.23 0.18 0.005 -

Euro 5b 2011.09c 0.50 - 0.23 0.18 0.005 6.0×1011

Euro 6 2014.09 0.50 - 0.17 0.08 0.005 6.0×1011

Source: Dieselnet (2021)137

a.   until 1999.09.30 (after that date Direct Injection engines must meet the Indirect Injection limits)
b.   2011.01 for all models
c.   2013.01 for all models
d.   and non-methane hydrocarbons = 0.068 g/km

137 Dieselnet (2021) Available online: https://dieselnet.com/standards/eu/ld.php
138 EEA (2016) Explaining road transport emissions: a non-technical guide. European Environment Agency, Copenhagen, Denmark. 
 Available online: https://www.eea.europa.eu/publications/explaining-road-transport-emissions

The 2015 ‘Dieselgate’ scandal sped up the development and implementation of  a new laboratory 
test procedure known as the WLTP and a complementary on-road RDE test for which emissions are 
measured with an on-board PEMS. As of  September 2019, both tests are used for the approval of  all new 
cars sold in the EU and in 2020 force for all new vans.

After Dieselgate, several EU Member State investigations showed that cars and vans emitted much more 
NOx emissions once driven on the road compared to the official limit. This gap was around 500% on 
average for Euro 6 diesel vehicles. Using an on-road test includes a broader range of  driving and testing 
conditions, coupled with the third-party testing that will enter into force in September 2019. This should 
force car manufacturers to reduce pollutant emissions from vehicles in real-life conditions.

Not all regulated pollutants are measured by PEMS, and further pollutants may be regulated by the future 
Euro 7/VII standard. In-service conformity checks will be crucial to make sure vehicles respect emission 
limits over the entire duration of  use, so that their impact on air quality does not increase.138

Box 5: Dieselgate

5.1.1 Indian Bharat Stage emission standards
India introduced vehicle emission norms in 1991 for 
petrol and in 1992 for diesel vehicles. Since 2000, 
India has followed Euro standards under the name 
Bharat Stage (BS) Emission Standards for four-
wheeled vehicles (see Table 16).

BS III norms have been enforced across India since 
October 2010. In a few cities, BS IV norms are in 

place since April 2010. BS IV were proposed to be 
enforced throughout India by April 2017.139

On 1 April 2020, India officially transitioned to BS 
VI vehicle emission standards. The BS VI regulation 
contains new fuel specifications and standards 
for commercial gasoline and diesel to support the 
advanced emission control technologies that vehicle 
manufacturers are incorporating in BS VI vehicles.

Table 16: Indian vehicle emission standards

Standard Reference Date Region

India 2000 Euro 1 2000 Nationwide

Bharat Stage II Euro 2 2001 National Capital Region (Delhi) (NCR) Mumbai, 
Kolkata, Chennai

2003.04 NCR 11 cities†

2005.04 Nationwide

Bharat Stage III Euro 3 2005.04 NCR 11 cities†

2010.04 Nationwide

Bharat Stage IV Euro 4 2010.04 NCR 13 cities‡

2015.07 Above plus 29 cities mainly in the states of Haryana, 
Uttar Pradesh, Rajasthan and Maharashtra

2015.10 North India plus bordering districts of Rajasthan
(9 States)

2016.04 Western India plus parts of South and East India
(10 States and Territories)

2017.04 Nationwide

Bharat Stage VI Euro 6 2020.04 Nationwide

Source: Dieselnet (2021)140

† Mumbai, Kolkata, Chennai, Bangalore, Hyderabad, Secunderabad, 
 Ahmedabad, Pune, Surat, Kanpur and Agra
‡ Above cities plus Solapur and Lucknow. The programme was later 
 expanded with the aim of  including 50 additional cities by March 2015

139 The Economic Times (2021) Bharat Emission Standard. 
	 Available	online:	https://economictimes.indiatimes.com/definition/bharat-emission-standards
140 Dieselnet (2021) Available online: https://dieselnet.com/standards/eu/ld.php

5.2 Fuel Quality Standards

Fuel is important in ensuring vehicle emission 
standards are met with fuel specifications being 
aligned to corresponding European production 
norms. Increasing vehicle emission norms requires 
vehicle manufacturers to improve their technology, 
which can increase the cost per vehicle. Cost is 

often a reason why the adoption of  stricter emission 
standards is slow. However, the increase in costs can 
be offset by the savings achieved in health benefits of  
improved air quality and a decrease in the incidence 
of  disease.

Indian fuel quality standards have been implemented 
to complement vehicle emission standards, which 
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141 Sathiamoorthy, B. and Bandivadekar, A. (2020) Gasoline and diesel fuel quality survey for India: Part 1. Working Paper 2020-16, International 
 Council on Clean Transportation.
142 Sathiamoorthy, B. and Bandivadekar, A. (2020) Gasoline and diesel fuel quality survey for India: Part 1. Working Paper 2020-16, International 
 Council on Clean Transportation.
143	 GIZ	(2016)	Eletromobility	Sustainable	Urban	Transport	Project,	Eschborn,	Germany.
 Available online: https://www.sutp.org/publications/electromobility/
144 Capacities. (2018) E-Rickshaw Pilot Assessment for Udaipur, Rajasthan quoted in ADB (2019)
145 IEA (2020) Global EV Outlook 2020, International Energy Agency, Paris, France.
 Available online: https://www.iea.org/data-and-statistics/data-products
146 CEEW - Centre for Energy Finance (2020) Electric Mobility Dashboard. Council for Energy, Environment and Water - Centre for Energy Finance, 
 New Delhi, India. Available online: https://cef.ceew.in/solutions-factory/tool/electric-mobility

have become stricter. The April 2017 BS IV fuel 
quality standards resulted in fuel sulphur levels in 
both gasoline and diesel being limited 50 parts per 
million (ppm) nationwide. The BS VI regulation 
further reduced diesel and gasoline sulphur content 
to 10 ppm to enable optimal functioning of  advanced 
emission control systems such as diesel particulate 
filters, selective catalytic reduction systems, and lean-
NOX traps.

Besides sulphur, BS VI fuel quality standards also 
improve other fuel quality characteristics. While some 
parameters such as octane number, olefin content, 
and fuel density in gasoline, and the cetane number 
of  diesel, do not directly impact exhaust pollutant 
emissions, they influence the engine’s thermal 
efficiency. Other parameters include ethanol content 
in gasoline and polycyclic aromatic hydrocarbon 
content in diesel, which have a direct effect on 
exhaust emissions.141

In view of  the nationwide rollout of  BS VI fuel 
quality and emission standards, the International 
Council for Clean Transportation (ICCT) undertook 
a survey of  motor gasoline and automotive diesel fuel 
quality across India from December 2019 - January 
2020.142

The survey found while fuel stations complied with 
BS IV fuel limits, some did not. Although non-
compliant fuel was found to have been sold by a few 
retailers, it is not clear whether the problem of  fuel 
quality originated with the supplier or the retailer. 
Therefore, robust fuel quality monitoring is needed 
both upstream and downstream along the supply 
chain.

