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Preface

The transport sector has become one of the major sources of both local and global emissions. Today, around a quarter of
global CO: emissions come from the transport sector. Of this, nearly 80% are from the road transport sector alone. An overall

increase in GDP and incomes is driving demand for increased mobility and comfort in almost all countries.

While the global impacts from transport emissions may not be perceived in the short term, the local impacts of these emis-
sions, including noise pollution, particularly on residents living in crowded urban settings, are perceived, almost instanta-
neously. These emissions, both air and noise pollution, have severe impacts on human health such as respiratory diseases

(due to high levels of pollutants) and stress (due to high noise levels).

Despite this growing crisis, not enough has been done to curb urban transport emissions. Yet, a range of policy measures
and instruments are available, meaning that rapid change is possible with concerted effort. This Sourcebook aims to create
awareness about the negative impacts of energy inefficient, highly polluting, and unsustainable urban transport systems,
among Urban Mayors, decision-makers, practitioners, and municipality representatives in small, medium, and large cities in
developing countries. More importantly, the Sourcebook also presents in an accessible format, the available policy measures,
which in many cases are low-cost measures, that can be embraced to tackle the challenge of shifting to sustainable urban

transport systems.

In short, our objective with this Sourcebook is to support relevant stakeholders to make progress towards SDG 11, and in
particular, target 11.2 which is to “provide access to safe, affordable, accessible, and sustainable transport systems for all,
improving road safety, notably by expanding public transport, with special attention to the needs of those in vulnerable

situations, women, children, persons with disabilities and older persons”.

Gabriela Prata Dias

Copenhagen Climate Centre
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Introduction

Rationale

The rapid urbanisation and economic growth that has oc-
curred in many developing countries during the last decades
has led to, among other things, a steadily increasing demand
for comfort and mobility. This has led to increased congestion
and levels of both local and global emissions. The situation has
been exacerbated by old and energy-inefficient vehicles (both
private and public), and the existence of policies favouring
private transport instead of public transport and non-moto-

rised transport (NMT), such as biking and walking.

There exist various cost-effective policy measures, that can be eas-
ily implemented to curb this development, yet these have not been
fully or consistently utilised in most non-OECD countries. One
of the likely reasons is the existence of several barriers such as the
lack of political will, which to some extent reflects the generally
low levels of awareness about the negative impacts that unsus-
tainable transport systems pose on the environment and society.
Further, there is a general lack of understanding about the social,
economic, and environmental benefits of more energy-efficient,
sustainable, and equitable urban transport systems. Another likely
reason is the lack of knowledge about the policy measures, often
tried and tested elsewhere, that can be implemented to achieve
more sustainable and equitable urban transport. Reversing this
trend requires increased awareness among politicians and deci-
sion-makers at the national and city level and strengthened ca-

pacities to assess and implement the available policy measures.

Against this background, we see the need to raise awareness
and strengthen the necessary capacity among city mayors, de-
cision-makers, practitioners, as well as municipality representa-
tives in developing countries to enable the implementation of
the necessary policy measures. As such, this Sourcebook is an
attempt to guide these stakeholders to select relevant policy mea-
sures, to enable the widespread uptake of more energy-efficient,

sustainable, and equitable urban transport systems in their cities.

The relevance and appropriateness of policy measures may vary
depending on local circumstances, such as the size of the city,
existing transport infrastructure, and current and future de-
mand for transport, amongst others. As an overall policy goal,
greater energy efficiency (EE) will help reduce fuel consump-
tion and both local and global emissions, thus delivering a range
of social and environmental co-benefits. Promoting and facili-
tating a switch from private vehicles to non-motorised (NMT)
transport is another cost-effective policy measure. There is a
range of economic incentives/disincentives available to poli-

cymakers, introduced in many countries with positive results.

Objective

This Sourcebook was developed by the Centre on Energy Effi-
ciency (C2E2) under the United Nations Environment Program
Copenhagen Climate Centre (UNEP-CCC) with a twofold ob-
jective in mind. Firstly, to raise awareness about the negative
impacts of unsustainable, inefficient, and inequitable urban
transport systems among city majors, policymakers and deci-
sion-makers, transport authorities, municipality representatives
and their advisors in small, medium, and large-sized cities in de-
veloping countries. Secondly; to guide the stakeholders to design

and implement more sustainable urban transport in their cities.

Scope

The Sourcebook focuses on the various policy measures that
can be implemented to make road transport in urban areas
more sustainable and equitable. Although the policy measures
suggested in this Sourcebook are primarily intended for im-
plementation in cities in developing countries, they are, de-
pending on the local circumstances, also applicable to cities in
developed countries. Before going in-depth into the suggested
policy measures, the Sourcebook describes the current situ-
ation for urban transport in many cities around the world. It
presents some definitions of sustainable and equitable trans-
port, the benefits of sustainable and equitable urban trans-
port, as well as the negative impacts (both local and global) of

unsustainable and inequitable urban transport.

Audience

The Sourcebook is intended for city mayors, decision-makers,
practitioners, as well as municipality representatives and other
related stakeholders in small, medium, and large-sized cities in
developing countries interested in improving current transport
systems in their cities by making them sustainable and equita-
ble, reducing local and global emissions at the same time. The
Sourcebook is designed to be simple and as short as possible,

divided into modules that can be understood in separation.

How to use the Sourcehook

Although the modules of the Sourcebook can be used inde-
pendently of one another depending on the user s needs, it is
recommended that the Sourcebook is read sequentially and
in its entirety. This is because the Sourcebook has been devel-
oped and structured cohesively, with modules linked to each
other. Going through the whole Sourcebook will allow the
reader to understand the potential policies and policy mea-

sures available, and what is required for them to be successful.



Content and Structure

The Sourcebook is composed of nine (9) modules as follows:

Module 1 sets the context and provides the basis for a better un-

derstanding of what sustainable and equitable transport means.

Module 2 presents in detail several technical options that in

some cases may be capital intensive.

Module 3 presents several non-technical options that could be

implemented at a very low cost.

Module 4 provides a general overview of the barriers encoun-
tered when trying to implement (technical and non-technical)

solutions and policies applicable to urban transport.

Below is a more detailed description of the content of each of

the modules.

Module 1. This module sets the context by briefly describ-
ing the current situation characterising the urban transport
sector, in terms of emissions and impacts. Having a clear
and common understanding among city mayors, municipal-
ity representatives, and their advisors about sustainable and
equitable transport is crucial when assessing potential policy
measures. The module provides the basis for a better under-
standing of what sustainable and equitable transport means. It
also discusses how it can be achieved by briefly introducing a
series of technical and non-technical options, which depend-
ing on the prevailing conditions of the city, could be chosen,

and implemented in small, medium or/and large-sized cities.

Module 2. This module presents several well-accepted techni-
cal options that could help transform urban transport sectors to
become more energy-efficient, equitable and sustainable. Some
of these options are more applicable to small-sized cities while
others are more applicable to medium and large-sized cities.
The module gives a general overview of how these options per-
form in terms of mitigation potential, relative to a base case tech-
nology and the co-benefits they can deliver. Finally, the module
presents the policy options available at the national and city level
that can be used to promote these technical options, considering

the barriers they may face, in particular financing.

Module 5 introduces different business models (BMs), finan-

cial instruments, and risk-sharing mechanisms.

Module 6 discusses methods and policies that make transport

more energy efficient by managing transport demand.

Module 7 discusses the availability of big data sources and how

these can be used for planning energy-efficient transport.
Module 8 briefly introduces two widely used approaches to
assessing the social and environmental costs and benefits of

sustainable transport options.

Module 9 discusses training needs for implementing efficient

energy transport in a developing country context.




Module 3. This module presents several non-technical and
low-cost options that could contribute to a more energy-effi-
cient, equitable, and sustainable urban transport sector. The
module is, therefore, more applicable to small and medi-
um-sized cities. The module provides the policy options that

can be used to promote these non-technical options.

Module 4. The various technical and non-technical options
suggested in modules 2 and 3 will face, most likely, several
barriers which may hinder their implementation. Module 4
therefore provides a general overview of the most common
barriers encountered when implementing policy measures
through technical and non-technical solutions to achieve
more energy-efficient, equitable, and sustainable urban trans-
port. The module suggests a four-step process for the identi-
fication and analysis of the barriers. It furthermore discusses
how to design potential measures to remove these barriers. It
is recommended to involve all relevant stakeholders through-
out the policy design process, from the very beginning to se-

cure both expert insights and stakeholder buy-in.

Module 5. As discussed in Module 4, a lack of economic re-
sources is one of the key barriers to achieving more environ-
mentally friendly urban transportation systems. Therefore,
this module presents examples of business models (BMs) and
financial instruments (FIs) required to enable more sustainable

urban transport systems to be turned into bankable projects.
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Module 6. discusses methods to manage demand for urban
transport.This includes methods that can be used for popu-
lation projection in the context of sprawling cities, integrated
approaches to green and energy-efficient transport, and how
urban planning and investments in transport infrastructure
can lead to improved demand for energy-efficient transport
modes. Thus, this module discusses methods that encourage
modal shift from cars to more environmentally friendly modes
and to reduce overall vehicular transport. Moreover, the mod-
ule elaborates on how to integrate green transport with other

urban systems, climate change and sustainable development.

Module 7. Discusses the availability of big data sources and

how these can be used for planning energy-efficient transport.

Module 8. The different options, both technical and non-tech-
nical covered in modules 3 and 4, will be difficult to imple-
ment if we only look at the financial returns. However, the
options are widely acknowledged to have substantial mitiga-
tion benefits and other social, economic, and environmental
co-benefits. Therefore, this module briefly introduces Cost
Benefit Analysis (CBA) and Multi-Criteria Decision Analy-
sis (MCDA) tools, which are commonly used to quantify the
benefits of specific technology options, prioritise, and select

these in a rational and objective manner.

Module 9. This final module synthesises the content of the
previous modules to develop a model training program,
keeping in mind the present and future skills and knowledge

requirements for energy-efficient and sustainable transport.

C&mpaign Creators, Unsplé®




Module 1. Sustainable and Equitable Urban Transport:
context, definitions, and the impacts of unsustainable

transport

1.1 SETTING THE CONTEXT

Transport is not only about negative externalities; societies
need to function by providing several necessary services, trans-
port being one of them. It makes possible the movement of
people and goods, which is fundamental for life. Transport al-
lows people to access health care, education, culture, and other
amenities. Freight transport moves goods necessary for living
and makes them accessible to consumers. However, for the
transport sector to continue to provide these services in a way
that is not harmful to the environment and societies, it must be-
come environmentally friendlier, sustainable, and equitable. A
sustainable and equitable transport sector will also make cities,

particularly urban areas, more liveable.

Unfortunately, in many urbanised cities around the world, and
in particular cities in developing countries, the road transport
sector is associated instead with severe congestion (due to a
large number of private vehicles, taxis, and buses), and high
levels of air pollution (due to old, fuel-inefficient, and highly
polluting vehicles). This has given rise to levels of local emis-
sions such as particulate matter (PM), nitrogen oxides (NOx)

and sulphur oxides (SOx) that often surpass the recommended

standards. To a large extent, this can be attributed to policies
that have favoured private motorisation instead of public and

non-motorised transport (NMT).

According to the 2021 World Energy Outlook (WEO), the
transport sector has had the fastest growth in CO:z emissions
of any sector during the last few years [1]. Of the total emis-
sions from the transport sector, nearly 80% come from the road
transport sector alone [2]. Figure 1.1 shows the CO2 transport
emissions trend during the last decade. Here we can observe a
steady, although non-drastic, increase between 2010 and 2019,
in both total and road transport emissions. The marked decline
from the beginning of 2020 can be explained by the Covid-19
pandemic, during which economic activity was slowed down
significantly, which led in turn to reduced demand for transport
(both passenger and freight) and, therefore, reductions in the
level of emissions. Nevertheless, although there is not much
data available yet for 2021, there are reasons to believe the eco-
nomic stimulus introduced by many countries led to economic
recovery. This boosted in turn the demand for transport, and
thereby, the levels of both global and local emissions have likely

rebounded to pre-pandemic levels.

Figure 1.1 CO2z emissions transport sector (total and road), 2010 -2020.

8000
6000 ——
N
o
© 4000
=
2000
0
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Year

e CO2 emissions transport total

Source: compiled by the author using data from ENERDATA.
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At the same time, the road transport sector offers significant
potential for improvement through the implementation of a
series of policy measures that could significantly contribute to
achieving a more sustainable and equitable transport sector.
In this context, we believe the distinction between a policy
and a policy measure is needed. In this Sourcebook, we define
a policy measure as the instrument or means used to achieve
the objective of a specific policy (e.g., a more sustainable and
equitable transport sector, reduction of emissions, behavioural
change). For example, introducing an incentive/disincentive
or implementing a campaign to promote a shift from private
vehicles to public or NMT are all policy measures. Another
example of a policy measure that can be implemented is the
use of demand-side management; for example, promoting the
ASI approach (avoid, shift, and improve), leading to changed
behaviour among car owners. Where avoid refers to the pos-
sibility of avoiding the travel or reduce the distance of the
travel, shift refers to the possibility of shifting, for example,
from private car towards more friendly modes like non-mo-
torised transport (walking and biking), and improve refers to
the possibility of improving, for example, the fuel efficiency

or/and the technology of the transport mode [3].

Policy measures do not need to be very capital intensive; they
can be low cost and still generate significant benefits. Since cap-
ital-intensive investments are not always affordable, particularly
not in developing countries, most of the policy measures sug-
gested in this Sourcebook are low-cost measures, but that still
may have significant positive impacts. For instance, improved
fuel efficiency is considered one of the most cost-effective pol-
icy measures to decrease fuel consumption and thereby, emis-
sions from road transport. Technically speaking, fuel efficiency
refers to the distance a vehicle can travel with a certain amount
of fuel (i.e., kilometres per litre). Thus, improving fuel efficiency
means travelling the same distance with less amount of fuel or

a longer distance with the same amount of fuel.

Significant fuel consumption and emissions reductions can be
achieved through several fuel-efficiency improvement mea-
sures. These can be technical or non-technical or a combina-
tion of the two. Concerning technical measures resulting from
fuel efficiency improvements, it is important to consider and
mitigate the risk of car drivers eventually driving more. This is
because the fuel savings generated by more efficient vehicles, or
due to a change towards an environmentally friendlier driving
style, (e.g., eco-driving), may encourage drivers to travel more
often or for longer distances; something known as "the rebound
effect”. Therefore, it is advised to design and implement oth-
er supplementary policy measures that can be implemented

in parallel. Some examples could be public awareness-raising

campaigns aimed at influencing car drivers to change their be-
haviour, the promotion of public transport use and non-mo-
torised transport (NMT) like biking and walking, and pricing

policies such as congestion charges and parking charges.

Technical policy measures could be, for example, the use
of more fuel-efficient engines in vehicles, the installation of
smart devices in vehicles that can guide the driver to a more
friendly and thereby efficient driving style, the use of low-re-

sistant tyres, and other similar measures.

Non-technical policy measures could be implemented through
economic and non-economic incentives/disincentives such as fu-
el-pricing policies, toll roads and others. Another way of achieving
reductions in fuel consumption is through improved driving tech-
niques, which can be acquired in training courses like eco-driv-
ing. Eco-driving leads to friendlier and more relaxed driving, thus

leading to lower fuel consumption and fewer traffic accidents.

However, despite the considerable potential the road trans-
port sector represents in terms of emissions reductions, and
in terms of becoming an environmentally friendlier and more
sustainable sector, not enough has been done to exploit this
potential. One likely reason for this inaction is the existence of
several barriers that are, in one way or another, hindering the
implementation of the required policy measures. These barri-
ers can be divided into market, financial and technical. Market
barriers are normally associated with weak existing regulatory
frameworks, or simply the lack of them. Financial barriers can
be in the form of limited budgets and high capital investment
costs (depending on the policy measure). Technical barriers
can be present in a lack of capacity among transport authori-
ties, either at the city or municipality level, and a lack of famil-

iarity with the available technical policy measures.

Another common barrier is the lack of political will among
politicians and decision-makers; this is often due to a lack of
awareness about the negative impacts unsustainable transport
systems pose on the environment and society. To change this
attitude among politicians, awareness-raising activities (e.g.,

information and dissemination campaigns) are needed.

In this context, it is also important to mention that the appropri-
ateness of the policy measure/s to be implemented may vary de-
pending on several local circumstances such as the size of the city,
existing transport infrastructure, culture, and current and future
expected demand for transport, amongst others. All these factors
should be considered before deciding which policy measure is to
be implemented. The absence of a thorough analysis regarding
prevailing local conditions may jeopardise the expected outcome

of a policy measure, or not deliver the expected result in full.



1.2 DEFINING SUSTAINABLE TRANSPORT

The definition of sustainable transport and how it is under-
stood among politicians, policymakers, practitioners, and
other transport sector stakeholders becomes crucial. Several
definitions have been used in the transport policy literature,
and it is difficult to choose one. However, one relevant defini-
tion of sustainable transport is the one given by Richardson as
"one in which fuel consumption, emissions, safety, congestion,
and social and economic access are of such levels that they can
be sustained into the indefinite future without causing great or
irreparable harm to future generations of people throughout
the world" [4]. Complementing this, Rassafi and Vaziri state
that "sustainable development with special focus on transpor-
tation can be measured by the degree of conformity between
environment, economy, and social aspects on one hand, and
transportation on the other hand" [5]. Another definition of
sustainable transport is: “The goal of sustainable transporta-
tion is to ensure that environment, social and economic con-
siderations are factored into decisions affecting transportation
activity” [6]. We believe the first definition mentioned here
makes a lot of sense, and it is also very much in line with what
we understand as sustainable transport, and what a transport

system should strive to achieve.

Thus, the definition of sustainable transport embraces sev-
eral elements that together, as indicators, can show the de-
gree of sustainability a transport system has or whether it is
sustainable or not. Fuel efficiency is one of those elements,
and improvements in fuel efficiency will contribute to a more
sustainable transport system by reducing the amount of fuel

used and, by extension, emissions levels.

Road and vehicle safety is another element, which as an indi-
cator tells us how sustainable an urban transport system is. In
this context, safety is associated with how safe passengers in
private vehicles, public transport such as buses and taxis, as
well as users of NMT, perceive the safety and quality of the in-
frastructure provided. For instance, in many countries, safety
is an issue, especially for women who often experience harass-
ment by other passengers or when walking to public transport
access points, which in some cases are too distant for users,
often require walking in the dark. Another aspect associated
with the sustainability and equity of the transport sector is re-
liability. This is an important factor for many public transport
users who have to plan and schedule their activities, relying on

public transport systems that are often not punctual.

1.3 DEFINING EQUITABLE TRANSPORT

Transport equity can be defined as a situation where a partic-
ular mode of travel is safe, reliable, and improves mobility and
accessibility, enabling all people to participate in socio-eco-
nomic life. The process should lead to land use and transport
systems that enable or improve health and wellbeing, envi-
ronmental sustainability, and equitable access to resources,
including workplaces and other amenities. Therefore, it also
means that transport decisions are made with deep and mean-
ingful community inputs and an understanding of the needs

of different segments of the population.

To achieve equity, consultants, researchers, advocates, and
governments must acknowledge and understand what equity
is and, second, work to incorporate it into the internal struc-
ture of decision making in governments and relevant organ-
isations. Specific proposals must ensure that the needs and
concerns of disadvantaged groups are recognised by including
such groups throughout the entirety of the plan, project, or
policy-making process. In other words, we must work both
internally and externally to ensure equity considerations are

incorporated into transport policy decision making.

When considering transport equity, due regard for vulnerable
groups is very important, especially the elderly, women, and
children. Often, the provision of mobility infrastructure and
the situation of the elderly has restricted their mobility to the
extent that many prefer not to travel, pushing the elderly to-
wards living a life dependent on others. However, changing
social structures often force these same groups to live an in-
dependent life, thus compromising their well-being. Systemic
support and mobility options must be provided so that the
elderly and disadvantaged can move freely [7]. As cities con-
tinue to grow and (in many places) their economies continue
to develop, levels of congestion and land prices are likely to
rise, potentially exacerbating the social exclusion of the urban
poor. High land prices force the urban poor to either squat
in the inner parts of the city or live in areas with low land
and property prices, mostly located in the peripheral areas.
Low-income dwellers in cities typically experience high levels
of social exclusion. They are forced into long daily commutes
to and from low-paying jobs on overcrowded public trans-
port systems, for which fares continue to rise and are thus left
with insufficient mobility choices, as walking and cycling are
generally not an option for those trips. Thus, the debate on
where the urban poor reside and how they can access their
workplaces using public transport modes is central to a more

sustainable future for cities in the developing world [8].



Therefore, plans and projects should be prioritised in areas
home to the most disadvantaged and shaped to consider their
needs and concerns. When it comes to cycling, for example,
recent academic and non-academic literature, such as insti-
tutional reports, shows that concerns and barriers include
physical safety, such as the presence and quality of public
transport, pedestrian and cycling infrastructure; personal
security, such as real or perceived concerns about crime and
other threats. This may include concerns about personal safe-
ty; racism; policing and harassment; and fear of displacement

from gentrification affiliated with cycling investments.

The space needed by various urban passenger transport
modes varies greatly depending on the size and the speed
of vehicles. For equity of transport, sufficient infrastructure
must be provided for modes that are used by the vulnerable
segment of the population. Past studies have shown that pub-
lic transport (PT) and non-motorised transport (NMT) can
be up to 20 times more space-efficient compared to a typical
car. However, the proportion of road space and overall space
allocated to these modes is significantly less than the space

allocated for cars and other personal vehicles.

Transport planning scenarios developed for the Low-carbon
Comprehensive Mobility Plan (LCMP) prepared for the city
of Rajkot in India are used to demonstrate the method. The
indicators show that significantly less space is used by transport
in a scenario that promotes higher use of PT and NMT modes,
in comparison to the business-as-usual scenario. This provides
evidence to alleviate chronic congestion expected from a car-

and motorcycle-based transport development [9], [10].

Spatial equity is also a matter of concern. A significant indicator
of marginalisation in Indian cities is the mismatch between infra-
structure demand and supply. Accessibility studies have demon-
strated how different areas within the same city enjoy variable
amounts of accessibility to social infrastructures like schools and
parks. Core areas of cities in developing countries, such as India,
generally enjoy good levels of accessibility, while newly develop-
ing peripheral areas suffer most from the lack of adequate social
infrastructure. Planning processes have failed to keep pace with
market-led development. Sub-optimal levels of accessibility to
social infrastructure can negatively affect human development,
leading to increased marginalisation of communities. Land use
plans should be such that there is a more equitable distribution of
social infrastructure by preparing local accessibility plans using
participatory methods [11], [12], [13].

1.4 THE SOCIAL, ECONOMIC, AND ENVIRONMENTAL
IMPACTS OF UNSUSTAINABLE TRANSPORT

As mentioned above, the transport sector provides several benefits
to society by making it possible for people to have access to vari-
ous amenities and for food products and goods to be moved from
one place to the other, eventually reaching consumers. However, if
the transport sector is not sustainable and environmentally sound,
it gives rise also to several negative externalities. For instance, road
transport emissions can be divided into social (including public

health), economic, and environmental (both local and global).

At the global level, the negative impacts, particularly those
caused by steadily increasing levels of CO2 emissions released
into the atmosphere, are well known. For example, the in-
creased average global temperature is having detrimental
consequences such as melting glaciers, increased frequency of
extreme events like droughts, flooding, and forest fires, some
of which have been taking place in Australia and the USA, as
well as in Europe during the last years. All these impacts are,
most likely, irreversible. Increased levels of CO2 emissions are
also having direct and immediate impacts on the local envi-
ronment. For example, the increased frequency of flooding
has huge impacts on the local environment by severely affect-

ing houses and in many cases, destroying them.

At thelocal level, negative externalities take the form of deterio-
rated urban settlements like buildings, parks, and monuments.
However, the most significant externalities are the negative
impacts on public health, particularly on the most vulnerable,
children and the elderly. For instance, air pollutants like par-
ticulate matter (PM), especially if they are of enough small size
(10pg or smaller) to bypass the respiratory system's own mu-
cus filtering and penetrate the lungs. They may slow the ciliary
function inhibiting the removal of harmful substances in the

mucous flow, causing illnesses such as bronchitis.

In a similar way, pollutants like nitrogen oxides (NOx) can af-
fect the respiratory tract, where nitrogen dioxides (NO2) are one
of the most toxic pollutants. For example, one of the immediate
symptoms, which can be observed at concentrations of around
0.5ppm NO2, is increased airway resistance. Intense exposure to
NO2 decreases gaseous exchanges in the blood and increases re-
spiratory symptoms leading to lower lung function [14]. Sulphur
oxides (SOx) are formed when sulphur is burnt to affect the respi-
ratory system and can be of severe concern in inner-city areas. The
well-known ‘pea soup’ episode in London in December 1952 is

one example of extremely high levels of SOx and PM (Figure 1.2).



All these negative externalities, whether they have an im-
pact at the global level or at the local level (in both urban and
rural areas), are also associated with economic implications.
Climate change is already imposing considerable costs on societies
due to necessary adaptation measures because of increased sea lev-
el, increased temperature and extreme events, and loss of income
due to the productivity deterioration, leading to lower agricultural
crop yields. Estimating the real long-term costs is difficult to cal-
culate with certainty, though the impacts are incontrovertible and
will result in higher public health costs and productivity losses.

Figure 1.2 London Smog

Unseen histories, Unsplash

Even today, extremely high concentrations of these pollutants
can be found in several megacities worldwide, including Mex-
ico City, Delhi, and Beijing. High levels of air pollutants also

pose serious negative impacts on small and medium-sized

cities, where the largest urban growth is expected to occur in
the coming decades. The negative health impacts of these pol-
lutants at high concentrations in inner cities may be worsened
by local prevailing geographical conditions, e.g., cities located
in a valley surrounded by mountains or other climatological
conditions such as anticyclonic conditions and the occurrence
of inversions during winter. Inversions are an atmospheric
phenomenon that occurs when cold air, which sits closer to
the ground than warmer air, traps air pollutants at low air

layers, with the well-known consequences for human health.

Air pollution from road transport has a direct impact on human
health, including premature death. The release of air pollutants
like the ones already mentioned in inner-city areas, besides the se-
vere impacts these pose on human health, also contributes to the
deterioration of buildings, monuments, and the depletion of ma-
terials. Combined, these impacts directly affect the economy due
to increased expenditures on health care, loss of life (due to pre-

mature death), and the restoration of buildings and monuments.

At the global level, the increased level of CO2 emissions is caus-
ing severe impacts on the climate with consequences such as in-
creased extreme weather events, higher temperatures, melting
glaciers, and increased sea levels. Figure 1.3 shows the relation-
ships between increased road transportation due to increased
economic activity and its impacts on the environment (both
local and global). Many of these impacts are already taking
place in several countries, with the poorest countries being the
most affected. For instance, low-lying countries and small is-
land states are extremely exposed to increased sea level and are
the first to face the impacts of climate change. At the same time
these countries are not, on the whole, the ones characterised by

large polluting industries, nor home to many vehicles.

Figure 1.3 Relationship between economic activity and the impacts of road transport.
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Module 2. Technical options

2.1 FUEL SWITCHING

Fuel switching from petrol or diesel to alternative fuels is re-
quired, if the climate targets set in the Paris agreement are to be
met. This is due to two main factors. Firstly, the rate of energy
efficiency improvement has slowed. For example, the average
fuel consumption of light-duty vehicles decreased by only 0.7
% between 2016 and 2017, slower than the 1.8 % improvement
achieved, per year between 2005 and 2016 [1]. Secondly, alter-

native vehicles that can move us away from fossil fuels are still

Figure 2.1 Demand for Primary Energy in the IEA’s Net Zero Scenario
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Fuel switching to alternative fuels with lower or zero CO:
emissions is essential to decarbonisation and to improving
local air quality, especially in urban areas. Petrol and diesel
engines are also responsible for a significant share of local pol-
lution in particulates (PM10, PM2.5), NOx and SOx pollu-
tion. This is especially the case in developing countries, where
the fuel standards are still many years behind those of most
developed countries. There are three different categories of
alternative fuels that can be used in place of petrol and diesel,

i) Natural gas, ii) Biofuels and Synthetic fuels.

not ready to completely replace fossil-fuelled vehicles. Several
countries have announced plans to stop sales of petrol and die-
sel engine vehicles from 2030 onwards. However, many devel-
oping countries are not ready to entirely go on that path and
many countries have not even announced such targets. There-
fore, overall, this means there will be a significant demand for
petrol and diesel even after 2030. The IEAs Net Zero Scenario
thus has a substantial share of oil, even in 2050 (Figure 2.1).
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Natural Gas

Natural gas from fossil fuels has been used as compressed
natural gas (CNG) in vehicles, and the technology has a high
level of readiness. CNG is particularly suitable for light- to me-
dium-duty vehicles [3]. As a result, CNG vehicles have been
widely deployed in some regions, particularly in Asia. For ex-
ample, there are about 6 million CNG vehicles in China [4]. It is
also easy to convert petrol-fuelled vehicles to run on CNG [5].



CNG vehicles have certain advantages over petrol and die-
sel vehicles. For example, they have lower emissions of air
pollutants and moderate noise [6]. On the flip side, methane
emissions during transportation and COz emissions during
combustion make them a less attractive option from a GHG

mitigation standpoint [7].

In place of CNG coming from fossil fuels, biomethane can be
used, which has all the advantages of CNG but has zero GHG
emissions. Biomethane can be produced from organic matter
such as crop residues, animal manure, municipal waste and
woody biomass and the technical potential at the global level
is put around 730 Mtoe, whereas the production in 2018 was
only about 35 Mtoe [8]. However, the costs of biomethane
are mostly above US $ 5 per MBtu [8], making it difficult to
compete with Natural Gas, for which the prices are generally
below the US $ 5 per MBtu. Overall, CNG can help in the
short-term transition, while biomethane can be used for the
longer-term transition to net-zero carbon emissions. How-
ever, for this to happen, a carbon tax on fossil fuels would be
needed to make the business case for investment in biometh-

ane production and consumption.

Biofuels

An essential advantage of biofuels is that they are compatible
with existing engine technologies for vehicles and refuelling
systems. Therefore, despite the rapid expansion of electro-
mobility, biofuels are seen as a possible option for mitigation
action [9]. Furthermore, from the standpoint of national gov-
ernments, biofuels help improve energy self-sufficiency and

strengthen the agriculture sector [10].

The use of biofuels as a mitigation strategy will depend on
the availability and costs of biomass feedstock and alterna-
tive mitigation options. For example, ethanol from corn and
sugarcane is commercially available in Brazil and the United
States, and biodiesel from oil crops and fatty acids are com-
mercially available in Europe [9]. However, the production of
biofuels using corn, sugarcane, and oil crops has been some-
times criticised because it takes away land for food and/or

leads to deforestation.

To address these concerns, there has been a focus on de-
veloping advanced biofuels from lignocellulosic feedstocks,
thus minimising the agricultural sector trade-offs. However,
technology development has been slow and has not achieved
full commercial scale. There are, however, several commer-

cial-scale advanced biofuels projects in the pipeline [9], and

their success will be vital if biofuels are to offer a viable and
large-scale impact on emissions reductions. The production
of biofuels also involves costs in collecting, storing, and trans-
porting crop residues [11], limiting the size of bio-refineries.
Overall, the long-term sustainable path is based on advanced
biofuels; however, costs need to come down, and a carbon tax
on fossil fuels can help in improving the business case for bio-
fuels. In addition, Biofuels will be competitive in heavy-duty
vehicles such as trucks and buses where EVs have not been

able to achieve commercial success.

Synthetic fuels

Synthetic fuels have similar properties compared to petrol
and diesel and therefore can be used in existing vehicles or
in places where electrification of vehicles is not easy. Syn-
thetic fuels can be produced from green hydrogen and CO..
Green hydrogen is produced via electrolysis, where electricity
produced from renewables is used to separate the hydrogen
that is bonded to oxygen in water [12]. CO2 can come from a
CCS plant associated with a fossil fuel or biomass gasification
facility. Technologies for green hydrogen and CCS are well
advanced; however, low-carbon synthetic fuel production is

still at the demonstration stage.

Cost is the main barrier to the production of synthetic fuels.
The cost of producing green hydrogen is USD 5.50/kg H2, and
if we consider the cost of CO2as USD 100 per ton of COz and
a cost of 0.05 per litre in the production of synthetic diesel
from H2 and CO: [12] then the cost of a litre of synthetic
diesel will be USD 1.70. In addition, synthetic fuels, in con-
trast to EVs, have a much lower total energy efficiency [13].
Therefore, synthetic fuels are not seen as an option for road
transport in the coming future since it is more efficient to go

for electrification.

2.2 ELECTRIFICATION OF VEHICLES

Electrification has been recognised as a critical technology
for decarbonising Light-Duty Vehicles [14]. However, large-
scale diffusion of EVs for other road transport modes such as
heavy-duty vehicles will depend on improvements in energy
density (energy stored per unit volume), specific energy (en-
ergy stored per unit weight), and costs [15]. Several countries
have already achieved more than a 2% share in Electric Vehi-
cles (EVs) sales, with many countries having even crossed a

10% share of new car sales (Figures 2.2a and 2.2b).
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Figure 2.2 Share of EV sold across countries
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EVs have zero local pollution and are therefore a good solution
for cities trying to improve their air quality. Moreover, EVs offer
a significant mitigation option if electricity generation is decar-
bonised. Since an increasing share of renewables is central to
most NDCs for countries, assuming progressive decarbonisa-

tion of electricity across countries is safe.

A major cost of EVs is batteries, though several battery tech-
nologies can be used for EVs. Historically, lead-acid batteries,
nickel batteries, high-temperature sodium batteries, and redox

flow batteries were used [16]. However, these battery technolo-

Figure 2.3 Battery Pack Prices (LIBs)
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gies have not gained much traction for large-scale applications
for EVs either due to their low energy density, low cycle life,
or high costs. Lithium-ion batteries (LIB) started to be used
for commercial applications around 2000 and have, relative to
others, e.g., lead-acid batteries, very high energy density and
higher cycle lives. Further, LIBs have witnessed a continuous
reduction in costs of more than 10% per year, bringing the bat-
tery prices very close to the US $100 per Kwh mark (Figure 2.3).
$100/Kwh is considered a price level where EVs will become
commercially viable for LDV with little need for incentives

from the government. Therefore, most EVs currently use LIBs.
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In cities, vehicles can be broadly categorised as private or
public. Private vehicles are typically owned and operated by
an individual for their use and are taxed differently from ve-
hicles for public use. Public vehicles can be owned privately
or publicly, but they will be used for public purposes, where
individuals pay a fare for using the transport. In terms of ve-
hicles, two-wheelers and cars are commonly used as private
vehicles whereas buses, three-wheelers, rickshaws, and tax-
is are considered public. There has also been a rapid growth
of micro-mobility in public vehicles, including e-bikes and
e-scooters. Private vehicles, compared to public vehicles, are
used less intensively, which has various implications in terms

of owning and operating costs, charging and battery sizes.

a) Private vehicles

Studies focused on private vehicles show that despite a decline
in EV prices, the up-front costs continue to be a significant bar-
rier to EV uptake in developing countries [17][18]. In countries
where EVs make up >2% of the market (Figure 2.2), they have
received either a purchase subsidy on the upfront price of cars or
a reduction in taxes and registration fees, e.g., in Norway, EVs
are exempt from paying VAT (25%) and three other purchase
taxes levied on non-EVs. EVs have lower operating costs than
petrol cars; however, since private vehicles run fewer kilometres

in a month, it takes much longer to achieve financial break-even.

The driving range, defined as the distance an EV can drive be-
fore it needs to be recharged again, is a significant barrier for
EVs [17][18]. Typically, the driving range is related to the size of
batteries, and a larger battery can give a longer range, however,
since batteries are expensive, there is a fundamental trade-off.
The existence of ‘range anxiety’ is also related to the availability of
charging points and time required for recharging. Easily available
and reliable charging infrastructure can help overcome driving
range anxiety [19]. Charging can happen for private vehicles at
the home, office, shopping centre, etc. Since most people spend
alarge part of their time at home, most charging (varies between
75-90%) has been reported to take place at or near homes [20]
[21]. Charging at home can happen using home charging or
public chargers, e.g., for apartment dwellers where having an
individual charger is not feasible. Public charging can occur us-
ing AC (slower) and DC (fast) charging, and of late, the share of
DC chargers has shown a quicker increase [22]. Public charging,
despite having a smaller percentage of overall charging demand,
plays a significant role in alleviating the range anxiety of users.
Public charging locations should be strategically located, e.g., at
workplace parking and transit stations. The creation of public
charging requires collaboration between automakers, utilities,
and policymakers. Policy support is needed for planning policy,

building regulations, and financial support.

An essential aspect of the policy is to harmonise the charging
standards to achieve interoperability between charging sta-
tions, enable smart charging and provide data to the con-
sumers on their charging sessions [23]. Currently, there are
different charging standards available across countries, e.g.,
CCS2 in Europe [24] and GB/T in China [25].

Electric vehicle charging can put an additional demand on
electric grids; however, if properly planned and integrated EV
charging can help in supporting the grid if used in combina-
tion with ‘smart’ demand-management technologies. EV's are
charged as soon as they are connected to the grid irrespective
of grid condition, if there is no planning and integration. This
can cause problems if the grid is overloaded. However, two
concepts are increasingly used within the broad umbrella of
smart charging. The first is ‘managed charging, whereby EV's
are charged only when high levels of renewable power are sup-
plying the grid, or when demand is low. Managed charging
also allows utilities to regulate the rate of charging. The second
is Vehicle to Grid (V2G), where vehicles can both receive and
provide electricity back to the grid [26]. Smart charging is ex-
pected to place transport systems at the centre stage of energy

storage and grid balancing [27].

b) Public vehicles

Among public vehicles, micro-mobility modes such as e-bikes
and e-scooters, there was a surge in 2020, with around 650
cities having some micro-mobility initiative in 2021 [22]. The
growth in these initiatives has been facilitated by the construc-
tion of bike lanes and other city policy initiatives. E-rickshaws
are mainly popular in Asia, where they have either replaced
cycle rickshaws (run manually) or three-wheelers that run
on petrol/diesel. However, the exact number of rickshaws is
unknown since vehicle registration authorities have not reg-
istered many. However, many vendors supply them at prices
below those of petrol/diesel three-wheelers.

E-bus registrations have not shown the growth witnessed in
other vehicle segments, and more than 95% of the bus regis-
trations are in China (Figure 2.4). In China, the demand for
e-buses is mainly due to initiatives by municipalities aimed
at reducing air pollution [22]. However, the capital costs for
the e-buses are the main barrier. An upfront capital subsidy
of USD 100,000 is needed at current prices to achieve price

parity with conventional diesel buses.
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Figure 2.4 Electric Bus registrations across regions
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Charging needs for public vehicles are quite different and, in
some cases, may require their own charging solutions. Since
public vehicle use is more intensive, they require more fre-
quent charging (at least once a day). For most micro-mobil-
ity initiatives, charging is provided by the service provider
itself, e.g., for eBikes the company also builds docking stations
where these e-bikes can be charged. For e-rickshaws there is
the option of charging the rickshaw at night using a simple AC
charger or swapping the battery. Either way, the reliance is not

much on public charging solutions.

The charging can be done for the bus fleet either at the depot
or at the bus stops during operation. However, due to the large
battery size (typically more than 150 kWh), fast charging is
necessary. These can be pretty expensive, e.g., fast-charging
hardware can vary from USD 45,000 to 200,000 per charger,
depending on the charging rate, the number of chargers per

site, and other site conditions [28][29].

2.3 MODAL SHIFT, PUBLIC TRANSPORTATION, BUS
RAPID TRANSIT (BRT) AND THE 15-MINUTE CITIES
From an energy-efficiency perspective, the choice of trans-
port mode is probably one of the essential aspects of transport
planning. This is because of the key role of public transport
and non-motorised transport in reducing the energy used
by transport modes. Travelling in public and non-motorised
modes uses less per-capita fossil fuel than using a private car.
Furthermore, as they are space efficient, they do not contrib-
ute to road congestion thereby increasing efficiency gains.
Therefore, the issue of mode choice is important and probably
the most critical element in transport planning and policy-

making. It affects the general efficiency of travelling in urban

areas, the amount of urban space devoted to transport func-

tions, and whether a range of choices is available to travellers.

The factors influencing mode choice may be classified into

three groups:

Characteristics of the trip maker: The trip maker's socio-de-
mographic can influence the choice of mode. The availability

of a vehicle and possession of a driving license affects a per-
son's access to a private automobile and, therefore, its choice.
The household structure (young couple, couple with children,
retired, singles, etc.) often put the need for an individual to use
particular modes. For example, the need to use a car at work,
take children to school, etc. Income is probably the most im-
portant driver of mode choice, and it is generally found that

the higher incomes determine the use of private automobiles.

Characteristics of the journey. Mode choice is strongly influ-

enced by the purpose for which the trips is being made. For
example, the journey to work is normally easier to undertake
by public transport than other journeys because of its regu-
larity and the adjustment possible in the long run. The time
of the day when the trip is made can also have an influence on
mode choice; late trips are more difficult to accommodate by
public transport as there can be scheduling and safety-related
issues. Individuals are also faced with coupling constraints,
whether the trip is undertaken alone or with others, which

affects mode choice.

Characteristics of the transport facility. Travel time: in-vehi-

cle, waiting and walking times by each mode and components

of monetary costs (fares, tolls, fuel, and other operating costs)



which affect the generalised cost of travel are affected by char-
acteristics of the transport facility. The availability and cost of
parking, reliability of travel time, and regularity of service.
The comfort and convenience, safety, protection, security; the
driving task demands; opportunities to undertake other activ-
ities during travel (use the phone, read, etc.) profoundly affect

the choice of transport mode.

Build environment: How land use changes over time, the
intensity of land use, and land-use mix all affect travel be-
haviour. Thus, it is important to review and benchmark urban
growth, population-employment densities (intensity of land-
use) and land-use mix.

The bus has been the main public transport in cities in the
developing world. Chen et. al. [30] have shown that a modal
shift from personal vehicles to the bus will increase the intro-
duction of bus priority measures like an exclusive bus lane
on Indian city roads. Variables such as walking time to bus
stop and trip purpose are considered and significantly affect

the choice and mode shift towards bus. In countries like Chi-

Figure 2.5 BRTS Quito, Ecuador

BUSES LEVEL
WITH STATION

PLATFORM

MEDIAN-
ALIGNED
BUSWAY

/

o

SEGREGATED BUS-
WAY PROHIBITS LEFT
TURNS

o
o5 LBy
>

I

na, studies [31] has shown that due to the implementation
of BRT, modal shift to BRT in Chinese cities has increased
significantly. The reason why BRT modes have been attractive
is due to shorter travel times, reduced congestion, fewer traffic

accidents and positive socioeconomic effects.