The survey also showed that several refineries, as of  
December 2019, had already started supplying BS 
VI standard fuel to several distributors. While only 
the fuel stations in New Delhi were required to meet 
the BS VI fuel standard requirements, several other 
outlets also already complied with BS VI standards. 
The study concluded that the data showed a readiness 
towards full compliance from April 2020 onwards.

5.3 Electric Vehicles

Electrification of  the transport sector has a major role 
to play in decarbonising transport in India, reducing 
its dependency on fossil fuel. Benefits include zero 
tailpipe emissions, better efficiency than internal 
combustion engine vehicles and enormous potential 
for GHG reductions when coupled with a low-carbon 
electricity sector.

Electric mobility (E-mobility) can be defined as 
transport modes with electric motors that use various 
forms of  energy supply.143 These are contributing to 
solving both transport and environmental challenges. 
Electric vehicles (EV) include E2&3Ws, cars, buses, 
heavy goods vehicles.

E-mobility should be part of  the integrated ASI 
approach to improve vehicle efficiency by reducing 
pollutant air emissions per energy unit. It should also 
be part of  a broader low emission transport strategy 
that has public transport at its core.

EV have an efficiency advantage over of  the internal 
combustion engine as its energy use does not have 
to first be converted into heat. In addition, energy 
sources used in electricity generation can be replaced 
by low-carbon energy sources and further reducing 
harmful emissions.

While India has limited experience of  electric cars 
and heavy-duty vehicles, it has some experience 
with low-powered electric scooters (e-scooters) and 
electric rickshaws (e-rickshaws). In New Delhi, it is 
estimated approximately 100,000 e-rickshaws operate 
while traffic police only have registered less than 
20,000 units.144 No comprehensive official registration 
numbers exist for low-powered scooters and 
e-rickshaws, assessing deployed numbers difficult.

According to the International Energy Agency (IEA) 
(2020), the market share of  EV in India represents 
only 0.1% (2019).145 In 2020, a total of  5,30,560 EVs 
(including electric 2&3W, electric cars and buses were 
sold in India.146 In particular, the sale of  electric 2W 

(E2W) is growing. In 2019, E2W sales more than 
doubled from 54,800 (2018) to 126,000 units in 2019. 
India has an estimated fleet size of  E2W of  0.6 
million (2018-2019). Motorised 2W are responsible 
for an estimated 20% of  CO2 emissions and 30% of  
particulate emissions in India. 

5.3.1 Electric 2&3W in India
Zero tailpipe emission technology solves transport-
related pollution problems. The 2&3W are a priority 
to transition to electric mobility. Plug-in electric 
motorcycles, or e-bikes, have been available for many 
years and have enjoyed commercial success, primarily 
in China, where there are about 30 to 50 million e- 
bikes while in India the market is growing.

UNEP estimates that a global shift to 90% battery 
electric motorcycle sales by 2030 could cause CO2 
emissions reductions of  11 billion tons between now 
and 2050. In addition, overall monetary savings from 
lower fuel and maintenance costs, including higher 
purchase price of  electric motorcycles, could amount 
to about USD 350 billion by 2050.147

Plug-in battery powered E2&3W (e.g., e-bikes, 
scooters, e-rickshaws) hold the potential to reduce 
GHG emissions, improve air quality, deliver 
health quality of  life benefits without significant 

147 UNEP (2020) Electric 2- & 3-wheelers for Southeast Asia.
 Available online: https://cleanairsolutions.asia/wp-content/uploads/ASEAN-E2-E3Vs-Policy-Guidelines.pdf
148 Harding, S., Kandlikar, M. (2017) Explaining the rapid emergence of battery-rickshaws in New Delhi: supply-demand, regulation and political 
 mobilisation. World Develop. Perspect. 7, 22–27.
149 Motor Vehicles (Amendment) Act (2015) Motor Vehicles (Amendment) Act, 2015 (No. 3 of 2015). Ministry of Law and Justice. The Gazette of India. 
 Registered No. DL- (N) 04/0007/2003-15.
150 Council on Energy, Environment and Water (CEEW), (2020) Financing India’s Transition to Electric Vehicles, Report.
	 Available	online:	https://cef.ceew.in/solutions-factory/	publications/financing-india-transition-to-electric-vehicles
151 World Bank/IUTP (2018) Electric mobility and development, Washington DC, USA.
 Available online: https://openknowledge.worldbank.org/bitstream/handle/10986/30922/eMobility_and_Development.pdf?sequence=8&isAllowed=y

infrastructure investment in Asian low- and middle-
income countries that have predominantly gasoline-
based 2W in their traffic mix, such as India and 
Pakistan.

Using battery-powered E3W, also known as electric 
rickshaws (e-rickshaws) has been increasing in Indian 
cites.148  With one front wheel and two rear wheels, 
e-rickshaws have a maximum seating capacity of  five 
persons, including the driver. The 2015 Indian Motor 
Vehicles (Amendment) Act defines e-rickshaws as a 
special purpose battery operated vehicle having three 
wheels and power not exceeding 4000 W, to carry 
passengers for hire.149 By relying on DC motors and 
lead-acid batteries, electric rickshaws have zero tail-
pipe emissions.

The Indian EV market is estimated to grow as much 
as US$206 billion (INR 14,42,200 crore) by 2030, with 
investments of  over US$180 billion (INR 12,50,000 
crore) needed for vehicle production and charging 
infrastructure to meet the country’s EV ambition.150

In order to exploit the full potential of  E-mobility, 
additional measures are required to use renewable 
electricity and expand EV charging infrastructure. 
Depending on vehicle occupancy, EV can offer a 
significant reduction in pollutant emissions per person.

The World Bank and the International Association of  Public Transport identified the following key 
features of  E-Mobility programmes:151

• Accurate understanding of  market segments that may adopt E-Mobility. Knowledge of  the 
scale, travel behaviours, demographic characteristics, and commercial considerations that characterise 
mobility in different market segments are critical. 

• Sensitivity of  target market segments to incentives. These include perceptions of  as well as 
concrete factors such as price, availability, suitability to a mobility need, and actual emission reduction. 