"Bus Rapid Transit (BRT) is a high-quality bus-based transit
system that delivers fast, comfortable, and cost-effective services
at metro-level capacities. It does this through the provision of
dedicated lanes, with busways and iconic stations typically
aligned to the center of the road, off-board fare collection, and

fast and frequent operations.

Because BRT contains features similar to a light rail or metro
system, it is much more reliable, convenient, and faster than
regular bus services. With the right features, BRT is able to avoid
the causes of delay that typically slow regular bus services, like

being stuck in traffic and queuing to pay on board.”

y &

Source: https://www.itdp.org/library/standards-and-guides/the-bus-rapid-transit-standard/what-is-brt/

The quantity and accuracy of the vehicle schedule have a sig-
nificant impact on how much energy is used in public trans-
portation. However, one cannot simply reduce the number
of trips to minimise emissions. This could cause individuals
to move to less efficient transportation methods and have an
impact on the level of service and appeal of public transpor-

tation. As a result, public transportation providers will en-

counter significant difficulties in modifying their current dis-
patching procedures to conserve energy. A smart scheduling
plan should consider both the operators' and passengers' per-
spectives on the cost and quality of bus operation. Therefore,
optimising the BRT dispatching method is crucial to raising

the level of service and lowering energy usage.
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Figure 2.6 Average Energy per Passenger vs. BRTS Daily Ridership
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Increased ridership of the BRTS system leads to significantly
lower average energy use per passenger, as can be seen from Fig-
ure 2.6, which is a plot of the average energy consumption per
passenger (in kJ) versus the daily ridership for all the BRT sys-
tems investigated. The systems studied use four different energy
sources: diesel, biodiesel, methane, and electric energy. The graph
follows the general trend of a lower energy per passenger for the
higher capacity systems (greater than 30,000 trips/day).

In many countries, the implementation of BRTS (as its rid-
ership is so much dependent upon access and egress time) is
integrated with the 15 minutes city concept. The 15-minute
city integrates a set of four complementary, overlapping prin-
ciples for people-centred urban development. It ties together
and builds on equitable urban climate action strands to create
a model that helps build more liveable, human-scale cities -
prioritising the most underserved neighbourhoods and dis-
advantaged groups. Already, cities are adopting this approach

worldwide; every city can join them.

The major advantage of 15-minute city neighbourhoods is
that they offer convenience and quality of life. A ‘complete
neighbourhood’ gives personal time back to people by reduc-
ing the frequency and length of unwanted trips, but physical
and digital connectivity must be at the heart of any 15-minute
city strategy, prioritising equitable access to social and eco-
nomic opportunities. The 15-minute cities try to overcome

the current urban paradigm where private vehicle plays an es-
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sential role. To this situation will inevitably be added the con-
sequences that COVID-19 will have on the conception of our
society and with it, our cities. Among the most innovative and
interesting proposals present in the urban debate in recent
years is the idea of chrono-urbanism and the 15 minutes-city

that Anne Hidalgo has proposed as can be seen in figure 2.7.

Figure 2.7 15-Minutes city Paris-A conceptual proposal
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While residents of a 15-minute city should not have to travel
far to meet their basic daily needs, access to public transit,
which can be used as connections to the rest of the city is
critical to facilitate longer commutes, social trips and other
cross-city travel. Efficient BRTS improve the ease and quality
of longer trips, reducing the use of private vehicles and traffic

in neighbourhoods across the city.

A 15-minute city integrated with BRTS has good walking and
cycling connections to existing transport stops and stations.
Transit stations, interchanges, and bus routes have enough
secure bike parking, with quality pedestrian space in the sur-
rounding area, and stations and stops are connected to the
walking and cycling street infrastructure network. The qual-
ity of public transport connection frequency is good across
the city, especially in poorly connected neighbourhoods. This
might mean adding connecting bus routes through under-
served neighbourhoods, improving the density of bus stops,
and increasing the speed and frequency of service, including
by upgrading bus systems to Bus Rapid Transit (BRT). The
design of bus stops should ensure that all residents, including
people with disabilities and caregiving responsibilities, can
use the service. Low-income residents should be prioritised
for any transit subsidies. Disability Inclusive Public Transport
gives practical advice and low-cost solutions, focusing on Af-
rican and Asian cities. Cities should also ensure that street
space reallocation schemes and walkability improvements are
designed with vulnerable users in mind. Use of digital tech-
nology like the MaaS$ application to integrate between differ-
ent modes, especially the modes providing last mile connec-

tivity in the 15 minutes neighbourhoods.

2.4 TRANSPORT INFRASTRUCTURE PROVISION AND
EQUITY OF SPACE

Transport infrastructure provides the means for residents to
access their desired activity locations, which in turn shapes
35], [36]. The

efficient use of road space and the reallocation of space to oth-

spatial patterns of development [32], [33], [34], [

er uses are seen as crucial interventions in the global debate
about the role of transport in low-carbon transitions. This is
because road-based transportation infrastructure networks
(highways, collector roads, urban arteries, and parking lots)
typically account for a significant portion of urban space. [37],
[38], [39], [40]. In practice, infrastructure choices can lead to
long-term lock-ins in terms of transport choices [41], [42].
For example, adapting road supply to accommodate an in-

crease in car traffic can lead to more vehicles on the road and

create more traffic in the long term [33], [43]. Increased indi-
vidual motorised vehicle ownership trends encourage greater
car-oriented transportation planning, stigmatise alternative
means of transportation, and discourage their usage. This
leads to suburbanization, car-based land use planning, ur-
ban sprawl, and ultimately, additional increases in motorised
vehicle ownership. Public transportation and non-motorised
transportation can be up to 20 times more space-efficient per
passenger than a conventional car, according to studies on
the spatial footprint of different transportation modes. [44].
A shift from car to public transport (PT) and non-motorised
transport (NMT) can therefore theoretically contribute to

freeing up precious city space [45].

In developing countries, a significant portion of the lower-in-
come population depends on public transport and non-moto-
rised transport. Typical for many other developing countries,
India has traditionally been known for limited transport in-
frastructure provision, with demand levels often overwhelm-
ing the transport infrastructure supply [46], [47]. Transport
planners have mainly focused on reducing road congestion
and on accommodating the ever-increasing number of mo-
torised vehicles. Thus far, transport planning has favoured
the use of cars [47]. There has been a general failure to in-
corporate NMT in the transport planning process, and PT
plans and provisions are inadequate and not comprehensive
[48]. Walking, bicycling, rickshaws, public transportation,
and motorised paratransit continue to dominate urban trans-
portation in India despite the lack of adequate infrastructure.
The majority of NMT and PT users, however, are captive
customers who cannot afford to use alternative modes. The
National Urban Transport Policy [49] stresses the relevance
of promoting NMT and PT modes to retain the existing users
and possibly entice present private motorised vehicle users
to shift to NMT and PT modes. Providing safe and dedicated
infrastructures for NMT and PT modes is crucial in bringing

individuals to deliberately choose these modes [50], [51].
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Figure 2.8 Space-time demand, an example of Raiya Road in Rajkot
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A demonstrative case is shown in Figure 2.8 using Raiya Road,
one of Rajkot's main axes heading west in the city. Since de-
mand changes depending on the time of day, space utiliza-
tion on Raiya Road is displayed daily and during the morning
peak, when there is the most traffic (9:30 a.m. to 10:30 a.m.).
According to the development scenarios, a one km-long road
stretch with a width of 13 m for 2011 and 24 m for 2031 was
chosen (road sections are illustrated in Figure 2.8). There are
13 000 m2 of space available on the stretch in an hour and 312
000 m2 daily in 2011 [53].

For the peak hour analysis, a congested speed of 10 km/h is
used, in accordance with the speed-flow graph for Raiya road's
capacity. The results for this case are given in m”.hr to fit with
the smaller overall scale. With those parameters, the daily space
consumption on the stretch stays below the daily space sup-
ply for all transport development scenarios, with consumption
rates varying between 15% and 38% depending on the scenario.
With those parameters, for all transport development scenar-
ios, the daily space consumption on the length remains below
the daily space supply, with consumption rates varying between

15% and 38% depending on the scenario.

However, during busy times the pressure in space increases. In
2011, the stretchs space consumption during peak hour traffic
was 65% of the entire amount of space on the route. Even though
it is reasonable to anticipate that practically all the available road
space will be utilised in congested conditions, elements like
mixed traffic and unutilised intersection space help to reduce the
rate of space-time consumption. Comparatively, [44] discovered
that over the entire city of Paris, the average road space usage
during peak hours was around 20%, which is possibly lower than

what one may have heuristically predicted [53].

The peak hour space demand would be 100% greater than the
supply if development were to occur according to the BAU
scenario, notwithstanding the projected road widening from
13 to 24 meters. This demand is mostly driven by cars and
motorised two-wheelers. According to these figures, city plan-
ners may need to account for 200% more space which will be

reserved for road traffic in order to reduce congestion.

Peak-hour demand would still be strong, accounting for 88% of
the anticipated supply, if the LCMP scenario were to be put into
action. By giving priority to space-efficient modes like buses,
this rate is still more than two times lower than in the BAU sce-

nario while maintaining a similar level of passenger kilometres.

Raiya Road is simply an example; a comparable circumstance:
a similar situation can be expected across the city, indicating
the need for incorporating measures that encourage mobility

solutions that utilize less urban space.
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Module 3. Non-technical options

There are several non-technical options (e.g., policy measures,
and regulations), that can be applied to achieve improved
fuel efficiency in the road transport sector, and thereby, de-
creased fuel consumption and both local and global emis-
sions. Non-technical options (NTOs) can also be applied to
achieve more sustainable and equitable urban transport sys-
tems. Many of these NTOs are, in contrast to some expensive
technological options, low-cost and therefore affordable for
cities and municipalities in developing countries. These low-
cost, or no-cost measures can be also adopted by transport
users themselves, for instance by following the A-S-I approach
(avoid, shift, improve). Following this approach may generate
several benefits, such as decreased congestion and as men-
tioned above, lower levels of emissions. The A-S-I approach

is explained in detail in Module 6, section 6.2.

One of the measures that individual transport users can imple-
ment is to follow the A-S-I approach, for example, by switching
from a private car to a bicycle. Besides the benefits mentioned
above, this modal shift generates several co-benefits such as im-
proved health, and both time and economic savings, thus being
a win-win measure. Studies have shown that the bicycle is the
fastest mode of transportation for short distances of up to 5 kilo-
metres, which is very often the distance people travel within cities.
A study about this was conducted in New York in 2014, in which
taxi services were compared to bike-shared systems. The study

shows that the bicycle is either faster or equally fast as the taxi [1].

Improving fuel efficiency in public transport vehicles (e.g.,
buses and taxis) and private cars, is another way of following
the A-S-I approach. Improved fuel efficiency can be obtained
through non-technical measures such as eco-driving training.
The principle of eco-driving is to drive in a more relaxed and
friendlier way. The eco-driving technique will be explained

more in detail later in this module.

Essentially, all this is about influencing all relevant trans-
port stakeholders, namely, public transport operators, public
transport users, and private car drivers to make the necessary
change of behaviour. However, to achieve these behavioural
changes in the various stakeholders mentioned above, the
necessary environmental awareness must be created. Unfor-
tunately, NTOs have not been implemented to the required
extent, sometimes not even considered by politicians and
decision-makers, simply because there is a lack of knowl-
edge among these stakeholders about the positive effects the

suggested measures may have on themselves, as well as on

the environment, and how easily they can be implemented.
Therefore, information through awareness-raising campaigns

can be an effective way of influencing all these stakeholders.

3.1 AWARENESS-RAISING CAMPAIGNS

The implementation of awareness-raising campaigns directed
to politicians, decision-makers, and the public in general, is
an effective and low-cost measure leading to increased envi-
ronmental awareness, and thereby, to the desired behavioural
change. There are examples showing the results of successfully
implemented awareness-raising campaigns in several cities that
have led to the introduction of environmentally friendlier poli-
cies by politicians, and to a modal shift with increased use of bi-
cycles among transport users. Some examples are Bogotd (Co-

lombia), Quito (Ecuador), Ecuador and Concepcién (Chile).

The lack of awareness about the negative impacts unsustain-
able motorised transport systems may have on the local and
global environment, and the lack of knowledge about the
available low-cost NTOs that could lead to more sustainable
and equitable urban transport, have been some of the main
barriers hindering the implementation of more sustainable
policies and policy measures for this sector. It is, therefore, of
paramount importance that information about the negative
impacts of unsustainable transportation, as well as the correct
information about existing policies and low-cost measures
with a significant emissions reduction potential and their
associated benefits, is conveyed to relevant target groups in
a convincing way. It is also very important that information
about the various public transport and other sustainable travel

alternatives that are available is conveyed to all citizens.

Evidence shows that a well-designed awareness-raising cam-
paign containing information about the environmental and
health benefits of biking can be a very effective way of in-
fluencing modal shifts. This is a very cost-effective way of
creating the necessary awareness among politicians and de-
cision-makers, and ultimately to behavioural change among
transport users, at the same time. Authorities at both the na-
tional and local level can arrange public campaigns aimed to

influence and promote changes in transport users' behaviour.

Important aspects to take into consideration when designing a
campaign are: 1) the objective of the campaign (what is to be
achieved); 2) the target audience (whom the campaign is ad-
dressing); 3) what are the messages to be conveyed (e.g., negative

impacts of unsustainable transport on the environment); 4) the
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channels of communication to be used (newspapers, television
and others) and; 5) the type of activity (public events, gatherings,
etc,). For example, if the purpose is to promote a modal shift
from private motorisation to public transport or non-motorised
transport (NMT), i.e., biking or/and walking, the campaign must
be addressed to private car owners, but also, to those who do not
yetown a car. As it is well known, it is easier to prevent somebody

from starting to drive a car than to get somebody out of the car.

How effective an awareness-raising campaign is will depend on
its design and implementation. There are various strategies that
can be considered. In a guidebook on "Planning and Implemen-
tation of Campaigns to Promote Bicycle Use in Latin American
Countries", four crucial elements to be taken into consideration
for a successful campaign are mentioned. These are “1) affective;

2) rational; 3) movement and 4) community social” [2].

The first element refers to strategies addressed to people’s
emotions. The objective of this is to invoke happiness, a feel-
ing of freedom, and all other positive feelings related to the
fact of using an environmentally friendly and sustainable
mode of transportation, e.g., the bicycle. This should be pref-
erably accompanied by emotionally convincing activities. The
affective element could be shown in advertisements or/and

street activities, which do not require the presence of citizens.

The second element refers to the use of facts, i.e., technical, sta-
tistical, and numerical. Here, it is important to present accurate
information about the transportation mode being suggested
and its associated benefits, e.g., less road space used, decreased
or zero emissions when used, shorter travel times, lower cost,
etc. These arguments should be presented by citizens who stand

for high credibility, in conferences or other media platforms.

Figure 3.1 Urban space taken by mode of transportation.

The third element refers to strategies that require the partici-
pation of citizens. One strategy often used is that citizens un-
dertake together a journey by foot, bicycle, or public transport
through the city, preferably with a clear objective for the jour-
ney, e.g., a trip to a working place, school or for a recreational
purpose. Good examples of this strategy are the Sunday bicycle

rides like the ones im-plemented in cities like Bogota and Quito

The fourth element refers to the implementation of promotion-
al activities organised by a team, with the objective of promot-
ing sustainable transportation such as bicycling. This strategy
should be implemented in a stepwise process; however, some
steps could be implemented in parallel. For the implementation
of this strategy, it is advised that both representatives from rele-
vant authorities and citizens are involved. This will create a syn-

ergy between the government, citizens, and other stakeholders.

These four aspects also apply to other types of campaigns hav-
ing the objective of producing behavioural change among car
drivers and transport users. Some examples are campaigns
against anti-idling, where posters and leaflets are used to de-

scribe the negative impacts of idling in inner-city areas.

Although awareness-raising campaigns may not give the ex-
pected results in terms of radical changes in the short term,
they will most likely, have an impact in the long term. The
bicycle is an environmentally friendly, healthy, and efficient
mode of transportation. It can be faster than cars when it
comes to short-distance travelling in inner-city areas. Another
advantage of the bicycle is that it takes considerably less road
space than cars take. Figure 3.1 shows the difference in urban

space taken by three different modes of transportation

Source: CPE, Cycling Promotion Fund. ©WeRide Australia



3.2 ECO-DRIVING

Introducing eco-driving training is a low-cost and effective
way of improving and changing driving styles among drivers,
which can lead to more sustainable urban transport. This mea-
sure is low-cost because eco-driving can be incorporated as an
extra learning component in already existing driving courses,
as it has been already done in many places around the world.
Eco-driving is increasingly recognised as an effective measure
to achieve fuel consumption reductions thanks to a friendlier
and more energy-efficient driving style. Besides, by adopting a
friendlier and more relaxed driving style, the driver reduces fuel
consumption and thereby expenses on fuel, something which is

of great concern due to today’s very high fuel prices.

The technique also contributes to reductions in CO2 emissions
with corresponding benefits for both the local and global en-
vironment. Evidence shows that savings of between 2 and 15%
can be achieved due to eco-driving programmes. This may

obviously vary depending on the programme and drivers [4].

The principles of Eco-driving are quite simple and can be im-
plemented by any driver of a vehicle, whether it is a car, a bus,
a light, or a heavy-duty vehicle. Eco-driving is mainly about
varjous measures that can be implemented by the driver such
as maintaining a constant speed, shifting gears at the right time
thus optimising the RPM (revolutions per minute) of the en-
gine. High speeds will undoubtedly increase fuel consumption
and it is, therefore, important to maintain a low speed. Optimal
gear shifting is especially important for cars with manual trans-
mission. A majority of today's new vehicles show in the front
panel when it is the right time for a lower or higher gear. "Block
changing” is another technique that leads to a decrease in fuel
consumption by reducing sequential gear shifting, i.e., the driver
can skip the next gear and jump directly to a higher gear instead
[5]. This technique gives rise to benefits such as increased fuel

efficiency, preserving the life of the car's clutch at the same time.

Eco-driving programmes have been introduced in several EU
countries showing they have generated multiple benefits for the
environment as well as for car owners, the last mainly due to
savings in fuel consumption, which in many cases it represents
a significant share of the household’s budget. Another bene-
fit generated by Eco-driving is improved public health due to
reduced exposure to pollutants like NOx, Sox and PM, pollut-
ants that may have severe impacts on public health. The main
benefit for the global environment is the one related to the re-

ductions of CO2 emissions, this be-cause the level of CO2 emis-

sions is directly proportional to the amount of fuel combustion.
Another benefits that can be mentioned is reduced number of
car accidents, which leads in turn to benefits such as a reduced

need for health care and the costs associated with it.

All the benefits mentioned above can be attributed to a more
friendly and relaxed driving style. One example of an eco-driv-
ing programme introduced in the European Union (EU), is
the ECOWILL (Widespread Implementation for Learner
Driver and Licensed Drivers) project. The programme was
supported by the European Commission Intelligent Energy
Programme and was implemented in 13 EU countries be-
tween 2010 and 2013 [6]. Among the results that could be
observed is an average reduction in fuel consumption of be-
tween 9.2 and 18 % among drivers that attended the short-du-
ration course, which resulted in an average decrease in fuel
consumption of 14 % in the 13 countries that participated in
the ECOWILL programme.

Today, more economic and friendly driving styles are support-
ed by recently developed technological devices that can guide
drivers while driving how to do it, thus achieving the expected
benefits of eco-driving. A study using the Eco-driving device
Eco-Way was conducted in the Riverside area, Cali-fornia,
USA in 2010. In the study, 20 drivers were monitored in their
daily commuting for a period of 2 weeks. The study found an
improvement in fuel economy of 6 % on city streets and 1 %

on highways [7].

Today there are several eco-driving applications for mobile
phones, which can be downloaded for free. The app tells the
driver about your performance as a driver by collecting infor-
mation like speed, harsh braking, etc. and the application will
tell you immediately your eco-driving score.

Real-time normalised indicators such as the one specifically
developed for this purpose by Deutsche Telekom AG (Figure
3.2), represent a useful tool to, in real-time, guide the driv-
er to achieve a more economic, secure, and environmentally
friendly driving style. This communication device provides
immediate feedback to the driver who can adjust to a more
economic and friendly style during the trip itself. It can also
provide a post-driving summary showing drivers” actual costs
incurred by driving on a trip-by-trip basis, thus proposing

changes to their way of driving.
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Figure 3.2 Communication of Eco-driving results, conceptual framework.

Behavioural
Tool Feedback changes Results Outcomes
Real-Time Driving behaviours
Indicator - Shift gear sooner Smoother drive;
Instantaneous - Maintain steady speed less unnecessary
fuel economy or - Accelerate softly idling
engine power - Decelerate gmoothly
e - Turn off engine
Eco-driving
Trip End Travel behaviours
Summary - Trip generation Reduced number
- Trip chaining of trips
- Total fuel - Alternative destinations Reduced VMT
- GO, emissions - Mode shift =
- Costs of driving - Alternative routes

Source: Transportation Research

Other ways of improving both the lifespan of a vehicle and
fuel efficiency suggested in eco-driving courses are good
maintenance, periodic checks of the vehicle such as tyre pres-
sure, reduction of unnecessary vehicle weight, and avoiding
unnecessary idling. Anti-idling regulations will be further

discussed in the next section.

3.3 ANTI-IDLING

Anti-idling regulations can be introduced by corresponding
authorities at a very low cost, and be implemented by the driv-
er, not only at zero cost but even obtaining savings in terms
of decreased fuel consumption. This policy measure effective-
ly reduces road transport emissions in inner-city areas. In a
similar way to eco-driving programmes, it generates several
benefits like improved local air quality and decreased global
emissions such as COz. Another benefit is improved economy

for car owners due to fuel savings and decreased engine wear.

Anidling vehicle generates considerably more emissions than
when it is driven at a constant speed. Furthermore, the air
pollutants from idling vehicles are most of the time emitted in
inner-city areas, and therefore, their impacts on human health
are of greater severity, particularly on children, pregnant
women, and the elderly. Anti-idling regulations have been
introduced in many countries, including European countries
and the USA. Nevertheless, compliance has been low since
drivers are not following the rules as expected, which depends
most likely to the fact the existing monitoring and enforce-

ment mechanisms are ineffective.

One likely reason for the lack of compliance with anti-idling

regulations is the existing misconception among car owners

regarding anti-idling, based on the belief that turning the en-
gine off and on will consume more fuel than leaving it idling,
a misconception that may have been true for old cars but not
for today's modern cars equipped with ignition systems that
are much more efficient and that require less fuel to switch the
engine on. Another likely reason is the lack of knowledge about
the negative impacts idling has on the environment and their
economy. An idling car generates several negative impacts on
the environment besides the ones already known. It pollutes the
local environment, as well as and the engine due to incomplete
combustion, leading thereby to an increased level of pollution

and fuel consumption of approximately 4-5 per cent [28].

A concern associated with the development of recently devel-
oped more advanced technologies, is that these technologies
are not used optimally, and are therefore, not generating the
expected benefits. One example is that despite the fact most
of today's new vehicles are equipped with an auto-stop and
start technology, this function can be turned off by the driver
and thus not being utilised to the full. Often, car drivers are
found sitting in idling cars in crowded urban areas, emitting
air pollutants such as PM, SOx, and NOx, that as mentioned
earlier, may have severe impacts on human health. This can be
also observed in cities where anti-idling regulations have been
introduced. It is therefore, very important that monitoring
and enforcement is enhanced; without the required monitor-
ing and enforcement mechanisms in place, compliance will
remain an issue. Furthermore, the technology being provided
must be accompanied with adequate instructions about how
to use it optimally, but also information about the benefits the

technology can provide, if used correctly.



3.4 FUEL ECONOMY AND COz EMISSION STANDARDS

Mandatory fuel economy and CO: emission standards on vehi-
cles have been much more effective than voluntary targets set by
the auto industry. Mandatory standards can achieve annual CO:
reductions of 2-3% per year, compared to 0-1 % average reduc-
tions per year achieved through voluntary targets [7]. Mandato-
ry emission standards on passenger cars, light-duty vehicles and
trucks have also been an effective instrument to push carmakers
in the EU to improve vehicles' fuel efficiency, thereby, achieving
reductions in the level of CO2 emissions from the road transport
sector. For instance, in 2009, a regulation on CO2 emission stan-
dards on new cars was adopted by the European Commission by
setting a 130 g/km target by 2015 [8]. The regulation adopted by
the European Commission was due to the fact that the voluntary
target set by carmakers of reducing CO2 emissions from 186 g/
km to 140 g/km by 2005 was not met [9]. This shows that with-
out regulations, no, or very few fuel efficiency targets and CO2
emissions reduction targets would have been achieved. In 2013
a new CO:z target of 95 g/km to be met by 2021 was set by EU
policymakers. This target resulted in an annual CO2 emissions
reduction rate after 2015 of 5.1%, which was significantly greater
than both the car makers’ early voluntary targets and the first EU
CO: regulation on cars' emissions. The current EU policy has
helped to reduce the average new car’s real-world CO:2 level by
18% since 2001, from about 200 g/km to 165 g/km.

Nevertheless, the CO2 emission levels could, if an effective
enforcement mechanism had been in place, have been 127 g/
km, compared to a baseline scenario without mandatory CO:
standards. This means a 33% reduction, almost double the 18%
that has been achieved [10]. This shows the important role ap-

propriate monitoring and enforcement mechanisms can play.

Regulations of this kind represent a low-cost measure for
transport authorities, but also for car owners since the burden
is posed on carmakers and normally not on car owners. How-
ever, for these regulations to be effective, rigorous monitoring
and enforcement mechanisms must be put in place. This can
be done locally at the city level as well as the municipality
level. At the local level, the enforcement can be applied in a
similar way to the regulations of compliance with the EU5 and
EU6 standards for cars that have been applied in several cities,

in particular in European cities.

For example, in the Swedish cities Gothenburg and Malméo,
the local authorities introduced so-called "milj6 zones" (en-
vironmental zones or low emissions zones) in which cars not
complying with these standards are banned from inner-city
areas. Environmental zones were subsequently introduced in

Stockholm, Sweden’s capital, and other cities in the country.

From 1 July 2022, the regulation will be restricted further on
diesel-driven cars, where only those complying with the EU6
standard are allowed to enter the inner-city area so-called
Zone 2 [11]. The environmental zones were first introduced
in Sweden in 1996 and can be the first low-emission zones
(LEZs) program put in place. Following the Swedish exam-
ple, LEZ were introduced in several cities in Germany, the
Netherlands, north Italy and London, the last during 2007-
2008. In the last decade, the number of LEZ has been steadily
increasing and they are in place now in many EU countries
[12]. Currently, there is a variety of regulations restricting the
levels of emissions are in place in a number of European cit-
ies. For instance, in Germany, cars must have a decal on the
windshield showing the car complies with emissions under
a certain level. In Barcelona, Spain, old cars are completely
banned from inner-city areas. In several cities in Italy, signs
levelled with "Zona Traffico Limitato" (limited traffic zone)

are found, and the ban applies during specific hours and days.

Fuel economy standards (FES) can also be found in other re-
gions of the world. Chile, with its innovative feebate program
to promote passenger-vehicle efficiency, is one of the examples.
The programme, which is a mix of taxes and incentives, was
approved by the Chilean congress in September 2014 and intro-
duced a carbon tax on new car purchases based on Nitrogen ox-
ide (NOx) (heavy) and Field Electron (FE) (lighter) emissions,
according to Fuel Economy labelling information [13]. Fuel
economy standards aimed at reducing emissions from road
transportation have been introduced also in other Latin Amer-
ican countries like Argentina, Brazil, Costa Rica, and Mexico.
In Africa, South Africa included fuel economy standards in
their Green Transport Strategy (GTS). In this programme, new
vehicle fuel-efficiency standards, which are equivalent to CO2
emission standards, constitute one of the pillar programs that
make up the GTS action plan [14]. The introduction of both
mandatory (FES) and LEZ has meant significant improvements
for both the local and global environment. FES has helped to
reduce CO:2 emissions which are the main precursors of climate
change, while LEZ have helped to significantly reduce the levels
of local emissions such as PM10 and NOx and other local pol-

lutants, and this has improved public health.

As mentioned earlier, the levels of both global and local emis-
sions could have been reduced further if the monitoring and
enforcement mechanisms had been more effective. This needs
to be considered by local authorities in developing country
cities by the time FES and LEZ are being gradually intro-
duced. It is only by putting in place the right monitoring and
enforcement mechanisms from the beginning that FES and

LEZ will provide the expected results.
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3.5 DEMAND-SIDE MANAGEMENT

Transportation Demand Management (TDM) has tradition-
ally involved strategies to induce commuters and other trav-
ellers to shift to green transport modes, which can be high
occupancy modes such as carpooling, public transport etc. or
non-motorised transport modes [15]. For sustainable mobili-
ty globally, transport managers search for innovative and am-
bitious urban transport solutions to arrive at a situation where
towns and cities are less polluted and more accessible and traf-
fic flows more freely. According to ITDP [15] demand-side
management strategies seek to do two things: 1) promote ef-
ficient travel modes (those that consume less roadway space
per passenger-kilometre) to increase the effective capacity of
existing infrastructure; and 2) shift travel by inefficient modes

to off-peak periods to reduce congestion.

Demand-side management is also recognised international-
ly as a supportive tool for improving energy efficiency from
transport and for mitigating the impacts of greenhouse gas
(GHG) emissions. With the transport sector contributing
almost a quarter of energy-related GHG emissions (with
around three-quarters of that coming from road vehicles),
TDM is essential for reducing private car use and promoting

more energy-efficient travel modes.

TDM also seeks to reduce auto trips—and hopefully, overall
vehicle kilometres travelled—by increasing travel options,
providing incentives and information to encourage and help
individuals modify their travel behaviour, and/or reducing the
physical need to travel through transportation-efficient land
uses. Overall, TDM strategies tend to be far more cost-effec-
tive in relieving regional congestion than expanding roadway

and parking infrastructure.

The typical demand-side management measure include:

Operational Measures

These measures enhance choices and traveller information
about those choices. Traffic management centres use real-time,
dynamic information to manage the system and provide us-
ers with route choices during their trips. The modern-day
navigation systems that help travellers with travel time pre-
diction, route selection and coping with extreme events and
congestion based on recent (the past few hours) or archived
(historical) data are also operational measures. Operational
measures also include strategies for managing demand during

disruptions like construction activities or a major event [16].

Physical Measures

Physical measures that restrict the use of personal automobiles
in certain areas or during certain times of the day or involve
strategic improvements to the transportation network to en-
hance system efficiency or provide new capacity for public
transport. This can be achieved with physical barriers restrict-
ing vehicles into specific areas, such as the historic core during
certain portions of the day or for even more extended periods.
Likewise, by improving their public transport systems by build-
ing extensive park-and-ride facilities and providing high occu-
pancy vehicle lanes to encourage public transport high capacity

bus systems like BRT / carpooling and carsharing [16].

Financial and Pricing Measures

Financial and pricing measures like congestion pricing
schemes are being implemented to reduce congestion (Lon-
don) and emissions (Stockholm, Sweden, and Rome), not
primarily to raise funds for transport or other uses. Finan-
cial incentives are also being used as a demand management
strategy. As part of a highway construction project near Am-
sterdam, free monthly transit passes were distributed to area
residents and workers to complement transit service improve-

ments and employer-based TDM initiatives [16].

Institutional Measures

Demand management requires new partnerships, planning
processes, and approaches to addressing traffic congestion.
The ability to institutionalise a demand management philos-
ophy in supply-oriented organisations is a key factor in the

endeavour's success [2].

Figure 3.3 Shared Mobility Service Models (Adapted from Shaheen, Cohen [201)
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3.6 VEHICLE SHARING AND THE SHARING ECONOMY
The term sharing economy is used to describe the act of shar-
ing consumption through online platforms'. Most were start-
ups developed from social media platforms where people
share ideas, information and insights [17]. The increased use
of smartphones and internet-based technologies facilitates
their use. The foundation of the sharing economy is shaped
by the intention to utilise existing capacities better. While the
use of cars and other mobility options is carried out according
to peak-load requirements or cannot be divided at will, the
sharing economy provides mechanisms to use the available
capacities better and thus the fixed costs with mostly low vari-
able costs - in extreme cases, marginal costs of zero. Aver-
age costs are reduced by using economies of scale against the

background of different individual preferences [18].

Shared mobility is transforming transport systems in many cit-
ies across the world. The advent of shared mobility options has
increased multimodality and improved accessibility. Above
all, it provides mobility options to sections of the population
who choose not to own a personalised automobile, making
shared mobility an integral part of transport systems in many
countries. The most acknowledged sharing economy applica-
tion has arisen in personal mobility through shared mobility
which involves a bicycle, scooter, car or any other mode shar-
ing[19]. It can also include alternative transit services, such
as paratransit, shuttles, and private transit services, which can
supplement fixed-route bus and rail services. Shared mobility

options can be categorised into five groups|[6].

1 https://www.pwc.co.uk/issues/megatrends/collisions/sharingeconomy/future-of-the-
sharing-economy-in-europe-2016.html

Figure 3.4 Rental bikes in Beijing, China

1) The membership-based self-service model
2) P2P self-service model

3)  non-membership self-service models

4) for-hire service models and

5) mass transit systems.

Membership based self-service models

According to Shaheen, Cohen [6], the membership-based
self-service models have five common characteristics. That is,
there should be an organised group of participants, one or
more shared vehicles mentioned in figure 3.7.1., it should have
a decentralised network of stations with flexible boarding in
and boarding out, should allow short term access (typically
one hour or less) and lastly it should provide self-service ac-

cess. Some examples are given bellow

Bike-sharing (developing world)
1) Mi bici tu bici, Argentina

2) Bike Itad , Brazil

3) Jo Bike, Bangladesh

4) Mobike, China

5) MyByk, India

6) Bike2Work, Indonesia

Bike-sharing users access bicycles on an as-needed basis. Trips
can be point-to-point, roundtrip, or both, allowing the bikes to
be used for one-way transport and for multimodal connectivity
(first-and-last mile trips, many-mile trips, or both). Station-based
bike-sharing ki-osks are typically unattended, concentrated in
urban settings, and offer one-way station-based services (bicycles
can be returned to any docking location). Free-floating bike shar-
ing offers users the ability to check out a bicycle and return it to
any location within a predefined geographic region. Bike sharing
provides a variety of pickup and drop-off locations, enabling an

on-demand, very low emission form of mobility[20].

Markus, Winkler, Unsplash
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Car sharing
1. ZoomCar, India

2. Zazcar, Brazil
3. Algita, Mobilizim and YoYo, Turkey
4. eHi, China

Individuals typically access vehicles by joining an organisa-
tion that maintains a fleet of cars deployed in the urban area,
mostly in core and important locations. Typically, the car-
sharing operator provides insurance, gasoline, parking, and
maintenance, and the participants pay a fee each time they

use a vehicle.

Peer-to-Peer (P2P) service models

1. Drivemate, Thailand

2. RentmyRide, South Africa
3. Turo, Drivy USA

4. BlocVehicle, South Korea
5

. Darenta, Russia

Advances in ICT technology and increased use of social media
platforms enable vehicle owners to share their bicycles or cars
with others when they are not using them. Online platforms bro-
ker these deals between owners and users and provide organi-
sational support needed for such transactions (online platform,

customer support, safety certificates, insurance, and technology).

Non-Membership Self-Service Models

Rental cars and carpooling where no membership is required

fall under the category of non-membership self-service models.
For example, India's traditional bike-sharing or renting system,
where individuals could rent a bike from a bike shop and return
it back at the same location, would fall under this category. Car

rental like Europcar etc., would also fall under this category.

Carpooling is when one car is shared amongst many people,
this is done based on common origin and common destina-
tion or have origin or destination along the route. Several car-
pooling apps allow riders to combine their journeys. These

include Blablacar, Trees of cars, Zimride, RideScout etc.

Figure 3.5 Car Sharing ShareNow, Amsterdam

Share Now, Unsplash

Mass Transit Services

Mass transit systems include public transportation and alter-
native transit services. The traditional public transport sys-
tem, bus-based/rail-based/any other that operates on fixed
routes and charges fares based on set procedure, falls under

the public transport system.

Many countries also have informal transport systems which
operate as shuttles, paratransit etc., and micro transit solu-
tions offered by the private sector. These can operate on fixed

routes or flexible routes depending upon regulations.



3.7 NON-MOTORISED TRANSPORT (NMT): WALKING
AND BIKING

Non-motorised transport plays an important role in urban sus-
tainability, especially from the energy efficiency point of view. A
wide range of non-motorised modes can be used, starting from

pedestrian movement to bicycles, skateboards, push scooters, etc.

From an energy efficiency perspective, NMT modes are desir-
able as there is no energy use involved, and therefore, any shift
from modes using fossil fuel only improves the system's overall
energy efficiency. Traditionally, walking, and other non-mo-
torised transport have been dominant modes, even from the
time before industrialisation, as automobiles were not available.
Therefore, the land use and transport traditional core of many
cities are still designed to favour pedestrian and non-motorised

movement. In modern-day transport, non-motorised transport

Figure 3.7 Road space used in Rajkot, India

is considered the primary mode of transport that should be
encouraged for short-distance trips and for accessing public

transport modes that can be used for long-distance travel.

Non-motorised modes use very little space compared to pri-
vate automobiles and provide mobility to a large section of the
population, especially those who do not have access to private
automobiles (children, elderly, women, poor, etc.). In a study
done for Rajkot [21] in India, results of which are presented in
Figure 3.7, it was found that NMT modes account for around
half of the total trips made in the city. However, only 2% of
dedicated space is allocated for these modes. The analysis also
revealed that if these modes were supported with adequate in-
frastructure, they would still consume only 11% of total space

transport space used by all modes in the city.
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In the same study;, it was also found that if adequate policies and measures are put in place to promote non-motorised transport,

a large percentage of the population can be attracted towards non-motorised transport.
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Module 4. Barriers to the implementation of sustainable
urban transport policy measures

4.1 INTRODUCTION

The transport sector stands for approximately a third of the global
CO:2 emissions of which approximately 80% originates from the
road transport sector [1]. This sector represents thus a consid-
erable emissions reduction potential. Despite this, a significant
share of the potential remains untapped. Many of the available
transport policy measures, which could have contributed to
achieving emissions reductions, have not been implemented -
sometimes not even considered by decision-makers and trans-
port authorities. A likely reason for this is the existence of several
barriers that, in one way or another, are hindering the implemen-
tation of various transport policy measures that, if implemented,
could have led to the development of a more sustainable and eg-
uitable urban transport. There are also barriers that are hindering
public transport and non-motorised transport (NMT) users from

increased use of the existing services and infrastructure facilities.

The barriers can be of different types and have different de-
grees of influence on decision-makers, transport authorities,
public transport and NMT users. It is, therefore, crucial to
identify and analyse these barriers so the appropriate mea-
sures to overcome them can be taken, thus facilitating the

transition to a more sustainable urban transport.

Barriers hindering the implementation of more sustainable trans-
port policy measures apply to the whole transport sector; road
transport (passenger and freight). However, this module focuses
on barriers associated with urban transport. The barriers encoun-
tered in the urban transport sector could be divided into two cat-
egories; those faced by decision-makers and transport authorities
on the one hand, and those faced by individual users of public

transport services and NMT transport modes on the other hand.

The first category refers to the barriers faced by decision-makers
and transport authorities when designing and trying to introduce
new policy measures. The second category is associated with how
public transport users perceive the way public services are pro-
vided (e.g., quality, reliability, and safety). Specifically, the quality,
reliability, and safety perceived by passengers when using buses,
the metro and other public transport modes. This applies also
to NMT transport users when using the existing infrastructure
such as bicycle lanes and walking paths. Users of public transport
services often have a negative perception about what these ser-
vices can deliver, and the quality with which these are delivered;

a perception that is not always justified. Nevertheless, a negative

perception, justified or not, will deter public transport users from

its use, thus constituting a barrier.

In order to be able to address these barriers in the best possi-
ble way, it is very important to identify them and understand
the reasons behind their existence. Without identifying and
understanding the reasons behind them, it is very difficult

to design and implement effective measures to address them.

This module suggests a four-step process through which the
required steps are organised and undertaken in sequence. This
is because the input from previous steps is used in the analysis
for the next steps (Figure 4.1). The four-step process starts with
the identification and categorisation of the barriers and contin-
ues until the design of the measures to be applied to overcome
these barriers. The four steps are described in detail in section
4.2. For the whole process, it is recommended that all relevant
transport-related stakeholders, from both the public and pri-
vate sector, are involved from the beginning of the process.
The advantage of this is that it can benefit from the experience
and insights of experts, but also from the perceptions of public
transport users. Involving all relevant stakeholders will increase
the process's acceptability and legitimacy. Also, engaging them
from the very beginning will make them feel more ownership,
and thereby, a greater level of commitment. The stakeholder

involvement process is covered later in section 4.4.

4.2 IDENTIFICATION, ANALYSIS, AND PRIORITISATION
OF THE BARRIERS: A FOUR-STEP PROCESS

As mentioned earlier, it is very important that the 4 steps are
undertaken in sequence. It is also crucial that the identifica-
tion and categorisation of the different types of barriers are
correctly done since different categories of barriers will most
likely require different measures to be taken to overcome
them effectively. In some cases, a combination of measures

could be the most effective way of removing a barrier.

Categories such as institutional barriers, may be more difficult
to address because they are likely to require approval or en-
dorsement at a certain political level. Other initiatives such as
awareness-raising campaigns about the benefits of investing
in more sustainable transport alternatives, or dissemination
campaigns to promote increased use of NMT may be less de-
pendent on political acceptance. However, they may certainly

need the endorsement and approval of the local authorities.
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Figure 4.1 shows the suggested four-step process to be con-
ducted for the identification, analysis, and prioritisation of the
barriers, but also for the identification of measures that could

be taken to overcome the different types of barriers.

Figure 4.1 Barrier analysis: the four-step process

Identification and categorisation of barriers to decision-makers,
and public transport and NMT mode users

Analysis of the reasons behind the identified barriers

Prioritisation of the barriers to be addressed

Identification of measures to be taken to overcome the prioritised
barriers

Source: Elaborated by the author

As mentioned earlier, it is important that the 4 steps suggested
for the barrier analysis process are followed and undertaken
in sequence. This is because the information derived from one
step will inform the analysis in subsequent steps. The first step
will help to identify and categorise the prevailing barriers to
policy implementers and users of public transport and NMT
modes that need to be addressed. Understanding the reasons
behind the barriers will help to understand which of the iden-
tified barriers are more likely to be overcome and which are

not likely to be overcome, thus prioritising accordingly.