• Enabling and complementary factors that already exist or can be put in place that influence 
E-mobility use, such as charging infrastructure, the pace of  fleet renewal, electricity pricing, travel 
demand management policies, taxation regimes, vehicle regulations, parking policies; and

• Policy creditability to implement targeted solutions. In particular, the perceived or actual 
credibility of  government bodies to deliver on what they aim to achieve. The stability and 
predictability of  policy is an important consideration, especially where firms are expected to make 
investments that have long-term implications.

Box 6: Main Features of E-Mobility Programme 
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5.4 Electric Vehicles Policy in India

In India, energy security and clean air considerations have also prompted the adoption of  stricter performance 
and efficiency standards for the overall vehicle fleet. This has led to new policies focussing on the development 
and market adoption of  electric and hybrid vehicles. The Indian government and other stakeholders have 
showed a firm commitment to the electrification of  the transport sector. Key policy initiatives include:152

2013 In 2013, the Indian government launched its National Electric Mobility Mission Plan (NEMMP)  
 2020153 which highlighted its aim to boost the adoption and manufacturing of  EV. India’s current EV 
 policy framework is a mix of  incentive-based policies accompanied by regulatory reforms, and public-
 private partnerships to encourage EV adoption, expand charging infrastructure and support domestic 
 EV and supply equipment manufacturing capacity and battery manufacturing. 

2015 In 2015, the Faster Adoption and Manufacturing of  (Hybrid and) Electric Vehicles (FAME) is an 
 incentive scheme that reduces the upfront purchase price of  hybrid and electric vehicles was launched 
 under the NEMMP 2020 to stimulate early adoption and market creation of  hybrid and electric vehicles.

2017 In April 2017, the government of  India outlined a vision aiming to have an all-electric vehicle fleet by
 2030. This was followed by the establishment of  NEMMP in the year 2020, which aimed to promote 
 hybrid and electric vehicles.

 In May 2017, the National Institution for Transforming India (NITI Aayog) outlined a vision for the 
 transformation of  mobility in the country, proposing a set of  actionable and specific solutions to 
 speed up India’s leadership in advanced mobility.

 In September 2017, Tata Motors won the first public procurement EV tender in India by Energy 
 Efficiency Services Limited (EESL)

 In December 2017, the Indian automotive industry released a white paper proposing a pathway 
 towards all new vehicle sales being all electric by 2047 and 100% of  intra-city public transport as all 
 electric by 2030. 

2018 In February 2018, the Ministry of  Heavy Industries and Public Enterprises stated it had set no target 
 for electric cars for 2030 and referred to the FAME scheme as the instrument in place to enable wider 
 adoption of  EVs. 

 Shortly after this, the Ministry of  Power launched a National E-Mobility Programme to be 
 implemented by EESL. EESL is expected to keep focusing on public procurement to facilitate 
 demand creation for EVs in India. It launched an EV procurement tender right in March 2018. 
 Launching the National E-Mobility Programme, the Ministry of  Power also announced that it is 
 focusing on creating the charging infrastructure and a policy framework so that by 2030 over 30% 
 of  vehicles in India are electric. 

2019 In 2019, the Ministry of  Power issued revised Charging Infrastructure for Electric Vehicles Guidelines and 
 Standards154 outlining the roles and responsibilities of  various stakeholders at Central and State level, 
 to implement t the development of  public EV charging infrastructure. The Ministry of  Power’s 
 Bureau of  Energy Efficiency has been designated as the Central Nodal Agency for the National-level 
 rollout of  charging infrastructure.

 The Indian government approved FAME II with a budget of  approximately INR 100 billion (USD 
 1.3 billion) for a three-year period from April 2019. FAME II provides incentives for the purchase 
 of  electric and hybrid vehicles, accounting for about 86% of  the allocation and deployment of  
 charging stations.

152 IEA (2020) Global EV Outlook 2020, International Energy Agency, Paris, France.
153 Government of India (2013) National Electric Mobility Mission, New Delhi, India.
 Available online: https://dhi.nic.in/writereaddata/content/nemmp2020.pdf
154 Panwar, U., Kumar, A., and Chakrabarti, D. (2019) Barriers to implementation of electric vehicles in India. International Journal of Electric and 
 Hybrid Vehicles, 11:3.

In India, several aspects of  road transport policy 
making and deployment are within the jurisdiction of  
its 28 states and 8 union territories. While overarching 
targets for EVs and charger deployment are set by the 
federal government, the deployment is implemented 
by the states.

Several Indian states are providing financial 
incentives, duty waivers, exemptions from permit fees, 
streamlined registration processes and supporting 
infrastructure to encourage EV uptake and charging 
station deployment. While specific policy approaches 
vary by local context, states such as Andhra Pradesh, 
Delhi, Gujarat, Karnataka, Maharashtra, Tamil Nadu, 
Telangana and West Bengal have developed state level 
roadmaps and policy guides to aid policy consistency.

5.4.1 EV incentives 
FAME II covers incentives for electric buses,2&3W, 
plug-in hybrid vehicles and hybrid electric cars. The 
largest share of  the incentives is for buses (41%), 
followed by 3W (29%) and 2W (23%). Incentives 
(August 2019) have been approved for 5,595 electric 
buses for both intercity (across 64 cities) and local 
operations. Several cities, e.g., Kolkata, Nagpur and 
Delhi, are buying electric buses under the FAME II 
scheme.155

In 2019/2020, several new electric car models 
with expanded ranges of  over 300 km were to be 
launched in the market. However, FAME II specifies 
a maximum price of  about INR 1 500 000 (USD 19 

900) for cars to be eligible, excluding most of  the car 
models from the scheme because of  higher prices.156

The charging infrastructure guidelines laid out targets 
for the installation of  at least 1 publicly accessible 
charger within a 3 x 3 km grid in cities, and 1 charging 
station every 25 km on both sides of  highways. There 
would also be 1 fast charging station every 100 km on 
highways. These guidelines also include information 
on the specifications of  the electric vehicle supply 
equipment and related aspects of  charger deployment. 
Under FAME II, approximately INR 10 billion (USD 
130 million) has been allocated to deploy networks of  
charging stations, with incentives that range from 50 
to 100% of  the cost of  a charger based on its location 
and access.

Despite these developments, several barriers exist 
with the uptake of  EV in India.157 These include 
India’s dependency on fossil fuels, the lack of  
lithium reserves, grid integration problems, heavy 
loads of  EV together with a lack of  charging station 
infrastructure in metropolitan areas.