Table 4.1 shows a list of potential barriers applying to deci-
sion-makers, public transport users, and users of NMT modes.
The barriers are divided into categories and sub-categories. The
rationale for dividing the main barriers into sub-categories is
that it will provide more detailed information about the reasons
why they constitute a barrier (what causes it). In this way, it will
also help to understand better the reasons behind them, which

makes it easier to identify measures to overcome the barriers.

TABLE 4.1 Categories and sub-categories of barriers to decision-makers and public transport and NMT modes users.

Categor Sub-category/reason Decision- | Public transport service
gory gory makers and NMT users
Economic e Lack of financial resources or budgetary constraints X
and e Need for large upfront capital for infrastructure interventions X
Financial e High cost of capital (high-interest rate) X
Institutional | e Lack of managerial and organisational skills X
e Lack of clear policy guidance X
e |ack of available competent staff X
Legal and e |neffective or lack of regulatory frameworks X
Regulatory e Bureaucracy X
e Political instability X
e Lack of political will X
e Absence of monitoring and enforcement mechanisms X
Technical e Lack of capacity to assess the potential impacts of different policies X
capacity e Lack of capacity to operate and maintain new transport systems X
Awareness e Lack of awareness about the negative impacts of pollution X X
e |ack of knowledge of the benefits (e.g., environmental, and health-related) X
of biking and walking
e Distorted information about the performance of public transport systems X X
Safety e [nsecurity when using public transport systems (inside buses/ metro and X
shelters)
e Insecurity when biking or walking (lack of dedicated lanes/paths and lighting) X
Cultural e Aversion to new technologies X X
e Prestige X
Usability * Long distance to access bus and metro stops X
e Lack of integrated tariffs between different transport modes X
e Lack of information regarding timetables and routes X

Source: Elaborated by the author



Table 4.1 shows some of the most common barriers both
policy implementers and users of public transport and NMT
modes face. In this context, it is very important that policy-
makers and decision-makers are aware and understand not
only the barriers they face, but also those faced by users of
public transport and NMT modes, so they can design the
transport policies in a way that promotes and facilitates the
use of both public transport and NMT modes. For instance, if
the policy is to promote an increase in the use of bicycles and
walking, it is crucial to understand the barriers people are fac-
ing in terms of safety, e.g., bike lanes and walking paths which
may be perceived as too narrow, with poor lighting, or in bad
conditions. This will help them to take this into consideration

at the time of designing the policy measures.

4.3 MEASURES TO OVERCOME THE BARRIERS

The information about different types of barriers affecting de-
cision-makers, and users of public transport and NMT modes
are shown in table 4.2, which emanate from step 1, need sub-
sequently to be analysed in step 2. Step 2 will allow for a more
in-depth analysis of the reasons behind the existence of the bar-
riers. Consequently, having a better understanding of the rea-
sons behind the barriers will make it easier to. Table 4.2 shows

potential measures applicable to the different types of barriers.

TABLE 4.2 Potential measures to be taken to overcome the transport barriers

Measure

Category

Economic Introduction of investment subsidies
and Grants and loans
Financial Loan guarantees

Taxation
Congestion charges
Public-private partnerships

Institutional | ¢

Relevant capacity building to decision-makers and transport authorities
Relevant capacity building to staff in transport authorities
Establishment of formal organisational structures and provision of the required authority to decision-makers

Legal and Introduction of regulations (e.g., to comply with anti-idling regulations, maximum speeds, parking, etc.)
Regulatory e Establishment of monitoring and enforcement mechanisms

Technical e Technical training related to public transport systems to decision-makers and transport authorities
capacity (better understanding of which measures are possible or not)

e Technical training to operators and those that maintain transport systems

economic and environmental)

Awareness e Awareness-raising campaigns to inform decision-makers and transport authorities of the multiple benefits (economic,
social and environmental) of sustainable transport
e Dissemination campaigns among public transport and NMT users of the benefits of biking and walking (health,

Safety .
lanes and walking paths)

Improved safety for the use of bicycles and walking (better allocation of road space, e.g., widening of both bike

* Improved lighting on bicycle lanes and walking paths

Cultural .
from private cars to NMT

Behavioural change through the dissemination of the benefits (economic, social, and environmental) of the shift

e |Improved public transport services (bus/metro) information, (e.g., timetables, stops, routes, etc.)

Usability

Introduce passenger real-time information

Decrease the distance between bus and metro stops
Introduce intelligent payment systems between different transport modes

Source: author compilation
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As mentioned earlier, some of the measures designed to over-
come some of the barriers may be implemented in combination
with complementary measures. For instance, to have a better
impact from a campaign to promote a shift from private cars to
public transport or to NMT modes (biking or walking) intro-
ducing economic incentives or disincentives could be a good
option. For example, a reduced bus/metro tariff and the intro-
duction of congestion charges could be effective complemen-
tary measures. It will incentivise private car owners to either
shift to public transport or to NMT modes. This way, the effec-
tiveness of the measure taken to promote the mode shift will be
reinforced by the complementary measures. If the objective is
promotional, it is crucial that the campaign is designed in a way
so the message is conveyed in such a way that it can achieve the

intended objective, namely, to overcome the barrier.

Similarly, if the designed measure is intended to overcome a
safety-related barrier faced by users of NMT modes, infra-
structure improvements aimed to increase security will be
needed. Investments, such as widened bicycle lanes or im-
proved lighting during dark hours, could be financed by es-
tablishing a private-public partnership, or as previously men-

tioned, by the revenues from congestion charges.

Figure 4.2 Core group stakeholder mapping

4.4 STAKEHOLDER INVOLVEMENT IN THE BARRIER
IDENTIFICATION AND ANALYSIS PROCESS

The identification and analysis of the barriers facing deci-
sion-makers, transport authorities, public transport users and
NMT users, is a process that should be conducted in consul-
tation with all relevant stakeholders from the start. Engaging
stakeholders in the process from the beginning will make them
feel ownership and thus be more willing and committed to
participate and contribute with ideas and feedback. Relevant
stakeholders are those that may be affected by, have a direct or
indirect interest in; or that are in one way or another, affected by

the situation or problem either positively or negatively.

To achieve the best possible stakeholder representation, it is sug-
gested to conduct a mapping of all relevant stakeholders and
from there select the ones that should be invited to participate
in the consultation workshops. For the mapping exercise, a re-
duced number of stakeholders, i.e., a core group, should be com-
posed. This core group could be composed of decision-makers,
policymakers and implementers, transport authorities, munici-
pality and civil society representatives and relevant actors from
the private sector. It is recommended that the core group does
not exceed 8-10 participants, thus allowing for more structured
and fruitful discussions. This core group shall map, categorise
and select a wider group of stakeholders, which are directly or
indirectly associated with urban transport that will be, later on,
invited to participate in the consultation workshops, where a

more comprehensive analysis will be conducted.

Christina@wocintechchat.com, Unsplash
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Figure 4.3 Relevant stakeholders

Municipality
representatives

Stakeholders

Private sector

Infrastructure
providers

Transport
service
providers

Transport
authorities

Source: Elaborated by the author

Involving all relevant stakeholders has several advantages since
the various experts and relevant stakeholders will contribute with
expertise and insights, which may lead to the design and imple-
mentation of more sound, sustainable and widely accepted trans-
port policies. Another advantage is that stakeholder participation
will give more legitimacy to the process, and the transport policies
emanating from the process will more easily get the acceptance

and endorsement of politicians and other transport authorities.

The input and feedback from the selected stakeholders can be
obtained, as we will see below, in various ways, for example,

through online surveys. For instance, in a study by McTigue

et al., undertaken in Great Britain to identify barriers to the
implementation of local transport policies, online surveys and
follow-up interviews were used. In the survey, it was revealed
that the greatest challenges faced by local authorities were the

availability of financial and staff resources [2].

Involving representatives from local communities (public trans-
port and NMT users) will help to collect relevant information
about the way the barriers are perceived by citizens on the
ground, which is an important input to the process. Figure 4.4
shows the 4 steps of the process and the methodology that could

be used to obtain the needed information.

Figure 4.4 Barrier analysis: four-step process with stakeholder involvement

Identification and categorisation of the barriers

|dentification of the reasons behind the barriers

- Mailed questionnaires

Prioritisation of the barriers to be addressed and overcome

- Telephone interviey
- Consultation workshops

- Face-to-face interviews
- Online surveys

Identification of policies and measures to overcome the
prioritised barriers

Source: author compilation
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To obtain the best possible results from the stakeholder consul-
tations, it is important to identify and make a list of the most
relevant stakeholders to be interviewed or invited to participate
in the consultation workshops. As shown in Figure 4.4 the meth-
odology for the elicitation of information can vary depending
on a number of factors such as availability to participate (very
busy stakeholders or stakeholders that are not allowed to par-
ticipate), or prevailing policies at their working place. Therefore,
mailed questionnaires or telephone interviews may make their
participation more likely. The design of questionnaires, as well
as telephone interviews, need to be designed in such a way so
they don't include any biases which can affect or influence the

answers. In that sense, open-ended questions are recommend-
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Module 5. Business Models and Financial Instruments for

Sustainable Urban Transport

INTRODUCTION

The increasing demand for individualised and flexible urban
transportation, with the use of new technologies and shared
transport modes, is skewing the long trajectory of conventional
transportation towards new patterns of urban mobility. Like-
wise, the ongoing COVID-19 pandemic has led to increased
use of private vehicles due to recommendations by many health
authorities around the world not to use public transportation.
The shift from public transport to private cars will, most likely,
persist for some years to come. This is mainly because we are
prone to adopt increased comfort and flexibility, not willing to
give it up afterwards. As mentioned in Module 4, the lack of
economic resources is one of the main barriers to policymak-
ers and policy implementers who aim to achieve more sustain-
able urban transport. Therefore, there is a need for appropriate
business models (BMs) and financial instruments (FIs) that can
make these interventions possible. In a world characterised by
dynamic urban settings and ways of travelling, these can play a
crucial role, help secure the required resources.

This module presents various BMs, for example, the Peer-to-
Peer (P2P) model, within the shared mobility and micro-mo-
bility modes (i.e., car sharing, bike sharing, and others) for the
urban transport sector. The study of BMs in this module will
build on the concepts of shared mobility service models already
introduced in module 3. In this regard, the introduction of the
Business Model Canvas for Sustainability (BMCS) will support
the analysis of the selected BMs. The BMCS will pay attention
to the burdens and benefits of these BMs, and it will suggest rec-
ommendations and examples to reduce the associated costs to
implement different BMs. This module also describes and sug-
gests potential FIs that can be used to fund the necessary invest-

ments to uptake shared mobility and micro-mobility services.

5.1 THE ROLE OF BUSINESS MODELS

Traditional modes of transportation are being significantly
replaced by new mobility services and the BMs that support
them. In this sense, organisations that want to be ahead of
the curve use design thinking, strategy, and an openness to
changing their BMs. Customers nowadays are looking for
businesses that have disrupted the status quo by reimagining
their BMs and delivering value to them. Furthermore, dis-
tinct, and innovative BMs are required to develop sustainable
and profitable solutions. A BM traditionally defines how an
organisation develops, delivers, and collects value in eco-
nomic, social, cultural, or other contexts. However, BMs are

frequently focused on creating value through financial gains,

sometimes ignoring environmental and social considerations
- this needs to be addressed.

With the COVID-19 crisis, the development of innovative
BMs and some assistance are key for operating in the black
[1]. Simultaneously, consumer behaviour and mobility pat-
terns are changing. The pandemic of COVID-19 has expedit-
ed these changes, which are facilitated by digital solutions and
the shared and collaborative mobility services [2]. All these
factors are increasing the demand for better, more sustainable,
and more efficient BMs. Numerous studies demonstrate that
businesses that redesign their BMs are more likely to prosper
(3], [4], [5], [6].

The development of new BMs will be essential for expand-
ing the mobility industry because advances in this field pose
a challenge to established BMs [7], [8], [9]. Transportation
firms need to develop a sustainable business plan to succeed
in today's competitive environment. It is about the value a
company can provide to consumers, how it will structure to
do so, and how it will regain a percentage of that value [10].
Well-defined BMs allow organisations to identify what cus-
tomers want and need, and how organisations may best meet

and pay for those demands [11].

5.2 SUSTAINABLE BUSINESS MODELS FOR URBAN
TRANSPORT

Today, businesses need to operate more sustainably and con-
sider the three main sustainability pillars, economic, environ-
mental, and social, in the logic behind their business practices
to create value for their stakeholders. This also applies to the
transport sector and, in particular, to the road transport sec-
tor, due to the sector's multiple negative environmental im-
pacts, both local and global. However, within BM innovation,
the idea of sustainability, which encompasses all three dimen-
sions mentioned above, is gaining popularity and is now a

major topic in academic research [12].

This section introduces the new Business Model Canvas for
sustainability (BMCS) developed by Cardeal et al. [13]. The
BMCS focuses on integrating the three pillars of sustainability
in one BM.

Thus, the BMCS preserves the original point of the original
Canvas model of Osterwalder and Pigneur [14], focusing on
the value of a product, process, or organisational innovation,
while integrating the three pillars of sustainability as we see

in Figure 5.1.
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Figure 5.1 Business Model Canvas for Sustainability.

Key Partners

The supplier and partner
network that enables the
business model to function

Key Activties

The most fundamental
actions a business must do
to ensure the viability of its

business model

Key Resources

The most essential assets
required to ensure the
viability of a business
model

Value proposition

The collection of products
and services that produce
value for a certain
customer segment

Customer Relationships

The types of relationships
a company establishes
with specific customer

segments

Channels

How a business connects
with its customer
segments and reaches
them to offer a value
proposition

The most
important costs
inherent in the
business model

The ecologicel ond
social costs the
business model is
causing

Cost structure
(Economical)

Customer segment

The various groups of
people or organizations
that a business seeks to

reach and provide services
to

The cash
generated by a
business from
each customer

segment

Revenue
streams
(Economical)

The ecological and

social benefits the

business model is
generating

Source: adapted by the author using information from A. Osterwalder and Y. Pigneur [14] and S. Sarasini and O. Langeland [15]. The figure has been

designed using Miro (online whiteboard & visual collaboration platform).

Analysis to show the potential of the selected BMs depicted
in sections 5.3. to 5.4. of being sustainable and low-cost op-
tions are conducted below using the BMCS. This section will
mainly focus on the burdens and benefits while considering
the three pillars of sustainability. In addition, the BMCS will
also include a section for recommendations and examples of

improvement for each of the different BM presented below.

5.3 SHARED MOBILITY (CAR-SHARING, RIDE-
SOURCING AND RIDESHARING) BUSINESS MODELS
Car-sharing is centered on changes in travel behaviour as a
practice, new markets, and business model innovation while
being powered by new mobile technology and applications.
More people believe that car sharing will lead to a more en-
vironmentally friendly transportation system. Among other
advantages, they are connected to improved urban manage-

ment and energy efficiency [15].



TABLE 5.1 BMCS for the Car-Sharing Business Model.

Analysis of Car Sharing Business Models

Integrator Public transport service and NMT users
Key partnerships The network of suppliers and partners that make the | Direct contact with individuals.

BM work.
Key activities Customer support and marketing. Customer research and co-creation.
Key resources Mix of internal combustion engine (ICE) and electric | Physical: Existing vehicle stock.

vehicle technologies.

Value propositions Station-based (i.e. Ubeeqo) or Free floating (i.e. Rental from peers' homes.
Car2go & Zipcar).

Customer relationships Looser ties based on digital surveys and feedback. Close ties based on continuous interaction.
Channels e Smartphone apps e Smartphone apps
o Website o Website
e Social media
e SMS
Customer segments e Smartphone apps P2P (i.e. Dégage)
e Website
e Social media
e SMS
Benefits Revenue e Monthly subscription payments Hourly fees Provisional fees
Streams e Kilometre fees

Eco-Social | e Car-sharing improves the use of resources by redistributing, sharing, and utilising excess capacity.

Benefits e |t increases economic output by enabling job seekers who cannot afford a car to utilise one if
they need one for job hunting and employment purposes.

e Additionally, car-sharing can serve specific market segments. For instance, small firms could
use car-sharing as a more efficient and flexible alternative to owning automobiles that are only
used on an as-needed basis if there is no local conventional vehicle rental service;

e Social inclusion.

Burdens Cost e Vehicle fleet maintenance and operations e Employees
structure e Parking fees
e Congestion charges
e Employees
Eco-Social | e The social costs of car-sharing are moderate.

costs e (Car-sharing allows drivers to pay as they go, incurring small fixed expenses but significantly
greater variable costs.

Recommendations | 1. The success factors listed below, according to Deloitte (2017), are crucial for free-floating providers (Deloitte, 2017):
e |ocation. Dense populations will attract enough clients per car.
* Time-based pricing.
e Collaboration with municipal governments to receive parking spaces/permits, and
e Convenience and widespread accessibility of (small) vehicles in urban areas.
Moreover, for P2P car-sharing, the following aspects must be considered:
e Improve user-friendliness in technology and
e A broad and diverse network that ensures the best possible match for all customers.
2. Integrators also advocated for policymakers to prioritize developing electric vehicles (EV) charging stations.
3. Finally, other key takeaways of the current state of the market of car sharing includes:
e Partnerships with public transport operators and Original Equipment Manufacturer (OEMs).
e Multi-modal flexibility.

Real cases 1. One option is to lower free-floating service costs, like one Nordic provider that created a novel pricing struc-

examples ture that rewards users who relocate their vehicles. By not hiring workers to redistribute vehicles, the operator
saves money.

2. Some integrators provide lower usage charges with a monthly membership, while others do not, allowing
members to register without obligation. This lets users to pay as they go for services, offering convenient and
flexible access to those who like to experience them before adoption. Integrators regularly test price packages
with differing degrees of coverage using BMI to optimize value.

Source: compiled by author using data from S. Sarasini and O. Langeland; T. Litman; V. Roblek, M. Mesko, and I. Podbregar; T. Schiller, ]. Scheidl, and T.
Pottebaum; and S. B. Suzi Tart, Peter Wells [15]-[19].



TABLE 5.2 BMCS for the Ride-Sourcing Business Model.

Analysis of Ride-sourcing/Ride-hailing (i.e., Uber) Business Models

Key partnerships e The drivers (the supply side of Uber) can
join or leave, as they like. It is essential to
have a sufficient number of them to give
the consumer proposition (timely pick-up
at low cost).

® |nvestors.

e Technological partners.

Key activities Commuters can use rideshare apps while at home to identify the nearest pickup spot. Transit
vehicles only stop in prefixed locations. Rideshare apps offer dynamic stations while remaining
within the radius of operation. It also provides the freedom to move when public transportation is
not operating.

Key resources e Network e Data and e Skilled * Apps, Archi- | ¢ Venture e Brand
Analytics staff tecture capital
Value propositions e For the Driver: Income generation; Flexible Work Hours; ease of joining; low idle times.

e For the Rider: Fast pick up; lower cost; convenience; easy transaction; rating/ feedback.
e Cheaper and faster than taxis and social networking.

Customer relationships Close ties based on continuous interaction.

Channels e Private vehicles and drivers
e Smartphones applications with location-based service

Customer segments P2pP
e Drivers: e Customers/riders:
Demographic - Socio-economic - Micro Usage patterns - Type of usage - Demographic
geographic - Behavioural - Situational - Socio-economic - Micro-geographic
Benefits Revenue The primary source of revenue production is provided by 20% of the fare charged to the customer,
Streams with the remaining 80 percent going to the driver as compensation.

Eco-Social | ® Reduce the environmental impact of local transportation by lowering car use and fossil fuel

Benefits consumption.

e Resources and supply chains that are underutilised. The vehicles used are personal vehicles
owned by individuals who wish to share their vehicles.

e |nteraction with peers and with customers.

Burdens Cost e The main costs involve: sales, marketing & promotion cost
structure e Also, there are various more costs to consider, for instance: (1) infrastructure cost, (2) research
and development, (3) platform maintenance, (4) legal and settlement costs, (5) insurance costs.

Eco-Social | Srnicek (2017) describes the new sharing economy phenomena as "a sort of platform capitalism"”
costs that illustrates Uber's so-called social costs. Uber's international operations, many of which are
banned, include: (1) violation of the labour legislation (primarily because employees do not recog-
nise drivers' status, irrespective of the amount of job they are carrying out), and (2) infringement of
legislation setting the safety of the road/workplace.

Recommendations | 1. Cohen & Kietzmann (2014) advised shared mobility service providers to collaborate with local governments
to secure active city support and maximise public and environmental goals. Riders might save money if these
P2P networks were incorporated into transportation apps, such as shared mobility data.

2. By considering shared transportation as a merit good and minimizing the traditional agency conflicts typically
seen in strictly private business models, access and environmental impact can be maximized.

3. Therefore, to reduce the costs (both economic and social) from ride-sharing business models, merit good BMs for
sustainability (BMfS) could play an important role. For doing so, promoting public-private partnerships (PPP) is
cru-cial. More details about PPP will follow in section 5.6.1.. More details about PPP will follow in section 5.6.1.

Source: compiled by the author using data from B. Cohen and ]. Kietzmann [7], S. Sarasini and O. Langeland [15], S. Sarasini and O. Langeland [17], S.
Satti; A. Asirin and D. Azhari; AppsRhino; and G. Fisher, J. E. Wisneski, and R. M. Bakker [20]- [23].



TABLE 5.3 BMCS for the Ride-Sharing Business Model

Analysis of Ridesharing (i.e. carpooling) Business Models

As mentioned in Module 3, Blablacar is an example of carpooling services with non-membership self-service model.

Below an illustration of its BM using BMCS.

Key partnerships .