Changing consumer perception of  EV is important. 
Barriers include performance and range, the total cost 
of  ownership, shortage of  charging infrastructure, 
lack of  consumer awareness about EV technology. 
Before the purchase of  an EV, the consumer can 
have several questions. Figure 14 summaries the main 
consumer challenges in deciding to purchase an EV.158

155 IEA (2020) ibid. 
156 IEA (2020) ibid. 
157 Panwar et al. (2019) ibid. 
158	 Sankaran,	G.,	Venkatesan,	S.,	Prabhar,	M.	(2020)	Range	Anxiety	on	electric	vehicles	in	India	-Impact	on	customer	and	factors	influencing	range	
 Anxiety. Materialstody proceedings, 33:part 1, pp895-901.
159 Sankaran et al. (2020) ibid.

Figure 14: Consumer concerns when purchasing an EV Source: Sankaran et al. (2020)159
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A 2020 study by the Council for Energy, Environment and Water (CEEW) estimated that a shift to EV in 
India could save on crude oil imports worth over INR 1 lakh crore (USD 14 billion) annually if  EVs were 
to garner 30% of  India’s new vehicle sales by 2030.160 The increase in EV penetration could also increase 
the combined market size of  power train, battery and public chargers to over INR 2 lakh crore (USD 28 
billion), besides creating 120,000 new jobs in this sector. In addition, a substantial number of  new jobs 
are likely to be created in emerging areas such as battery recycling, telematics, and allied construction and 
services.

The CEEW study also found that meeting the 30% EV penetration target in 2030 could lead to several 
environmental benefits including a 17% decrease each in PM and NOX emissions, 18% reduction in CO 
emissions, and a 4% reduction in GHG emissions compared to a business-as-usual scenario.

Compared to the business-as-usual scenario, the CEEW study highlighted that 30% EV penetration 
would include trade-offs such as about 19% fewer jobs in the oil sector and in the ICE vehicle 
manufacturing sector combined. Further, the combined annual value add loss in the oil and the 
automobile sector could amount to about INR 2 lakh crore (USD 25 billion). In addition, the central and 
state governments would lose over INR 1 lakh crore in tax revenue annually from reduced sales of  petrol 
and diesel.

However, these impacts on the wider economy would be offset through newer avenues for value addition 
and employment within the EV ecosystem such as battery recycling, construction of  giga factories, 
installation and operation of  EV charging infrastructure, and automotive telematics products and services. 

The study concluded that in order to achieve the full benefits of  an EV transition, the rise in private 
vehicle ownership must be contained via policy interventions and behavioural nudges. An increasing share 
of  passenger travel demand should be met via public transport and non-motorised transport options, 
such as walking and cycling. Such a focus would also have positive implications for air quality, road safety, 
congestion, and energy consumption.

Box 7: India’s Electric Vehicle Transition

5.5 Types of Electric Vehicles 

Electric vehicles can be divided into three types 
depending on the extent electricity is used as their 
energy source. These include full battery electric 
vehicles (BEVs), plug-in hybrid electric vehicles 
(PHEV) and hybrid electric vehicles (HEV).161 The 
market share of  PHEV and BEV in India in 2019 was 
a miniscule 0.1%.

5.5.1 Full battery electric vehicle
BEV are fully electric vehicles with rechargeable 
batteries and no gasoline engine. BEV store electricity 
onboard with high-capacity battery packs. Theis 
battery power runs the electric motor and all onboard 
electronics systems. BEVs do not emit any toxic air 
pollutant emissions and hazards caused by traditional 
gasoline-powered vehicles. BEVs are charged by 

electricity from an external source. EV chargers are 
classified according to the speed with which they 
recharge an EV battery. The classifications are Level 1, 
Level 2, and Level 3 or DC fast charging.162

Level 1: EV charging uses a standard household 
 (120v) outlet to plug into the electric 
 vehicle and takes over 8 hours to charge an 
 EV for approximately 75-80 miles. Level 
 one charging is done at home or at your 
 workplace. Level 1 chargers can charge 
 most EVs on the market.

Level 2: EV charging requires a specialised station 
 which provides power at 240v. Level 2 
 chargers are found at workplaces and public 
 charging stations and can take up to 4 hours 
 to charge a battery to 75-80 miles of  range.

160 CEEW (2020) India’s Electric Vehicle Transition. Centre for Energy, Environment and Water, New Delhi, India.
	 Available	online:	https://www.ceew.in/sites/default/files/CEEW-India’s-EV-Transition-Post-COVID-19-07Nov20.pdf
161 See: https://www.evgo.com/why-evs/types-of-electric-vehicles/
162 Ibid.

Level 3:  DC fast charging, or simply fast charging 
 is currently the fastest charging solution 
 in the EV market. DC fast chargers are 
 found at dedicated EV charging stations 
 and charge a battery up to 90 miles range 
 in approximately 30 minutes.

5.5.2 Plug-in hybrid electric vehicle
PHEV can recharge the battery through regenerative 
braking and plugging in to an external electricity 
source. Regenerative braking is a process where the 
electric motor helps to slow the vehicle and uses 
some of  the energy normally converted to heat by 
the brakes. While standard hybrid vehicles can (at low 
speed) go about 1-2 miles before the gasoline engine 
turns on, PHEV models can go anywhere from 10 to 
40 miles before their gas engines provide assistance.

5.5.3 Hybrid electric vehicle
HEVs are powered by both gasoline and electricity. 
The electric energy is generated by the car’s braking 
system to recharge the battery. HEVs start off  using 
the electric motor, then the gasoline engine cuts in 
as load or speed rises. The two motors are controlled 
by an internal computer, which ensures the best 
economy for the driving conditions.

5.5.4 Electric three-wheelers
Electric three-wheelers (E3W) include E-tuk-tuks 
or E-rickshaws, are an environmentally friendly and 
economical means of  urban transport that have been 
in use for decades in many developing countries. 
E-tuk-tuks are replacing fossil-fuelled auto-rickshaws 
in some countries. This also has the added benefits 
of  enhancing urban air quality, contributing to a 
reduction of  carbon emissions, and urban noise 
pollution with similar or better services. E-tuk-tuks 
have lower specific energy consumption compared to 
LPG and diesel-powered rickshaws in West Bengal 
(India).163 E3W also can serve first and last mile 
connectivity, covering the distance between a station 
and a traveller’s ultimate destination, and usually 
offering cheap and fast transport services.164

However, charging of  batteries in E-tuk-tuks is a key 
issue in many cities. A range of  recharging models 
are available, such as at-home charging, charging in 
stations, or battery swapping, depending on charging 
infrastructure in the city. E-tuk-tuk charging at home 
requires special attention, as the existing charging 
infrastructure for peak load in residential areas may 
not be suitable to meet demand.165

It may also be expensive to plug batteries for 
recharging into the utility grid. The source of  
electricity in the grid for charging also determines the 
overall emission reduction potential of  E-tuk-tuks. 
Jabalpur is to start solar powered charging stations for 
taxi E-tuk-tuks. The battery charging in solar powered 
station is 30% cheaper than grid connected power.166 
Enough charging stations and charging infrastructure 
standards therefore will need to be in place in order to 
expand the use of  E-tuk-tuks.167

An ADB assessment of  E-rickshaws in India 
concluded they were low-cost, low-power lead-acid 
units with a short battery life span of  6 months to 1 
year.168 However, there were significant disadvantages 
with E-rickshaws regarding speed, power, load 
capacity, and driving range when compared to 
conventional units. In addition, E-rickshaws also 
created potential health and environmental hazards 
with battery recycling. Despite these technical 
disadvantages and environmental risks, E-rickshaws 
are still financially attractive to some rickshaw owners. 
Boxes 8 and 9 provide examples of  E2&3W schemes 
in India and China.

E-rickshaws can be cost-effective transport option 
in many cities of  India, where there is a public 
transport deficit. E2&3W can have a positive impact 
on accessibility (flexibility, reliability, and speed), road 
space use, equity, air quality, climate, and noise. They 
can also offer benefits for inclusive transport and 
livelihoods. They can extend the distance range of  
bicycles by reducing the physical effort.

163 Majumdar, D., & Jash, T. (2015). Merits and Challenges of E-Rickshaw as AN Alternative form of Public Road Transport System: A Case Study in 
 the State of West Bengal in India. Energy Procedia , 79, pp. 307-314.
164 UEMI (2018) Electric three wheelers. Urban Electric Mobility Initiative, Berlin, Germany.
 Available online: http://www.uemi.net/uploads/4/8/9/5/48950199/uemi_factsheet_threewheelers1.pdf
165 Park, E., and Kwon, S. (2016). Renewable electricity generation systems for electric-powered taxis: The case of Daejeon metropolitan city. 
 Renewable and Sustainable Energy Reviews, 58:1466-1474.
166	 The	Economic	Times	(2017).	Solar	electric	charging	30%	cheaper	than	grid-linked:	ABB	India,	9	November	2017.
 Available online: https://economictimes.indiatimes.com/industry/indl-goods/svs/engineering/solar-electric-charging-30-cheaper-than-grid-linked-abb-
 india/articleshow/61579067.cms?from=mdr
167 UEMI (2018) ibid.
168 ADB (2019) E-mobility options for ADB developing member countries. ADB Sustainable Development Working Paper Series No. 60, March 2019, 
	 Asian	Development	Bank,	Manila,	the	Philippines.	Available	online:	https://www.adb.org/sites/default/files/publication/494566/sdwp-060-e-mobility-
 options-adb-dmcs.pdf
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To facilitate the electrification of  E2&3W GIZ 
(2018)169 made several recommendations: 
• Set ambitious E2W penetration targets and 

include a subsidy scheme for greater penetration 
of  E2W (to prevent market failures). 

• Ensure price competitiveness between E2W and 
conventional internal-combustion engine two-
wheelers. 

• Regulate E2W to maximise safety by adopting 
regulations demanding speed governors to be set 
to locally agreed safe speeds. 

169	 GIZ	(2018)	ibid.
170 The Economic Times (2017) ibid.
171	 ABB	(2017)	E-rickshaws	charging	up	with	solar	power,	ABB,	Zurich	Switzerland.	Available	online:	https://www.youtube.com/watch?v=JCmYX4F6lx0
172 UEMI (2018) Electric three wheelers. Urban Electric Mobility Initiative, Berlin, Germany.
 Available online: http://www.uemi.net/uploads/4/8/9/5/48950199/uemi_factsheet_threewheelers1.pdf

• Implement stringent battery production and 
recycling standards. 

• Regulate conventional 2W parking while granting 
free parking slots for E2W. 

• Provide greater access/circulation of  E2W that 
use pedal assistance instead of  throttle power. 

• Increase the share of  renewables in the electricity 
mix and substituting lithium-ion batteries for 
lead-acid batteries. 

• Promote E2W sharing schemes and integrating 
them with existing public transport schemes. 

Jabalpur has been designated as a smart city by the Indian government. Jabalpur is committed to 
encouraging the country’s economic development and provide affordable access to the citizens reducing 
carbon emission. Jabalpur started the adoption of  zero emission E tuk-tuks a network of  solar-powered 
charging stations has been established. As a pilot project in Jabalpur, local authorities plan has set up 
nine solar-powered charging stations to be used by 400 E tuk-tuks owners in the city. One station is 
in operation and others are planned in the future. The charging stations can generate 50 kilowatts of  
electricity and can serve four E-tuk-tuks simultaneously. It takes between 7 to 8 hours for a full recharge 
of  the battery, enabling the E-tuk-tuks to travel 100 to 150 kilometres. The solar panels in the station are 
also connected to the state grid to feed in additional power generated through net metering.170 171

In 1996, Shanghai banned the sale of  petrol-powered scooters because of  the concern of  poor air quality. 
From 2006, LPG, electric or only human powered two-wheeled vehicles can be sold in Shanghai. The 
ill-defined regulations regarding power output, maximum speed, licensing requirements, safety equipment 
(lights, indicators etc.) governing E2W has led to safety problems, and resulted in Shanghai banning some 
types of  2W in 2016. 

The solid waste from E2W is higher than conventional bikes and scooters because of  battery disposal. 
While E2W do not have a dedicated infrastructure, they have to either compete with cars or bicycles and 
pedestrians. Both can lead to an increase in accidents. While cars can move more people, E2Ws provide 
mobility for one or two persons. This leads to an increase in 2W on the street and can have a negative 
effect on traffic congestion in cities.172

Box 8: Electric Tuk Tuks in Jabalpur

Box 9: Electric two-wheelers in China

5.5.5 Electric two-wheelers
E2Ws include motorcycles, scooters, pedal-assisted 
electric bikes (pedelecs) and mopeds. E2Ws have 
several beneficial characteristics compared to their 
petrol-powered equivalents. In particular, E2W 
produces less air pollution and CO2 emissions, and 
less noise. E2Ws provide a more affordable, and more 
sustainable, alternative to fossil-fuelled cars, especially 
for low- and middle-income groups.