The venture capital funds
that have facilitated the
company its development
and expansion

e |nsurance company e Hosting and architecture
providers, to handle the

platform’s data

Key activities

Blablacar's major activity as an intermediary between drivers and passengers is the development,
maintenance, and promotion of its web platform and apps.

Key resources The user community
Blablacar brand

L]
L]
e The web platform and apps
L]
L]

Staff

The cash provided by venture capital funds

Value propositions

Provide a less expensive mode of transportation than the bus or train on long-distance routes that
are tailored to your schedule and needs.

Customer relationships .

The self-regulation of the user community before, during and after each trip.
e The rating and review system, which helps create a digital reputation for each user.

Channels e Ads on Facebook.

e The delivery of the value proposition occurs between the users themselves.

Customer segments

It is a two-sided market in the sense that it must recruit drivers who offer car journeys on the
platform and passengers who come into touch with those drivers.

Benefits Revenue e Commission per trip e Fixed cost
Streams
Eco-Social | ® Carpooling protects the environment. Less traffic implies less greenhouse gas emissions and
Benefits better air quality.
e |t's good for your health. Carpooling can lower health hazards for everyone. Carpooling may also
be less stressful than solo commuting.
Burdens Cost e Advertising e Personal e Apps + Web
structure
Eco-Social N/A
costs
Recommendations | Carpooling is an adaptable model that can also take place in different settings. Some studies analyse various carpool-
ing schemes in the work environment or academic settings. In this regard, Transport for Ireland (TFI) has estab-
lished some guidelines to advise on good practices when running carpooling schemes. It provides recommendations
concerning etiquette, safety issues, operations, license, insurance, tax, and shared costs, together with some practical
case studies. More information can be found here.

Source: compiled by author using data from Sergio Rodriguez; Anonymous; and Daniel Spence [24]-[26].

5.4 MICRO-MOBILITY (BIKE SHARING AND SCOOTER
SHARING)

Car parks, vast highways, and multi-tiered bridges occupy
public space in metropolitan areas. Most developed cities have
micro-mobility targeted toward commuters. This business
concept saves customers money while simultaneously pro-

viding a cost-effective source of revenue for service providers.

Micro mobility services are provided by the micro mobili-

ty industry. The industry is known for selling to consumers

(B2C), but it may also supply to groups (B2G) or other busi-
nesses (B2B). Most of the vehicles produced by the industry

are electric, such as scooters, bicycles, and automobiles.

The majority of shared micro mobility consists of station-based
bike-sharing (bicycles can be taken up and dropped oft at any
station or kiosk) and dock less bike-sharing and scooter-sharing

(a bicycle or scooter picked up and returned to any location).

For the purpose of this study, the analysis will be done for

e-scooter sharing and bike-sharing business models.
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TABLE 5.4 BMCS for the Bicycle sharing Business Model

Key partnerships * Municipalities e Public transport | e IT technology e Component/material
providers providers
Key activities e Development and e Platform and e Rental terminal | ® Marketing
production fleet mainte- maintenance
nance
Key resources e Production e Platform e Terminals e (e-)Bicycle fleet | o IT and
facilities and customer
materials support
employees

Value propositions

(e-)Bike-sharing
service

Bike-sharing solution

Advertising space (on
bicycles and mobile
apps)

Customer relationships

Automated &
self-service;

Tailored business customer service;

Active online commu-
nities

Channels e Website/platform e Terminals Bicycles e Social media profiles
Apps (i0S, Android,
Microsoft)
Customer relationships e Universities e Municipalities e [ndividual bike e Companies
riders

B2C/B2B/B2G (Aasebg, 2019).

Benefits Revenue e Subscription fees e Usage fee (time- e Sponsorship e Advertising
Streams based)
Eco-Social | Bike-sharing programs must be used in big numbers in order to provide the greatest possible bene-
Benefits fits. Bike-sharing programs provide the following eco-social benefits:

e They provide cities with flexible mobility, decrease congestion, and serve as a "first/last-mile"
connection to boost public transportation.

e A recent study revealed that the health advantages of the 12 major Bike-sharing systems
bike-sharing systems (BSS) in Europe outweigh the hazards of increased air pollution and road
traffic deaths. If all bicycle sharing journeys in these cities replaced car trips, 73 deaths per year
could be averted.

* Nonetheless, the environmental advantages of bicycle sharing appear to be related to increased
cycling rather than reduced resource usage. BSS members own more private bicycles than
non-members, according to research.

Burdens Cost e Marketing e Platform maintenance and customer e Bike fleet and terminal
structure relations maintenance
Eco-Social | ® Bicycle maintenance and management.
costs

Recommendations | 1. Key takeaways:

Cities shall actively promote shared micro-mobility to maximise market potential and mileage commercialisation.
Cities might create intermodal hubs for micro-mobility and public transportation.
Some cities are unwilling to employ the service due to safety concerns;
The low entry barriers allow competitors to acquire a player's consumer base by investing a little more
(McKinsey, 2019).
2. Assess public preferences. A study carried out for the city of Mashhad in Iran regarding public preferences to-
wards bicycle sharing system (BSS) suggests that certain variables have a significant impact on the likelihood
of choosing BSS as the primary mode of transportation in Mashhad. These variables are employment status,
gender, bicycle fare, dedicated bicycle lane, bicycle quality, pavement quality, proximity of BSS stations to
bus stops, and bicycle training programs.
3. Good telecoms and Internet of Things (loT)-based systems. According to a study on cost-effective and
eco-friendly bicycle sharing systems for developing countries, it is feasible for individuals to travel more by
bicycle and use less public or private transportation in cities around the world with a lower budget. However,
an efficient way to establish good telecoms and loT-based systems are needed. Furthermore, NFC cards for
payments and a lock/unlock verification system will help increase efficiency and security in the future.

Real case example

There are several kinds of bike-sharing, with hybrid bike-sharing taking a unique approach that maximizes flexibil-|
ity while minimising turmoil. In this regard, Urban Sharing (a Norwegian software platform for micro-mobility) has
developed a better bike-sharing system. Its hybrid lock works with both physical and virtual bike-share stations.
The method works by locking the bike “to itself” or returning it to a physical dock. This paradigm allows for user
flexibility while maintaining urban order.

Source: compiled by author using data from E. Vitkauskaite and E. Vaiciukynaite; H. K. W. Aasebo; P. DeMaio; E. Fishman, S. Wash-ington, and N.
Haworth; E. Fishman, S. Washington, and N. Haworth; Y. Zhang and Z. Huang; S. Shaheen, S. Guzman and H. Zhang; L. Caggiani and R. Camporeale;
L. Abolhassani, A. P. Afghari, and H. M. Borzadaran; and L. Bajracharya, T. Mulya, A. Purbasari, and M. Hwang [27]-[35].



TABLE 5.5 BMCS for the Scooter sharing Business Model

Key partnerships e Scooter e (City e Operator for picking up and | ® Insurance | e Investors
producer authorities charging scooters (AXA)
Key activities e Scooter & App maintenance.
e Communication with authorities.
e Customer experience optimisation.
Key resources e Electrical scooters
e GPS tracker system and the App
e Human resources: sales and marketing team, mechanics;
e Depot for maintenance
e Financial resources
Value propositions e |mproved end-to-end short-distance transport experience with a shared electric scooter.
e More cost effective than owning a scooter.

Customer relationships

Automated and self-services, as well as personalised support in some scenarios.

Channels e App based channel e Website based channel e Physical scooter presents
in cities
Customer segments e Commuters in cities e Users of public transports who travel their
‘last-mile’
Benefits Revenue * Fixed fee per scooter trip.
Streams e An additional fee for each minute spent on the scooter.
Eco-Social | e Better community cohesion.
Benefits e |ess traffic congestion (for short trips).

e |ower emissions, thereby contributing to better air quality.

e Because e-scooters are smaller than other modes of transportation and easier to ride on sidewalks
than bicycles, women may feel safer riding them than men may. Women may also be more dis-
tance-sensitive than men, making it easier to stand on an e-scooter than a bicycle.

Burdens Cost e Scooters acquisition, maintenance, collection and charging.
structure e Maintenance of the app.
Eco-Social | ® A major source of GHG emissions from shared e-scooter use is materials, manufacturing, and
costs automotive use for the collection of e-scooter for charging.

e Recycling is essential since electric scooters consist of rare elements that are possibly pollut-
ing. The batteries (and the cell itself), which makes them responsible for a large amount of
pollution from which it cannot be escaped, have to be taken care of, at least until the battery
recycling industry is better developed.

e Customers abandoning damaged or outdated scooters on the street are difficulties, as are safety
concerns.

Recommendations . BMs for e-scooters should address the following to optimize use and promote its cost-efficiency:

. But how to hold firms accountable and modify consumer behaviour? Possible solutions include:

e Use e-scooters for the last mile and ride them carefully to extend their life.
e Improve the charging infrastructure and
e Not to be used to replace low-carbon travel options like walking, taking public transportation, or cycling.

e Dedicated on-street parking.

e Docks and parking zones. Multiple dockless services should share a universal dock rather than having sepa-|
rate docks for each company. Bonus parking zones could be introduced to encourage people to park away
from entrances and key paths.

e Parking penalties and off-limits areas. Leaving a bike or scooter on the street may result in a fee for the user, and
the operator may be charged for failing to remove bikes or scooters that pose a safety concern or obstruct access.

Examples for
Improvements

. The leading smart commercial bike parking provider in the world, Bikeep, provides parking lots with the uniqueness

. Grin (a Mexican electric scooter company) is trying to support with parking issues. It has partnered with

that it allows all e-scooters to be locked and loaded, regardless of manufacturer or service provider. Scooters are
easily accessible yet securely locked in their parking lots to prevent vandalism and do not require daily loading.

restaurants, businesses, and corner stores to provide scooter parking. It created “grin zones” in front of estab-
lishments that shoppers can find in its app. The businesses receive publicity and potentially more foot traffic.
Grin pays merchants to charge scooters overnight in-store backs to avoid building an independent charging
network. Also, Grin encourages customers who return scooters to “grin zones” in front of establishments

with discounts on rides or neighbouring stores. Also, Grin encourages customers who return scooters to “grin
zones” in front of establish-ments with discounts on rides or neighbouring stores.

However, Grin had to cease its City of Mexico activities when its scooters were stolen and sold online, notably
on Facebook. Grin is now obliged to cease operations owing to COVID-19.

Source: compiled by author using data from P. Kao, C. Busquet, V. Lubello, M. Meta, and C. Van Den Heuvel; S. Boglietti, B. Barabino, and G. Maternini;
J. Fong, P. Mcdermott, and M. Lucchi; J. Hollingsworth, B. Copeland, and J. X. Johnson; Paris Marx; and Oscar Steve [36]-[41]
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5.5 REMARKS AND RECOMMENDATIONS FOR
BUSINESS MODELS WITHIN THE SUSTAINABLE
URBAN TRANSPORT LANDSCAPE

After exploring the different BMs depicted from sections 5.3.
to 5.4., it can be concluded that they provide several eco-social
benefits and some challenging cost structures. Both public and
private actors can investigate novel synergies that might pave
the way for new disruptive BMs. Of course, the circumstances
of each country, investment opportunities, and potential con-

sumers' willingness to pay will all influence these developments.

Nonetheless, COVID-19 emphasizes how the "old mobility
normal" was already damaging local economies through traf-
fic congestion, overpaying on roads and parking, and drivers
harming and killing too many people through crashes and air
pollution. Our transportation infrastructure was previously

inadequate and is now in decay [1].

The pandemic has impacted urban transportation, which has
also impacted the idea of smart cities as a sustainable city
model for 2020. Cities began accelerating initiatives includ-
ing pedestrians, bicyclists, and new vehicle or bike-sharing
programs with private partners. In 2020, the COVID -19 pan-
demic prompted car-sharing companies to close. For example,
businesses emphasise cutting-edge mobile solutions that give
customers more affordable options (like the introduction of
"pay-as-you-go") and increase payment through applications.
Micro-mobility solutions may be on the increase as a result

of a pandemic (sharing scooters, bicycles, and scooters) [17].

According to UNECE (2021), a variety of enabling factors
might spur public support for environmentally friendly and
sustainable transportation [42]:

o Increase efforts by government agencies to address public
worries about the future of sustainable mobility.

o Strong partnerships between local government entities,
transportation providers, the general public, and the com-
mercial sector are required.

« Informational initiatives that illustrate how active com-
muting, better public transit, and effective spatial design
may ease such worries.

A constant information and outreach initiative equivalent

to the anti-smoking campaign.

Implementing BMCS enables viewing various sustainable
transportation BMs in a broader context and locating possi-
ble advantages and disadvantages. It may act as a foundation
for investment opportunities and decision-making processes.
However, further study is required to assess the burdens and
benefits of the BMCS quantitatively.

5.6. FINANCIAL INSTRUMENTS AND RISK-
MITIGATION MECHANISMS FOR SUSTAINABLE
URBAN TRANSPORT

Typically, the primary source of financing for urban mobility
systems are general city budgets and transfer payments from

the national level.

However, the procurement and operation of new products
and services and the adaptation of existing infrastructure add
to the cost of urban mobility transformation. Public funds are
limited, and private investors are typically unwilling to engage
in sustainable transportation initiatives. Thus, cities must seek
more funds and build business models to attract private sector
participation in urban transport development. In this regard,
this section won't focus on local revenue streams linked to
sustainable urban mobility but on external financing and fi-
nancial instruments (FI) that can boost the funding for the

expansion and delivery of urban services.

Financial instruments that allow project-generated revenues
or cost reductions to cover the debt during the operating term
are required to re-finance upfront investments using expected

future returns [43].

A FI is a contract that generates both a financial asset and an
equity instrument for two different businesses [44]. Financial
assets are defined as "cash, contractual rights to obtain cash or
another type of financial asset, or equity instruments" provid-
ed by other businesses. Financial liabilities, on the other hand,
are contractual agreements to transfer cash or other financial
assets or "to interchange financial instruments with another
business under potentially unfavourable terms." A government,
public institution, or any private organisation may employ var-
ious tools to finance its expenditures. Commonly, financing
instruments are categorised as either debt or equity [45]. The
investing or borrowing entity may define a wide range of rights,

privileges, and constraints within these two broad categories.

In this section, the classification of FIs will follow a broader cate-
gorisation suggested by the European Investment Bank (EIB) in
2018 [46]. Thus, financial instruments can be classified as follows:
o Equity instruments. According to Alexopoulos and
Wyrowski [45], equity instruments, including private equity
and venture capital, comprise ownership interests subject to
divi-dend payments when declared but do not have a right to
areturn on capital. Equity in-struments are used at all phases
of a company's development, with venture/growth capital and
private equity being more common in later stages. Common

stock is the most funda-mental kind of equity instrument.



« Debt instruments or debt financing. Alexopoulos and Wy-
rowski describe debt in-struments or debt financing as gen-
erally characterised as a fixed obligation to repay a particular
sum at a specified future date plus interest [45], which in-
cludes senior debt, project financing, and asset-backed debt.
This section will concentrate on loans and other financial
instruments like the issuance of green bonds [43]. They are
used to fund businesses in their late stages of development
and profitability, when they have solid business models, a
strong balance sheet, recurring revenues, and stable, con-
sistent cash flows to fund interest and principal repayments.

« Hybrid instruments, such as venture debt, mezzanine,
and quasi-equity, combine debt and equity elements, such
as mezzanine financing, venture debt, shareholder loans,
and preferred shares. During a company's growth phase,
hybrid instruments are generally used to secure finance
and assure expansion without jeopardizing the founders'
and current owners' equity.

+ Public and risk-mitigation tools, including grants, gov-
ernment-backed loans and guarantees, and public-private
partnerships (PPPs), are designed to assist businesses in
ex-panding and accessing the funding often provided by
national and EU-level public entities. They enable com-
panies to invest in research and development (R&D) and

expansion by completing private market instruments.

There are several factors to consider when determining which
type of FI to use to finance transpor-tation infrastructure and
services. The planner should analyse the various instruments
that may be employed, and compare their advantages and
disadvantages. Moreover, using alternate forms of finance
for public transportation, such as green bonds, PPPs, and en-
abling local businesses to invest in public transport [47], will

allow them to reap the benefits of increased usage.

As urbanisation and car ownership show rising levels, there
is a crucial need for a stable and robust financing framework

of urban mobility [48].

In this regard, the following section will analyse different FI
and risk-sharing arrangements available in the market and
comment on the adequacy of each of these tools regarding the
urban service models depicted in the section above. The focus
will be on each selected FI's advantages and disadvantages,
together with some actual case examples, with recommenda-
tions. The following are the selected financial instruments and
risk-sharing mechanisms that seek to facilitate the execution
of both private and public projects:

o Public-private partnerships (PPPs);

o Loans;

o Grants;

« Loan guarantees and;

« Green bonds
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5.6.1. PUBLIC PRIVATE PARTNERSHIPS (PPPS)

TABLE 5.6 Analysing the PPP as a risk-mitigation mechanism

Description PPPs are procurement methods that help private sector participation and risk sharing. They must
provide adequate "value for money" compared to traditional public procurement to be effective. In
addition, the proper institutional capacities and processes must be in place.

Advantages Transportation PPP initiatives may deliver infrastructure and services promptly and reliably and

set criteria without needing substantial government capital expenditures. Private providers are
not in danger of contract termination if the infrastructure is developed and services are supplied
following objective standards.

Disadvantages/Barriers

1. In the transportation industry, the drawbacks of a PPP program are generally related to poorly
designed or implemented contracts. A lack of flexibility, inefficient risk transfer, or a low return
on investment can all lead to this scenario.

2. Following Polis (European network for local transport):

e (Cities are demanding more information. There has been little research into the optimal ways
to integrate mobility into the transportation environment;

e Technical difficulties. Cities have experienced difficulties in creating technology solu-tions
for regulating operators, particularly in the parking area.

Recommendations

1. Effective city-private sector collaboration is critical to maximise new innovative mobility
options. PPP frameworks are vital for attracting investment in this area. Following Polis, this
mechanism still encounters several challenges:

e Having a clear sidewalk is critical to building better connections with those who rely on
shared micro-mobility;

e Hybrid systems. People demand flexibility; thus, the best way to offer micro-mobility servic-
es is to combine free-floating and docked services. Better parking and user educa-tion are
also needed.

2. Below are some final remarks based on the outcomes of the POLIS’ Working Group Governance
& Integration:

e When new mobility services are introduced, new governance models are needed, and outdated
models must be examined to ensure their long-term viability;

e The private sector also influences individual mobility behaviors. Reacting to regulatory reforms:
As mobility regulations (such as data sharing) change, agreements must be examined and
amended.

* As new services emerged, COVID-19 experienced the creation of new collaborations.

e SDGS. Stournaras argues that PPPs can help achieve the UN's Sustainable Development Goals.

Examples

1. On car-sharing, parking is a crucial subject as well. According to Dowling & Kent, several
challenging conversations between public and private partners are essential to the success of
car-sharing. The authors' research paper emphasised the need for a designated parking area
accommodating car sharing. For instance, using behavior-change techniques and launch-ing
public awareness campaigns may persuade locals to start carpooling. Parking is a crucial
component of car sharing's sustainability strategy. Dowling and Kent used various car-shar-
ing examples from their research to illustrate the potential for a private supply of sustainable
transportation.

2. On ride-hailing. A 2018 survey of 44 public transit agencies in 22 states was examined by
Kortum (2021). The study concentrated on the nature of coordination efforts made by transit
agencies with ride-hailing companies. More information on the results of the study here [53].

3. On micro-mobility. The previous author suggested that the Transit Cooperative Research
Program (TCRP) is studying pilot projects by transit agencies to collaborate with cities and
micromobility providers to promote first/last-mile linkages to transit.

Source: compiled by the author using data from UNECE [45], G. Ang and V. Marchal [49], Polis; Y. Stournaras; and K. Kortum [50]-[53].




Figure 5.6 Types of Public-Private Partnerships
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5.6.2. DIRECT LOANS (SENIOR DEBT)

TABLE 5.7 Analysing direct loans as a FI for urban transport services

Description Loans are defined by Fi-compass, a platform for advising services on financial instruments under the Eu-
ropean Structural and Investment Funds (ESIF), as an agreement wherein the lender pledges to make a
certain sum of money available to the borrower. This sum of money is designed for a set duration of time.
The borrower promises to repay the amount within the period specified in the loan agreement.

Advantages In some instances, the loan can finance the entirety of the desired investment, while in others, the loan

can be leveraged through other mechanisms (equity, leasing, etc.).

Disadvantages/ Financial
Barriers

1. The primary financial impediments to direct lending are the high interest rates in some coun-tries
and the lack of a flexible repayment schedule.
2. Creditworthiness, collaterals, and borrowing capacity of the municipality.

Recommendations

1. In line with the EIB, grants and public loans are critical in enabling the business to take off and
supporting R&D and development across all models [46]. When business models are established, and
companies generate consistent, positive operating cash flows throughout the profit phase, public debt
instruments become essential, including intermediated loans, direct loans, and project finance.

2. Long-term loans should not be taken out in hard currency due to the high costs associated with
potential exchange rate fluctuations.

3. Cities must improve the access and strengthen local credit markets.

Real case examples

1. The EIB outlines in its research the suitability of public loans and subsidies for creating vari-ous
Innovative Transport business models, such as the Usage-Based Payment business model. In this
context, service providers are primarily focused on the Usage-Based Payment business model,
which includes a wide range of mobility services. With businesses like Uber, Lyft, and BlaBlaCar,
they are highly active in the sector of ride-sharing and ride-pooling.