Compared to electric cars, charging E2W is easier and 
requires less infrastructure. However, in many cities, 
their benefits are diminished because of  insufficient 
regulations and enforcement, and because they are 
not integrated within the transport system. There is 
a need to further develop or improve urban charging 
infrastructure. Increasing the amount of  energy that 
batteries can store is important in allowing E2Ws to 
travel further distances between charges, although this 
is still less than an electric car.

5.5.6 Electric buses
Using electric buses (E-buses) in urban transit can 
reduce emissions of  GHG and urban air pollutants. 
E-buses include hybrid electric, fuel cell electric and 
battery electric models. Hybrid E-buses use both an 
ICE and an electric motor (EM) to provide power. 
Fuel cell technology provides an alternative method 
for the electrification of  buses. This is based on 
powering the EM with electricity generated from 
fossil fuels. Unlike the conventional ICE whereby fuel 
is burned to generate dynamic movement, the fuel cell 
technology generates electricity from fuel through an 
electrochemical process. This process converts the 
chemical energy stored in the fuel cells into electrical 
energy. Fuel cell technology could be configured 
to assist electric battery in a hybrid mode, or as the 
primary power source of  the electric engine.173

Battery Electric buses together with renewable/
clean energy source are considered to be the 
main solution to provide zero net emissions and 
various configuration of  range and charging time 
(opportunity and overnight). Hybrid buses can be 
seen as a stepping-stone to full electrification.174

5.6 Promoting The Use Of 
 Electric Vehicles 

Using EVs in cities has several advantages for 
urban air quality, as they do not produce any direct 

emissions. When emissions from energy production 
and distribution are considered, EVs still perform 
better in terms of  GHG emissions even if  the 
electric grid is highly powered by fossil fuel. This is 
because EVs have lower GHG emissions than fossil 
comparable vehicles up to a grid factor of  1.2 kg 
CO2/kWh.

The use of  EVs have the potential to achieve 
significant air quality benefits urban buses, trucks, 
diesel passenger cars, and 3W are replaced. In 
addition, EV also have significantly lower noise levels 
especially during the start and stop process, and at 
low speeds where engine noise dominates.

A focus on commercial EVs can maximise the 
emission reduction benefits. According to the ADB 
(2019), the impact on GHG reductions will be far 
higher by deploying commercial EV instead of  private 
units because of  higher fuel usage, higher mileage, 
and longer life span of  commercial vehicles. 

Replacing one urban diesel bus with an electric 
unit has the same impact as replacing 35 fossil fuel 
passenger cars or 300 motorcycles.175

In order to increase the deployment and maximise 
the emission reduction potential, the ADB (2019) 
recommends three key areas of  action: focus, 
optimise, and reward (see Table 17).

Table 17: Action to increase the deployment of EVs

Focus Cities A focus on EV used primarily in cities reduces the need for costly 
charging infrastructure and provides for the highest impact on air 
pollution as this is primarily a concern in urban areas. Charging 
infrastructure can be shared, for example, between buses, urban 
delivery trucks, and taxis. The focus on cities also complements the 
focus on high-mileage vehicles, with exception of long-haul buses 
and	trucks,	which	are	technically	more	difficult	to	electrify	with	only	
limited options currently available in the market.

Large Fleets A	focus	on	fleet	managers	and	on	large	fleets	allows	for	a	significant	
impact and reduces costs. Small number of EV will cause large 
infrastructure costs, and the experience with pilot deployments with 
small	fleets	is	that	purchase	and	maintenance	costs	are	very	high	
while vehicle availability rates are low. EV deployment might be 
more	effective	through	leasing	companies	and	vehicle	aggregators,	
especially in countries where transport service providers are small 
companies.

173 Mahmoud, M., Garnet, R. et al. (2016) Electric buses: a review of alternative powertrains. Renewable and Sustainable Energy Review, 62, 673-684.
174 Mahmoud et al. (2016) ibid. 
175  ADB (2019) ibid.
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High-mileage 
EV

High-usage vehicles will reduce GHG emissions and overall 
environmental	impact	while	the	financial	profitability	of	such	
EV is also better as the higher capital expenditure (CAPEx) is 
compensated quicker with lower operational costs because of high 
mileage. This means targeting buses, trucks, taxis, mobility-as-a-
service providers, car sharing, and rickshaws.

Optimise Charging 
options

Optimized	charging	infrastructure	and	vehicle	configuration	reduces	
the package cost and can cause renewable energy systems to be 
more attractive. Options include assessing the optimal mix between 
battery pack and charging type (slow, fast, ultra-fast), solar charging 
systems, and especially for small island states linking renewable 
grids with electric cars on a vehicle-to- grid base. The latter is 
possible with passenger cars as high-usage vehicles (like buses, 
trucks, and taxis) either operating or need to be charged, i.e., they 
only have a limited ability to back-up storage.

Battery policy Batteries can be a problem but can also be a solution. Second-
life options of EV batteries are potentially an interesting source of 
revenue.	Again,	this	is	much	easier	realized	with	large	fleets	which	
have a critical mass of batteries. Lead batteries, which are still often 
used in two- and three-wheeler EV, have a very limited life span 
and	recycling	them	is	often	related	with	significant	environmental	
and health impacts. Incentives for lead-powered EV should thus 
be phased out. At an early stage, battery recycling and re-use 
policies should be put in place, obliging vehicle vendors to take back 
batteries and use them in secondary applications (or recycle them). 
An up-front recycling charge could be lifted from on the sale of 
batteries, which feeds a recycling and re-usage fund.

Green Grid In countries with a grid factor over 0.8 kg CO2 e/kWh, greening the 
grid should be the priority. The impact of EV on GHG reduction will 
be	small	with	very	high	marginal	abatement	costs.	Starting	first	
with EV or greening the grid in parallel to promotion of EV is not 
considered	an	effective	strategy	as	grid	greening	takes	far	longer	
(because of the long-life span of energy production units) than the 
average life span of EV.

Incentivise Reduce fossil 
fuel subsidies

An	important	parameter	affecting	EV	profitability	is	fossil	fuel	price.	
Reducing fossil fuel subsidies and putting environmental taxes on 
fossil fuels will promote the shift towards EV and is fair as it follows 
the polluter-pays-principle. Public transport services are best 
subsidized through direct payments to operators based on operating 
criteria such as passenger-kilometres, number of passengers 
transported, or operational kilometres under a service contract and 
not through subsidising fuels.