2. Another example is the EIB's specialized programs focusing on climate-friendly transport, sustain-
able and safe mobility, and innovative solutions. The EIB provides long-term invest-ment financing
for significant transportation projects worth at least €50 million. EIB loans can pay up to 50% of
project expenses, or €25m. However, smaller projects may be bundled under one framework loan to
meet the requirement.

3. The European Fund for Strategic Investments (EFSI) aims to raise private financing for high-risk
projects, such as transportation. The EFSI offers loans and guarantees, among other Fls.

Source: compiled by author using data from European Investment Bank; V. T. Stephanie Nour and Pierre Langlois of Econoler, Bruce Hedman; X. Zhu,
C. C. Hernando, and R. R. Dusa [55]-[57], European Investment Bank [46], T. H. Daniel Platz and S. S. Vito Intini [58], S. Werland and F. Rudolph [43].
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5.6.3. LOAN GUARANTEES

TABLE 5.8 Analysing loan guarantees as a FI for urban transport services

Description A guarantee is defined as a formal agreement to assume whole or partial responsibility for a third party's
debt or obligation. Alternatively, if an event, such as a loan default, occurs that triggers such a guarantee
for the effective processing of those third parties' obligations.

Advantages According to the European Commission, guarantees (issued by governmental, commercial, or mutual
guarantee organisations) can compensate for the lack of collateral or creditworthiness by reducing the
risk to the bank and helping small businesses secure loans from banks.

Disadvantages/Barriers Criteria used by commercial banks to assess creditworthiness

Recommendations In line with the EIB, grants and public loans are critical in enabling the business to take off and support-
ing R&D and development across all models[46]. 66 % of the firms interviewed have used or plan to use
grants, primarily at the seed stage and, to a lesser extent, in the growth stage. Seed-stage businesses are
usually supported by public grants and guarantees from the European Commission or state programs, seed
money and angel investments.

Real case examples 1. The Connecting Europe Facility (CEF) is a fund for pan-European infrastructure investment in transport,
energy, and digital initiatives. Grants, financial guarantees, and project bonds are used for financing.

2. The Cleaner Transport Facility was launched in December 2016 by the European Commission and
the EIB. The Facility supports investments in alternative fuel public transportation fleets and infra-
structure. It combines lending, funds, guarantees, advisory services.

Source: compiled by author using data from European Investment Bank [55], European Commission [59], X. Zhu, C. C. Hernando, and R. R. Dusa [57],
European Investment Bank [46], S. Werland and E. Rudolph [43].

Figure 5.7 Example of a Partial Loan guarantee for an Energy Efficiency (EE) project
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5.6.4. GRANTS

TABLE 5.9 Analysing grants as a FlI for urban transport services

Description According to the literature, grants are donations from one entity (usually a business, foundation, or govern-

ment) to another organisation (usually the grant recipient).

Advantages 1. They are non-repayable.

2. They boost credibility.

Disadvantages/Barriers 1. Public grants and other public financing exist but they are often not geared towards the fast-paced
and often service-based Innovative Transport sector.

2. Following EIB (2018), Grants were employed less frequently than in the Product Sales sector,
reflecting their frequent inadequacy for mobility services and the Usage-Based Payment industry's
rapid expansion objectives.

Recommendations 1. It is crucial that grants are adaptable in terms of the project's outcome: mobility service providers, in
particular, operate in an ever-changing environment and frequently need to ad-just and adapt their
business models or style of operation in response to market feedback and competition.

2. Accelerate the development of charging infrastructure by combining grants and flexible debt.

3. Seed-stage businesses are usually supported by public grants and guarantees from the Eu-ropean
Commission or state programs, seed money and angel investments.

Real case examples 1. The European Commission is planning to open (by 2022) a grant scheme for projects con-tributing to the
deployment of new and shared mobility services. More information here.

2. The Global Environment Facility (GEF), a large multilateral trust fund, has lunched the Global Electric

Mobility Program in 2019. The program assists over 50 countries in developing ca-pacity, e-mobility
strategies, roadmaps, business models, and financing schemes, establish-ing e-mobility policy frame-
works, and preparing for the environmental sustainability of elec-tric mobility and piloting electric
vehicles on the ground. More information here.

Source: compiled by author using data from European Investment Bank [46], T. H. Daniel Platz and S. S. Vito Intini [58].
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5.6.5. GREEN BONDS

TABLE 5.10 Analysing green bonds as a FI for urban transport services

Description

1. A green bond is a debt instrument that can be used to finance projects within adaptation and mit-
igation to climate change. Bond proceeds are allocated to initiatives that, following predetermined
criteria, help the environment, such as low-carbon transportation. Any entity that has never issued a
bond but has a reasonable prospect of being creditworthy may issue a green bond.

2. The issuer of a bond establishes a fixed annual interest rate and repayment schedule before selling
the bonds to creditors. Bondholders obtain a guarantee that interest and principal will be repaid on
a timely basis.

Advantages

1. Bonds generally have a lower risk profile than equity securities due to their fixed returns and pre-
defined maturity dates. This increases the attractiveness of bonds for institutional investors such as
pension funds and insurance companies, who value predictability, consistent payouts, and capital
preservation. Bond purchasers benefit from tax exemptions in a number of countries.

2. Green City Bonds can provide cities and municipalities with low-cost money to finance climate-
friendly initiatives. Additionally, they can give additional benefits such as a broader and more
diversified investment base, more favourable economic terms, stronger branding, media attention,
and increased citizen engagement.

3. Investor demand for green bonds is considerable, as they are frequently oversubscribed.

Disadvantages/Barriers

In line with KPMG, issuers and investors can reduce risks that might otherwise reduce the green bond's
financial attractiveness by ensuring that it is properly designed and the right due diligence is in place.
Some of the most frequent difficulties in the market for green bonds include the following:

1. The absence of a universal definition of "green." There is no widely acknowledged definition of what
constitutes a bond being "green" or "not green." As a result, KPMG specialists advise bond issuers to
establish rigorous green criteria in order to maintain investor trust and ob-tain funding;

2. The requirement to understand how bond revenues are used.

3. 'Greenwashing'. Bond issuers incur reputational risks if the expected environmental ad-vantages are
not accomplished. If the issuer violates agreed-upon green clauses, investors may demand penalties;

4. The complicated green bond scene. Navigating this environment with so many distinct green bond
principles and standards available, ranging from the Green Bond Principles to green bond indexes
and sector-specific standards, can be difficult and takes in-depth competence.

Recommendations

According to Ang and Marchal, this FI can attract institutional investors such as pension funds and
insurance companies by tapping into the debt capital markets currently underutilised for green infra-
structure investment. Bonds continue to be the most popular asset type in pension funds (50%) and
insurance firms' (61%) portfolios throughout OECD nations.

Real case examples

1. LeasePlan, a global fleet management company, launched the Green Finance Framework for Clean
Transportation on March 2020. This approach enables the issuance of Green Bonds to finance and/or re-
finance "Eligible Projects" that fit under the "Eligible Category" of Clean Transportation. Projects including
battery electric vehicles (BEVs), particularly micro-mobility vehicles, are referred to as eligible projects.

2. The Community of Madrid is one illustration of a region issuing green bonds. The Community of Madrid,
which issued 1,250 million euros worth of sustainable bonds over ten years, occupied the top spot in
Spain for sustainable bond issuance in 2020. Therefore, the 700 million euros obtained through the sale
of green bonds in 2020 made it easier to execute clean transportation policies, such as the creation and
use of electric vehicles and charging stations, as well as the use of bicycles and public transportation.

3. Climate Bonds Standard and Certification Scheme is a bond labelling and certification scheme. Strict
scientific criteria ensure that it is compliant with the Paris Agreement's 2 degree Celsius warming limit.

Projects involving public transportation, such as bicycle transportation and vehicles powered entirely by
electric motors or hydrogen fuel cells, are automatically qualified. More Information here: https://www.
climatebonds.net/about

Source: compiled by author using data from The World Bank; E. Campiglio; KPMG; and Sustainalytics [60]-[63], S. Werland and F. Rudolph [43], G.
Ang and V. Marchal [49], LeasePlan; Comunidad de Madrid; and Consejeria de Hacienda y Funcién Piblica [64]-[66]
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5.7. CONCLUSIONS FOR THE FINANCIAL
INSTRUMENTS AND RISK-MITIGATION MECHANISM
WITHIN THE SUSTAINABLE URBAN TRANSPORT
LANDSCAPE

Prior sections have covered various financial instruments and
mechanisms and their associated benefits and drawbacks. Yet,
some actions can be made to boost private investment in sus-

tainable urban mobility:

1. Expand the number of investors. Include institutional in-
vestors such as pension funds, in-surance companies, and
banks, which have limited capacity to provide long-term
financing. Climate investors can bring in new funding.

2. Develop a comprehensive investment portfolio rather than
focusing on individual initiatives. To pique the private sec-
tor's interest, establishing a program with scalability in mind

is crucial rather than developing a single initiative. [67].

Also, some suggestions to accelerate the access to finance in

the urban mobility scene are presented below:

1. In terms of financial instruments, credit upgrades and
guarantees may reduce eco-nomic and political risks that
discourage the private sector. [68];

2. Public-private partnerships can promote the sharing of
information, resources, and risks;

3. Competitive advantage and value proposition act as en-
ablers in attracting strategic in-vestment;

4. Innovation and a readiness to question industry standards
to support mobility's future;

5. Incorporate new technology and business models to en-

courage sector transfor-mation.

Nonetheless, external factors such as a weak financial infra-
structure or structural and legal issues that have limited the
growth of nonbank financial institutions, instruments, and
markets may impact access to financing. These elements,

however, are not covered in this book.

Finally, to guide the identification of suitable financing meth-
ods for municipal services projects, the Annex will provide a
decision tree to advise municipal decision-makers. Addition-
ally, any other stakeholder involved in implementing sustain-

able urban services can also benefit from the decision tree.
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Annex: Decision tree for municipal sustainable that are suitable for all projects in all member states. An ad-
urban transport financing equate combination needs to be defined case-by-case, de-

pending on factors such as the size and nature of the project,
This module has shown that there are many funding and fi-  the municipality’s budgetary situation, legal competencies of

nancing options for supporting sustainable urban mobility. cities, or the availability of funding sources from the regional,

Still, there is no one size fits all combination of instruments

national and European level.

TABLE 5.11 Decision tree for municipal urban services project financing

Issues/

Situation
challenges

Action

Financing mechanism

donors or from national
governments?

finance entire project | cation

Does the municipality have Allocation of funds Prepare grant appli- General budget financing
enough budget to finance from the budget cation

the mobility service project?

Are grants available from Grants may not Prepare grant appli- Partial budget financing

and partial grant

Are funds available from
national government?

Funds may only pro- | Apply for national funds
vide partial financing

Budget capture

Does the municipality have

Eligibility criteria for | Apply to the selected

International /European

LRI
33343

You cannot finance the project
without externalising the
finance from third parties.

Do you want to continue and
explore this possibility?

level

profitability and risk risk sharing, contractu-

al aspects and duration
of the project

access to interna-tional funding the fund fund funds
programmes?
Are commercial banks willing Creditworthiness, Review eligibility for Loans or risk guarantee
to offer dedicated loans/or collaterals, and these mechanisms programmes
risk-sharing programmes? borrowing capacity of

the municipality
Does the municipality have Criteria used by Access credit lines or Loans or risk guarantee
margin in the balance sheet commercial banks risk-sharing pro- programmes
to incur in debt? to assess creditwor- grammes

thiness
No options available for financing

The project value Agree on the terms of PPPs

Does the municipality have
the capacity to issue municipal
bonds? / Can the bonds be

certified with a "green label"
by an independent institution?

'3

costs

The market for such Develop municipal
bonds, transaction bond/green bond pro-

gramme

Green bonds

Source: adapted by author from [57].
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Module 6. Demand projections

6.1 POPULATION PROJECTIONS AND CITY SPRAWLING

The number of people living in the city or city zones in the
study area influences transport demand. Population forecasting
is more than just estimating the number of people because the
composition of the population in terms of age and sex structure
will influence the transport demand. For example, the number
of trips to work can depend upon the number of workers in the
population, which is a function of the number of economically
active people. This varies by age and sex. Consequently, a fore-
casting method that estimates separately for age and sex groups

is likely to be better than one that treats the population in total.

The simplest method is to extrapolate by assuming that the
past growth rate (or decline) will apply in the future. Thus:

Trend Extrapolation,
P(t+i)=gP(t)

Where P(t) is the population at the time t and g is the growth rate,
iis the number of years for which the population is being projected.

The method could be applied to the whole study area, or separate
growth rates could be applied to sub-populations, either by area
or by age and sex group. This simplistic can be good for quick
population projections; however, the method is unlikely to be
very satisfactory because it ignores the effects of changes in the

housing pattern and provides no behavioural explanation.

Population projections are made in some countries and can be
used as the basis of forecasts in a transport model. For example,
in India, the Office of Population Censuses and Surveys makes
projections for various spatial disaggregations, including local
authority areas. As discussed below, the method used is a form
of cohort survival method, using suitable assumptions about
birth, death, and migration rates. An accounting model based
on the components of population change is commonly used for

demographic forecasting. The basic equation is:

P(t+i)=P(t)+b(t,t+i)-D(t,t+i)+I(t,t+i)-O(t,t+i)

Where P(t) is the population at time t, B(t,t+i) is the number
of births in the period t to t+i, D(t,t+i) is the number of deaths
in the period t to t+1. I(t,t+i) is the number of in-migrants in
the period t to t+i, O(t,t+i)is the number of out-migrants in the
period t to t+i

Data on births and deaths are available from registration re-
cords in most countries and can be used in the form of rates.

For example:

Where b is the birth rate then B(t,t+i) = bP(t)

The birth rate can be disaggregated into age groups and applied
only to females to increase the accuracy of the model. This type
of rate is used in the cohort survival model, and only births
and deaths are considered. Deaths are considered in terms of
survival, that is, not dying. The model is based on the concept
of cohorts, which is the population in an age group. If the initial
population in each group is known, the number of people sur-

viving in the next group is found using a survival rate:

P_(n+1) (t+i)=sP_n (t)

Where s is the probability that a person of age n at time t will

survive to reach age n+i at time t+i.

B_n (t,t+i)=b_nP_n (t)

Where Bn(t, t+i) is the number of births in the period t to t+i to

women aged n at time t.

The model can be formulated in matrix terms. This model
would generally be carried out for males and females sepa-

rately since only the latter give birth.

6.2 INTEGRATED PLANNING FOR GREEN AND
ENERGY-EFFICIENT TRANSPORT

The urban planning implications of the built form and trav-
el behaviour relations are key to developing integrated green
and energy-efficient transport planning. Urban Planning and
management of cities require urban planners to make de-
cisions that can be implemented at different scales and for
different time horizons. For urban development and manage-
ment organisations to undertake informed decisions, the basic
information needed will flow from observed ground realities
and derived from empirical evidence from studies. This evi-
dence bridges the knowledge gap and provides a key direction
that would enable decision-makers to evaluate existing built
form policies/plans or formulate new policies/plans. These
plans and polices would lead to the desired impact on vehicle
distance travelled and modal choices. As shown in Figure 6.1
to formulate policies, the basic information needed is on the

interaction between built form and travel behaviour [1].
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Figure 6.1 Built Form - Travel Behaviour Relation and Municipal Urban Planning and Management Pyramid (adapted from [2]in [1].
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As shown in figure 6.1, the information derived from empiri-
cal studies is converted into specific policy statements, which
essentially underline what kind of built form should be pro-
moted for green and energy-efficient transport development.
The information leads to overall urban development strategy.
In many cases these strategies aim to promote polycentric
development, concentrate all other built-form around it, and
improve access to the destination with green and energy-effi-
cient transport modes. These are then assigned action by as-
sociating the existing planning tools and mechanisms that can
be used to achieve these strategies. In the end, these indicators

also need to be monitored and regulated.

The green and energy-efficient transport scenario preparation
follow a back casting approach where the aim is to achieve low
carbon and energy-efficient mobility. Given the ground real-
ities, the task here is to identify options of suitable measures
and their integration to get an overview of different options

that could contribute to the overall vision.

Control Regulations

In the context of developing countries, it is important that the
green and energy-efficient scenarios also assume an increase
in motorised transport to some extent, which is inevitable
given the low level of motorisation. Therefore, emphasis is
also placed on improving technology in terms of efficiency
and emissions. Based on the empirical evidence and strategies
adapted in cities that are more advanced in adopting sustain-
able transport strategies, the key strategies can be typically

classified into four categories, namely:

Green and energy-efficient transport strategies can be based on
actions that i). avoid travel, including measures to reduce trip
lengths or the number of trips; ii) facilitate the shift to more
efficient low carbon modes, including public transport and
non-motorised transport and iii) switch to improved and clean-
er fuels and modes for, e.g., electric/hybrid vehicles, biofuels,
etc. (Figure 6.2). The low carbon scenarios analyse each of these
strategies individually and collectively. How these strategies can

be incorporated is discussed in the following sections.



Figure 6.2 Exploring energy efficiency in transport options
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Urban Structure (Land use and planning)
Based on empirical evidence (Ewing and Cervero, 2010, Mun-
shi, 2013), in this scenario, the following aspects are modelled

and tested for their impact on transport emissions.

1. Restricting the development area of the city

2. Increasing density of jobs (polycentric development) and
population.

3. Improving mixing of land use.

4. Size of development block

The evidence shows that the above-stated measures will help
to shorten trip lengths and encourage higher use of public
transport and non-motorised modes. The changes in zoning
regulations and floor area ratio (FAR) include some planning
and regulatory measures, which can help achieve higher den-

sity and compact development.

Non-Motorised Transport Infrastructure
Improvements in NMT user experience by enhancing footpaths
and bicycle lanes can improve NMT user experience while also

addressing improvement in safety and accessibility for pedestri-

Free recharging for electric
vehicles

Subsidies for hybrid/full EVs
Vehicle scrappage programs

ans and bicycles. Reducing barriers and impediments on roads
to improve bicycle safety is another aspect considered. Reduced
conflicts between non-motorised and motorised modes on

roads can result in a small increase in bus speed.

Public Transport (Infrastructure)

The public transport scenario includes NMT, as any public transit
trip includes a component of NMT for access and egress. Since
many cities in developing countries lack a reliable bus service,

two kinds of scenarios for public transport may be considered:

Technology

Technology changes include changes in vehicle technology,
including changes in efficiency or alternate vehicle technol-
ogies, including biofuel, hybrid, or electric vehicles. Changes
in vehicle technologies are influenced by national policies.
However, cities can facilitate greater adoption of low carbon
and cleaner technologies by providing supporting infrastruc-
ture (e.g., EV charging stations), through incentives (free
charging, subsidies), and by incorporating these in exist-

ing land use plans and regulations (e.g., urban guidelines).
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Cities can restrict the use of old polluting vehicles through finan-

cial assistance and set up effective emissions monitoring systems.

Regulatory and Financial Measures

A range of measures can be undertaken to facilitate the shift
of people from private transport modes to sustainable urban
transport under a regulatory and financial measure scenar-
io. These measures try to internalise the cost of externalities
imposed by private vehicles. Such measures include parking
policies, congestion pricing, registration tax and carbon tax.
These are incorporated in the model in the form of increased
generalised cost of travel by private modes. As an example, de-

scribed below is the approach for modelling parking policies.

Parking Policies (Economic instruments + regulations)

Parking is generally low-cost, but not free, in most developing
cities. As a result, there is no disincentive for owners of private
transport modes like cars and motorised two-wheelers to stop
using them to get from one place to another. Instead, there are
plenty of incentives to keep using them, as they offer a high

amount of personal mobility.

In this scenario, infrastructure improvements are made for
pedestrians, bicycles, public transport, and increased parking
costs. To implement robust on-street parking management and
enforcement system, the cities must regulate on-street parking
spaces. The existing parking management system, including cur-
rent earnings and expenditures, operational systems, and public
perception, must be documented, assessed and improved. An
expanded and improved parking management system can help
efficiently allocate road space, generate revenue for sustainable
transport projects, and encourage a shift to more sustainable
modes. In the four-step model, these should increase the gener-
alised cost of travel of motorised modes compared to NMT and
PT modes, favouring the use of NMT and PT modes.

Demand for transportation and impact on energy demand
The transport sector is one of the fastest-growing contribu-
tors to global energy consumption and carbon dioxide (CO2)
emissions (IEA, 2017). Even though technology solutions can
lead to lower energy consumption, travel behaviour and de-
mand have to be modified or managed concurrently in order
to achieve desired energy efficiency in transport. Managing
transport demand also becomes important as a problem
concerning most urban areas is the constant increase in the
number and use of passenger cars, very little or inefficient
public transport system, and lack of infrastructure to support
non-motorised transport. In many cities, it is very difficult to
change the transport supply as specific constraints exist (e.g.,

limited space for new infrastructure) and budget availability.

Therefore, extensive effort has been made to achieve energy
efficiency in transport through the implementation of de-

mand management strategies.

Broad transportation reforms are required to influence trav-
el behaviour and thereby manage transport demand, either
in the form of modal share or travel distance, through land
use, urban design, planning, and pricing policies. The energy
consumed by transport is directly related to the total distance
travelled, mode choice, and energy intensity of the chosen
transport mode. As discussed in other sections, advanced ve-
hicle technology and alternative transportation fuel can solve
a significant part of the problem. However, how total trans-
portation activity is formed, the distance travelled, or certain

transport modes are also key to transport energy demand.