Packages 
creatively

Incentives should be targeted toward vehicles with high impact and 
geared toward sustainable business models. Subsidizing public 
charging infrastructure in cities is a good start. Incentives are often 
too much targeted toward private vehicle owners with limited impact 
and a high cost. Linking subsidies to vehicle usage and mileage 
is	more	efficient.	Access	to	capital,	guarantee	schemes,	and	
nonfinancial	incentives	should	be	explored	next	to	traditional	up-
front	subsidies.	Nonfinancial	incentives	have	proven	to	be	effective	
(if	sufficiently	high)	but	are	very	costly.	Financial	subsidies	to	private	
EV	owners	should	be	fiscally	neutral	and	be	paid	by	fossil	fuel	car	
owners to avoid negative social impacts.

Non-financial Cities have multiple instruments at their disposal to promote EV, 
including unrestricted city access, preferential lanes and parking 
access, preferential access for electric logistics vehicles, preferential 
route assignments for electric bus or e-bus operators, and 
preferential licenses for electric mobility-as-service providers. Such 
incentives	can	turn	business	models	based	on	EV	fleets	profitable.	
For	motorcycles,	financial	incentives	have	proven	to	be	important	
but not decisive. Even if electric scooters or e-scooters have the 
same price tag as conventional motorcycles, customers will still 
be reluctant to purchase them because of issues on range, speed, 
power, and reliability. The operational costs of gasoline scooters are 
very low (less than $0.5 per day) and, with slightly lower operational 
costs	due	to	low	electricity	prices,	will	not	make	a	significant
difference.	The	core	nonfinancial	incentive	which	will	promote	
e-scooters is clearly to ban fossil fuel motorcycles from entering 
cities.	This	can	be	justified	based	on	air	and	noise	pollution	caused	
by fossil fuel units.

Source: ADB (2019)176

5.7 Challenge Of Electric 
 Vehicles Use

While EVs are being promoted to reduce GHG 
emissions and improve air quality, there are several 
negative impacts. Critics argue that the focus on EVs 
is misplaced as they promote the car as a default 
transport option ignore the potential of  other travel 
modes.177 While EVs may improve air quality, they do 
not reduce traffic danger or the potential pedestrian 
fatalities and injuries because of  EV traffic. It is 
therefore important that EVs are just one measure in 
an overall A-S-I approach to transport planning for 
low emission transport options. 

Indian cities face several challenges in the transition 
to EV:178

• Financing - considerable investment in need to 
move to E-buses

• Charging infrastructure - extensive EV network 
of  charging networks will be needed. For 
example, by 2030 it is estimated New Delhi 
would need around 300,000 high-speed charging 
stations assumption a 30% EV penetration of  its 
10 million vehicle population.179

• Power availability–additional power from existing 
grid will be needed for E-mobility, placing a 
greater burden on Indian’s current energy grid 
system. 

• E-waste management–end-of-life battery 
wastes comprise toxic chemicals (e.g., lithium, 
magnesium oxide and nickel) which many cities 
cannot handle. 

• Road quality–EVs can weigh more than 
conventional cars because of  the battery pack and 
as a result Indian road will need to be improved 
to support this additional weight (e.g., Buses and 
trucks). 

176 ADB (2019) ibid.
177 Whitelegg, J. (2020) Electric vehicles will not deliver net zero carbon targets.
 Available online: https://integratedtransport.co.uk/electric-vehicles-will-not-deliver-net-zero-carbon-targets
178 Ramanath, J. (2021) Preparing Indian Cities for a Shift to E-Mobility,” ORF Issue Brief No. 458, April 2021, Observer Research Foundation. 
 Available online: https://www.orfonline.org/wp-content/uploads/2021/04/ORF_IssueBrief_458_E-Mobility.pdf
179 FE Bureau, Financial Express (2018) Charging ahead: Getting Indian cities electric vehicle ready, 29 June 2018
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Key Messages
• Improve in the A-S-I Approach focuses 

on improving vehicle and fuel efficiency. 
It aims to increase the energy efficiency 
of  different transport modes and related 
vehicle technology to ensure future 
vehicles are clean and efficient.

• Improve measures include new vehicle 
technologies, vehicle performance 
standards, fiscal mechanisms, low carbon 
and alternative fuels, financial subsidies 
for advanced vehicle technologies and 
fleet scrappage programmes. 

• Stricter vehicle emission standards and 
fuel quality standards can improve the fuel 
efficiency of  vehicles and reduce polluting 
tail-pipe emissions.

• Electric vehicles (e.g., electric two-and 
three-wheelers, cars, buses, heavy goods 
vehicles) have a major role to play in 
decarbonising transport in India. 

• The benefits of  electric vehicles include 
zero tailpipe emissions, better efficiency 
than internal combustion engine vehicles 
and enormous potential for greenhouse 
gas reductions when coupled with a low-
carbon electricity sector. 

• Electric two- and three-wheelers are a 
priority in order to transition to electric 
mobility. 

• Electric vehicles do not reduce traffic 
danger potential pedestrian fatalities and 
injuries and can produce electric waste 
and non-exhaust particulate emissions 
from brakes and tyres. 

• Electric vehicles are one component of  
an overall A-S-I approach to promote low 
emission mobility. 

6. Implementation 

Traditional transport planning approaches have 
focused on the car and expanding transport 
infrastructure to meet increasing demand for greater 
car use. This ‘predict and provide’ approach involves 
estimating future car use based on passed trends and 
calculating the infrastructure requirements needed to 
accommodate further growth.180

In contrast, sustainable urban mobility focuses on 
low emission modes such as walking, cycling and 
public transport.  Achieving a more sustainable urban 
mobility requires the planning process to focus on 
the improvement of  accessibility, quality of  life for 
all stakeholder groups. Table 18 summaries the key 
differences between traditional transport planning and 
sustainable urban mobility planning. 

Table	18:	The	differences	between	traditional	transport	and	sustainable	urban	mobility	planning

Traditional Transport Planning Sustainable Urban Mobility Planning

Traffic	Focus People Focus

Primary	objectives	are	to	address	traffic	flow,	
capacity and speed

Primary objectives are to improve accessibility, 
quality of life, sustainability, economic viability, 
social equity, health and environmental quality

Focus on articular transport modes Balanced development of all relevant transport 
modes and shift towards clear and more 
sustainable transport modes

Spatial Planning document Sectorial planning document that is consistent 
and complementary to related policy areas (e.g., 
land us and spatial planning, social services, 
health, enforcement and policing, etc.)

Short- and medium-term delivery Shor-t and medium-term delivery embedded in a 
long-term vision and strategy

180	 GIZ	(2014)	ibid.
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Traditional Transport Planning Sustainable Urban Mobility Planning

Related to an administrative area Related to a function area based on travel to 
work patterns

Domain	on	traffic	engineers Interdisciplinary planning teams

Planning by experts Planning with the involvement of stakeholders 
using a transparent and participatory approach

Limited impact assessment Regular monitoring and evaluation of impacts 
to inform structured leaning and improvement 
process

181 Rupprecht Consult (2014) Guidelines: Developing and implementing a sustainable urban mobility Plan, European Commission, Brussels, Belgium. 
	 Available	online:	https://www.eltis.org/sites/default/files/guidelines-developing-and-implementing-a-sump_final_web_jan2014b.pdf
182	 TUMI	(2019)	Sustainable	Urban	Transport:	Avoid-Shift-Improve	(A-S-I)	GIZ,	Eschborn,	Germany.
 Available online: https://www.transformative-mobility.org/assets/publications/ASI_TUMI_SUTP_iNUA_No-9_April-2019.pdf

Source: Rupprecht Consult (2014)181

The A-S-I Approach provides a holistic approach to sustainable urban mobility and offers several socio-
economic benefits which can improve quality of  life in cities (see Figure 15). The Approach can contribute to 
reducing transport emissions, improving air quality and mitigating and adapting to climate change.

Figure	15:	The	benefits	of	sustainable	mobility Source: TUMI (2019)182

6.1 European Sustainable 
 Urban Mobility Plans 

One way of  implement an A-S-I approach is the 
development of  the Sustainable Urban Mobility 
Plans (SUMPs). SUMPs have been promoted by the 

European Commission as a new planning concept to 
address transport-related challenges and problems of  
urban areas in a more sustainable and integrative way 
via the Action Plan on Urban Mobility.

A SUMP is a strategic plan designed to satisfy the 
mobility needs of  people and businesses in cities 

and their surroundings for a better quality of  life. It 
builds on existing planning practices and can consider 
integration, participation, and evaluation principles.

A SUMP can integrate air pollution issues into the 
transport sector. In the EU, SUMPs have been used 
to improve accessibility in urban areas while providing 
high quality and sustainable urban mobility and 
transport to meet the needs of  a ‘functioning city’ 
rather than a municipal administrative region.

SUMPs have been able to address several objectives 
(e.g., reduced air pollution, improved safety and 
quality of  life, and economic growth while engaging 
citizens and changing the planning process. For 
example, large transport infrastructure schemes often 
provide lower value for money while smaller local 

schemes (e.g., traffic calming, local roads and cycle 
ways) can generate more jobs.

SUMPs are developed in cooperation with citizens 
and other stakeholders across different policy areas 
and sectors, and across different levels of  government 
and administrations They include measures such 
as integrated planning, urban logistics, collective 
transport, clean fuel and vehicles, intelligent transport 
systems, safety and security and mobility demand 
management. All these contribute to an integrated 
transport system, which improves quality of  life and 
wellbeing.

Figure 16 presents the twelve steps of  sustainable 
urban mobility planning.

Figure 16: The twelve Steps of Sustainable Urban Mobility Planning Source: Rupprecht Consult (2019)183

183 Rupprecht Consult (editor) (2020) Decision makers summary for Developing and Implementing a Sustainable Urban Mobility Plan. 
	 Available	online:	https://www.eltis.org/sites/default/files/sump_decision_makers_summary_interactive_high.pdf
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184 Ramanath, J. (2021) Preparing Indian Cities for a Shift to E-Mobility,” ORF Issue Brief No. 458, April 2021, Observer Research Foundation. 
 Available online: https://www.orfonline.org/wp-content/uploads/2021/04/ORF_IssueBrief_458_E-Mobility.pdf
185 Ministry of Urban Development (2014) Toolkit for Comprehensive Plan Revised (2014). Government of India, New Delhi, India.

6.2 Indian Comprehensive 
 Mobility Plans 

In India, the Comprehensive Mobility Plan (CMP) has 
similar features to the SUMP. CMPs outline a long-
term vision for accessibility and mobility pattern for 
people and goods in cities. It focuses on the mobility 
of  people to address urban transport problems and 
promote better use of  existing infrastructure (i.e., 
improvement of  public transport, pedestrian and 
NMT facilities). This allows greater integration of  
land use and transport development and is essential to 
building smart cities.

The CMP should be linked to important plans and 
studies that need to be referred to when a CMP is 
prepared. For example: City Development Plans 
(CDPs), Master Plans and Comprehensive Traffic and 
Transportation Studies (CTTS) if  available.

Several Indian many cities have prepared CMPs, 
either independently or with the help of  the 
central government. CMPs have been by prepared 
independently by Mumbai and Pune in Maharashtra, 
while Tumkur, Davanagere, Shimoga, Mangalore, 
Mysuru, Belgaum, Bellary, Gulbarga, Hubli-Dharwar, 
Bidar, Chitradurga, Bijapur, Hospet and Raichur 
in Karnataka, and Amritsar, Bhatinda, Jalandhar, 
Pathankot and Patiala in Punjab have done it with 
central government support.184

The scope of  the CMP includes the following six key 
tasks:185

1. Defining Scope of  the CMP (planning area, 
planning horizon, work plan and vision)

2. Data Collection and Analysis of  the Existing 
Urban Transport Environment (socio-economic 
profile and trends over a period of  time, land 
area, administrative boundaries, regional linkages, 
demography and socio- economic characteristics). 

3. Development of  BAU Scenario (presents 
the future based on the continuation of  past 
trends and is often used as a reference point for 
assessing the need for policy interventions)

4. Development of  Sustainable Urban Transport 
Scenarios

5. Development of  Urban Mobility Plan
6. Preparation of  the Implementation Programme.

Key Messages
• Traditional transport planning approaches have focused on meeting the demand for greater car use 

by expanding road infrastructure. 
• Improvements in accessibility and low emission mobility is needed to improve urban air quality, 

reduce greenhouse gas emissions and achieve liveable cities. 
• The A-S-I Approach provides a holistic approach to sustainable urban mobility and offers several 

socio-economic benefits that can improve quality of  life in cities.
• In Europe, the Sustainable Urban Mobility Plan is being used to  address transport-related 

challenges and problems of  urban areas in a more sustainable and integrative way via the Action 
Plan on Urban Mobility.

• In India, the Comprehensive Mobility Plan outlines a long-term vision for accessibility and mobility 
pattern for people and goods in cities.

• The A-S-I approach can contribute to the development of  an urban mobility plans by providing a 
framework to develop an adequate, safe, environmentally friendly, affordable, fair, comfortable, and 
efficient integrated transport.

The A-S-I approach can contribute to the development of  an urban mobility plan by providing a framework 
to develop an adequate, safe, environmentally friendly, affordable, fair, comfortable, and efficient integrated 
transport.
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