Studies have shown that external factors could influence trans-
port demand, such as land-use planning ([4, 5]; while mode
choice is often determined by discrete individual preferences
that could be shaped through pricing strategies ([6] or gov-
ernmental regulations. Pricing strategies, for example, vehicle
taxation or insurance, fuel types, such as fuel taxation and fee,
the use of transportation infrastructures, such as road, toll,
and parking pricings, or even distance travelled through VMT
taxation can be applied. Other policies and measures include
providing transit incentives, employer-based transit and shut-
tles, the creation of ridesharing programs, encouraging walk-
ing, and bicycling, and developing flexible work schedules that
include telecommuting. These measures can be categorised as
transportation demand management (TDM) measures. Several
innovative TDM measures have also been developed over the
past few years, focusing on the use of technology to influence
travel behaviour by creating mobile phone applications that
can provide more information on each mode choice and other
travel decisions. Such measures have also created economic in-
centives to reward less energy-intensive transportation choices,

such as transit, carpooling, walking, or bicycling.

Transport demand management measures that are land use
intervention, improvement in non-motorised transport infra-
structure and improvement in public transport systems were
tested for the city of Rajkot in India [7]. The first step was to
estimate the mix of vehicles in the business-as-usual scenario
for 2031, their use, and energy consumption. The fuel used for
the base year and horizon year of 2031 in the BAU scenario is
presented in Table 6.1. It was found that there is a significant
increase in trip rates and a steep rise in the use of two-wheel-
ers and cars, and the consumption of petrol, diesel, and gas is

likely to multiply almost ten times by the year 2031.



TABLE 6.1 Vehicle type and fuel consumed

Fuel consumed (million litres or million kg)

Fuel consumed (million litres or million kg)

Vehicle type 2011 2031
Petrol Diesel Electricity Petrol Diesel Electricity
2Ws 9.80 0 0 96.45 0 0
Cars 5.61 4.89 2.45 39.34 34.34 17.17
MUVs 0.18 0.57 0 1.68 5.37 0
Taxis 0 0.22 0 0 1.49 0
3Ws 0.04 0.46 0.81 0 0 4.07
Buses 0 3.51 0 0 41.35 0
'S 0 4.25 0 0 21.94 0
LDVs 0 1.59 0 0 7.97 0
Total 15.62 15.50 3.26 137.47 112.46 21.24

Analysing the relationship between land use and how individuals
travel in Rajkot, it was found that accessibility to jobs, polycentric
development, and a balanced jobs-housing ratio encourage indi-
viduals to travel and use NMT and PT modes. Thus, a strategy is
proposed that ensures increased accessibility to jobs and polycen-
tric development with major and minor nodes. The major nodes
would have a Floor Space Index (FSI) of 4 and minor nodes an
ESI of 2.5. These nodes will have a good land use mix, ensuring a
balanced job-housing ratio. As a result of this strategy, it was pro-
jected that the share of the public transport mode would increase
to 22 per cent, and the estimated average trip length would drop
to 3.9 km from the 6.0 km of the BAU.

In the NMT strategy, it was proposed that on all major roads, and
on roads where demand for walking is high, footpaths greater
than 2m wide will be provided. By doing so, it is estimated that
the NMT share will hold its current share of 48 per cent going
into 2031, rather than decrease to 29 per cent as under the BAU

scenario. Potential dedicated bicycle routes were identified in ar-

TABLE 6.2 Energy Saving from TDM measures in Rajkot

Private
Auto-
mobiles

PA'S

eas along all major roads where individuals stated they would
prefer using bicycles if dedicated corridors were provided. As a
consequence, the bicycle share in LCS is projected to increase
from the current five per cent to 12 per cent. Overall, it was found
that a significant number of trips (including all short trips, edu-
cational trips, and some of the work trips) would shift to NMT,
thus decreasing vehicle use and, in turn, reducing CO:z emissions

by 41 per cent in comparison to the BAU scenario.

A three-stage approach was adopted for the public transport
strategy. This included the use of lower-capacity buses on
routes that have low public transport demand, city buses on
roads with sufficient demand, and BRT on corridors where
the city bus service is unable to cater to demand even if it is
run at a higher frequency. But adopting this strategy, it was
projected that the combined trip share of public transport,
including BRT, would be 29 per cent, and the motorised mode
would significantly decrease to 27 per cent. As can be seen
in Table 6.2 this strategy results in a 47 per cent drop in CO2

emissions in comparison to the BAU scenario.

Fuel consumed (million litres or million kg)

2011 2031 (BAU) 2031 (Land use) 2031 (Land use+NMT)

2031 (Land use+NMT+PT)

Cars

Total

% of BAU

% of 2011 700.82 | 466.09
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Module 7. Big data, social analytics and Planning energy-

efficient transport

"Big data refers to data sets whose size is beyond the capabilities
of typical database software tools to capture, store, manage and
analyse” [1,2]. Another definition is big data "describes a new
generation of technologies and architectures, designed to extract
economic value from a very large volume of a wide variety of data,
with a high-speed data capture, discovery, and/or analysis, result-
ingin the 4 V's of Big Data (value, volume, variety and speed)"[3].

These massive datasets are available because of recent advances
in information technology. There is an exponential increase in
(a) telecommunication bandwidth that connects a network of
(b) centralised and decentralised data storage systems, which
are processed thanks to (c) digital computational capacities.
The digital footprint created by this enormous data exchange
has created a plethora of opportunities to find alternative low-
cost data sources. These by-products of digital technology have
shown immense potential to replace traditional data sources
(like surveys) with proxy indicators that correlate with the
variable of interest. These data sources can be called by-prod-
ucts and have shown prospects of replacing official statistics.
Because the data come from a by-product of some other in-
tended use, the Data sources are not produced as a result of a
specific research question, unlike most traditional data sources.
As such, Big Data often requires interpretation after the event
rather than prior to it. The term big data was first used a couple
of decades ago in the corporate world, but it is increasingly used

for the benefit of civil society, especially in the transport sector.

Big data related to transport is generally referred to as struc-
tured or unstructured data generated naturally due to activities
in transportation usage such as transactional, operational, plan-
ning, and social activities. According to the literature review, the
sources of Big Data in transportation can be identified as tradi-
tional or new ones [4]. Traditionally sources include structured
(data with fixed formats and schema that have fixed fields) and
semi-structured data collected (Data that does not have fixed
formats, but does contain labels and other markers), by Intelli-
gent Transportation Systems (ITS): smart cards data, GPS data,
videos and images. New potential data sources include such

sources of non-structured or semi-structured data as:

» Data collected from social media.
o Open Data.

« Data collected by roadside or car sensors.

Data collected from social media

Social media are a set of Internet-based applications that are
grounded in the idea of Web 2.0 (which allows for dynamic
or user-generated content). Ellison and Vitak [5] listed three
aspects to define social media that they referred to as "social
network sites" as web-based services: Individuals are allowed
to create their public or semi-public profile. These individu-
als can connect to others to form a network. These individuals
can view and relate to other users and their activities, which
are publicised in their network. The most common big data
applications for social media are trend discovery, social media
analytics, sentiment analysis, and opinion mining. For instance,
social media assists organisations in obtaining customers' feed-
back regarding their products, which can be used to modify
decisions and to obtain value out of their business. In transport
planning, this can influence the choice of a particular mode
of transport, for example, non-motorised transport or public
transport. Most of the existing approaches to social media big
data analysis rely on artificial intelligence and use machine

learning techniques like clustering and deep learning.

As stated earlier, the data is not collected to answer a particu-
lar question. Big data collected from social media are useless
until properly utilised to drive decision making by turning a
huge amount of social data into meaningful insights. Figure
7.1 shows the processes for data collected from social media
sources. Storage technologies that can handle a large amount
of data are required. Some examples are HDFS, Hbase, Cas-
sandra. Data collected from social media has a lot of noise
(irrelevant information) and can contain a lot of inconsistent
data; therefore, a lot of data cleaning and processing are re-
quired. This can be done using technologies such as Spark,
Hadoop, and Mesos. The processed data is good enough for
a transport policymaker to use and analyses for taking deci-

sions to decarbonise transport.
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Figure 7.1 Processing social media big data for decarbonising transport

Data Integration |

and Cleaning

Social Media Oa

The data from social media can be structured, semi-struc-
tured, and unstructured data, such as Microblogging, news
articles, blog posts, internet forums, reviews, and Q&A posts.
The massive amount of data generated by users is the result
of integrating their background details and daily activities
on several social media platforms. All the statuses, tweets,
comments, posts, and reviews are user-generated content.
User-generated content is a type of data that typically refers
to images, text, and videos. This content comes from regu-
lar people and not necessarily in a standard form. Therefore,
various quality distributions of user-generated content occur,
which range from high-quality to low-quality things, as the
data generated by social media sites are naturally fuzzy and
unstructured. All these data may incorporate the users' per-
sonal opinions, behaviours, and thoughts, which makes ex-
tracting high-quality information from such data increasing-
ly important. This data is processed using machine learning
tools and social analytics tools to understand individual pref-
erences towards transport, current use of transport modes,
and choice riders who can be targets for low carbon transport
strategies leading the implementation of strategies which will

result in energy savings.

Open Data

The purpose of the concept is to make public service data open
and accessible to everyone to promote its use without restric-
tions or other mechanisms of control. Therefore, open data is
characterised by how it is stored and for what purpose. Data
from various sources can be distributed as Open Data, so long
as they are free of barriers to use, access, and cost (as described
above). Open Data often consists of large datasets from scien-
tific and governmental sources (including Big Data), although
these data only become Open Data if their owner(s) decide to

release and distribute them in such a manner. Thus, most data

Dataviarahouse Decarbonising

Transport

could be made Open, but that is not always desirable or even
legal, given ownership, intellectual property, and privacy con-
siderations. Open Data has three fundamental characteristics.
First, it should be accessible over the Internet and be interoper-
able (having a free license restriction on use and distribution),
and capable of being used by computers and reused by various
applications or systems, in addition. They are not personal or
individual data of the organisations, but rather of the products
offered and achievements translated into benefits for the users
of those services. They can be stored in electronic sheets (xls,
csv, cal, odt, json, and preferably in RDF format) that trans-
formed are exposed, or published on the Internet in a format
that generally corresponds to tabular tables grouped in control
panels to facilitate their understanding. Once the tables are

published, they can be “downloaded” or saved.

Thus, the philosophy of Open Data is defined as information
displayed on the Web in a tabular format of numbers, statis-
tics, metrics, micro, and macroeconomic data, geo-referenced
or not, on all kinds of topics, without intellectual property

restrictions or access control mechanisms.

The initiative to open data to disseminate knowledge, activ-
ities, accountability, and transparency was born by the po-
litical agendas established in Europe and the United States
in 2009 to promote transparency and reuse of Public Sector
data In the US, the government of President Obama promot-
ed the opening of data, followed by the UK (http://data.gov.
uk/data), then other European countries such as Spain http://
datos.gob.es/datos, in Latin America: Chile (http:// datos.gob.
cl/), Uruguay (http://datos.gub.uy ), Brazil (http://dados.gov.
br ), Colombia ( www.datos.gov.co ), among other countries
in the world. A world catalogue of Open Data can be accessed

at: http://datacatalogs.org/.
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In many countries, there are good examples of open data from
public transport and other sources supporting mobility ser-
vices; these new services now hold journey datasets that can
support decision-making about other transport infrastructure
and operations, for example, in the UK. However, breaking
the barrier of consistency, interoperability, and making trans-
port data open source might still require collaboration and

investment across the sector.

Sensor Data

Sensors constantly monitor the main constituents of a trans-
port system: vehicles, infrastructure, and people. The use of
the sensor in vehicles has increased enormously; cars had
practically no sensors back in 1970; four decades later, an
average car had from sixty to a hundred sensors on board.
Typical sensors in a car monitor almost all information pos-
sible about the hardware (fuel consumption, engine perfor-
mance, on-board diagnostics), driving (acceleration, braking,
turning, speed), position (GPS), and environment (cameras,
ultrasonic and radar/lidar in automation, advanced driver-as-
sistance systems, etc.). In addition to vehicle sensors, there are
Infrastructure sensors. Over the years, sensors have become
relatively inexpensive. As a result of significant cost reduc-
tions and ongoing technological advancements, sensors are
now common in the transportation system. They are utilised
for parking, weather, road surface pollution, and intelligent
traffic control systems (inductive loops, cameras, and radar
sensors) (free parking lots, parking management). There are
also sensors that individuals carry, like mobile phones, and
wearables. Many of the sensors in cellphones and wearable
electronics are helpful in the context of mobility (GPS, Accel-
erometer, Gravity-Motion detection, Gyroscope, Linear Ac-

celeration, Magnetic Field, Orientation, Rotation Vector, etc.).

With the help of this data, researchers have been able to better
understand how people choose their modes of transportation
on a daily basis or how they use their preferences to provide

services like personalised mobility services.

The potential of hig data use for energy efficiency in

transport

For the transition from private to public, non-motorised

mode choice and adaptation of technologies the following

question need to be answered.

1. Are the urban planning strategies of densification (jobs,
opportunities and residences) working, and what factors
affect residential and commercial location choices

2. Has the demand for public transport increased, which so-
cioeconomic groups are likely to use the public transport
system, and what factors affect public transport choice

3. Has the demand for non-motorised transport increased,
which socioeconomic groups are likely to bicycle and/or
walk, and what factors affect non-motorised vehicle choice

4. Have devices and technology led to substitution, where
devices decrease travel

5. Has telecommunication made travel more efficient and in-
fluenced the choice of particular modes

6. What socioeconomic groups are likely to purchase electric
vehicles, and what are the factors influencing the purchase
of electric vehicles

7. What factor will influence the shift of cargo from road to
the electric train

8. Consumption of fossil fuel

As mentioned in section 3, parallel to small data (available
from conventional sources), the prevalence and rapid rise
in ICT technologies have enabled the collection of a massive
amount of data, resulting in many studies on human behaviour
and movement. Figure 6.2 shows mobile phone and call data
records, smart card data (if used to access public transport),
and geo-coded social media records that allow an understand-
ing of mobility behaviour to an unprecedented level of detail
and help answer the first seven of the eight questions asked
above. However, simply observing is not particularly helpful
for planning purposes. To allow for prediction in what-if sce-
narios, we need to understand and contextualise the infor-
mation contained in such Big Data sources to inform travel
behaviour models and adapt them to be useful in modelling

frameworks to implement energy efficiency in transport.
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Figure 7.2 Transport attribute data using big data from mobile phones
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In most countries, mobile penetration is high. Therefore, data
from mobile phones can become a potential big data source
for extracting mobility-related information that can feed the
transport model as input and validate the outputs. As shown
in figure 7.2, data types are mainly used by researchers from
mobile phone data, these are event-driven data, and second
is network-driven data; most research has used event-driven

data for transport modelling studies. The transport model re-

Figure 7.3 Transport attribute data using big data from social media
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have used many rules to extract the origin-destination (OD)
matrix. The mode of transport is detected by clustering and
rule-based method. A significant advantage of mobile phone
data is that it offers large samples and broad spatial and tem-
poral coverage. Lack of social-economic information and
their noisy and sparse measurements are their main disad-

vantages.
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Another source of massive data that is gaining attention is so-
cial media as shown in figure 7.3, such as Facebook and Twit-
ter. In the literature, there are various efforts to mine transport
information by analysing text, hash-tag(s) or check-in data
provided by social networks. Most of them focus on real-time
traffic management and detecting incidents or anomalies in
the network. However, relevant studies attempt to utilise such
data for planning purposes by analysing aggregate or individ-
ual mobility patterns, deriving activity locations, estimating
OD matrices, and examining commuters' opinions regard-
ing the transport system. Data from social media provides

location-based information, which is the most common in

extracting transport-related data from users' posts. Almost all
studies use check-in and geo-tagged data, while one uses text
mining techniques to obtain more information. Among the
reviewed studies, the majority examines mobility patterns and
travel behaviour. Some recent efforts on estimating OD matri-
ces and trip purposes show that social media can be a helpful
supplement for travel demand estimation and activity-based
modelling. In such cases, supplementary data such as census
data and land uses are often necessary. The main advantages
of social media are their free access at low cost and containing
many qualitative data, while the main disadvantage is the lack

of transport information between two posts.

Figure 7.4 Transport attribute data using big data from Automatic Fare Collection System and smart cards
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Smart card automatic fare collection systems (SC-AFC) as shown
in figure 7.4 are increasingly applied in transportation systems
worldwide. Since they can store and analyse a variety of infor-
mation, smart cards are an effective tool for many applications,
including identification, localisation, and payment. Smart cards
often hold information such as the card ID, the mode of trans-
portation, the boarding times and places, and occasionally the
times and locations for alighting. Although fare collection is
these systems' primary goal, the information they keep may be
used for purposes unrelated to those for which it was originally
intended. Smart card data has mostly been used in performance
evaluation, public transport modelling, and trip pattern analysis
in the context of transportation planning. Since different types

of smart cards offer different information about boarding and

Transport attribute Methodology

Travel Patterns Rule based

Trip destination (OD

Trip-Chaining/Users

estimation) classification

Probabilistic method

Transfer patterns
(multinomial logit model)

Trip/Activity detection

Machine learning

Trip, Alighting stops/ (Conditional random fields)

Activity detection

Unsupervised mascine-

learning (continuous
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Trip purpose/Activity
patterns

Center point based

Home location ;
algorithm

Bayesian n-gram model
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alighting, most studies concentrate on extracting key qualities
for transport modelling. Reconstruction of individual trips is the
main goal. The most widely used approach is a trip chaining algo-
rithm with various distance and time limits. Separating transfers
from the activity site is a crucial effort. Time-based constraints
are the most typical strategy. Using rule-based, machine learning,
and probabilistic techniques, more recent studies have sought to
extract the trip purpose and analyse activity patterns from smart
card data. In the research mentioned above, vehicle GPS or GIS
data is a typical supplemental dataset. Last but not least, the ma-
jority of studies lacked validation or only contrasted their sug-
gested methodologies with travel journal or survey data. Overall,
smart cards contain large volumes of individual trip data, which
cover extended periods, while the basic disadvantage is that they

provide information only about specific public transport modes.
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Module 8. Evaluation of social, economic, and

environmental impacts

The different options - technical and non-technical covered in
module 2 & 3 will be difficult to implement if we only look at the
financial returns. The options are however widely accepted to
have substantial mitigation benefits and other social, economic,
and environmental benefits. This module briefly introduces two

widely used approaches to do an assessment of costs and benefits.

8.1 EXTERNALITIES AND VALUATION APPROACHES

Transportation services contribute significantly to economic
growth however they also contribute to many negative ex-
ternalities. Negative Externalities are the costs imposed on
society through misuse and pollution of common resources
(resources for which no property rights are defined such as
air, water, etc.). Individual preferences are the most important
indicator of valuing costs imposed on society (externalities).
The first best solution is to estimate damage costs. In order
to value individual preferences, the following approaches are

relevant [1].

o The willingness to pay (WTP) for an improvement.
o The willingness to accept (WTA) compensation for

non-improvement.

The value of a benefit can be derived as the amount of money
an individual is willing to pay (WTP) to obtain the benefit,
and, similarly, the value of a cost element can be derived as the
amount of money an individual is willing to accept (WTA) as
a compensation. However, these values (WTP/ WTA) are gen-
erally not obtained by asking direct questions such as “How
much are you be willing to pay for a reduction in air pollution”
since the users can answer strategically since they believe they
may eventually be asked to pay for it for example through a
fuel tax. Therefore, indirect methods such as stated preference

(SP) or revealed preference (RP) can be used.

The stated preference (SP) method which uses a contingent
valuation approach to directly measure the WTP is most com-
monly used. The stated preference approach is useful for the
valuation of individual key values such as the statistical value
of human life. The values obtained, however, depend on the
survey design and the level of information. It also suffers from
the fact that it involves hypothetical expenditures only. Indi-
rect methods like revealed preferences (RP) have been used as
an alternative. For example, using the hedonic pricing method

house price differentials can be used to estimate noise costs.

A major recommended approach for valuation of environ-
mental impacts is the impact pathway approach (such as used
by the ExternE model specifically developed for air pollution)
which follows the dose-response function considering several
impact patterns on human health and nature [2]. Sometimes
the lack of certain information on the dose-response function
renders it necessary to find an alternative model for estima-
tion of the damage level. In this case, the avoidance cost ap-

proach (cost to avoid a certain level of pollution) can be used.

8.2 NEGATIVE EXTERNALITIES OF TRANSPORT

The transport sector is a significant driver of economic growth
but also creates a number of externalities i.e., costs to society
that is not borne by the transport users. The major externali-
ties are in terms of noise, air pollution, accidents, congestion,

nature and landscape and climate change ([1]).

The different externalities can be measured in different units e.g.,
noise can be in decibels, air pollution can be in terms of con-
centration of particulate matter in parts per million, etc. We can
also refer to these quantitative values as attribute values. There
are two approaches that are commonly used for converting these
attribute values into a common unit that allows adding across the
indicators or making a comparison across projects. These are the
Cost Benefit Analysis (CBA) and Multi Criteria Decision Analy-
sis (MCDA) and are introduced in Section 7.3 and 7.4.

The methods for estimation of external costs vary with the
type of externality and involve a number of assumptions that
lead to uncertainties. A good discussion of different tools and
methods for evaluating social, economic and environmental
costs is provided in [1]and here we introduce the main nega-
tive externalities from the transport sector of noise, air pollu-

tion, accidents, congestion and climate change.

Noise pollution

Noise pollution is defined as unwanted sounds happening over
a period and of a certain intensity that cause physiological or
psychological harm to humans [1]. Transport noise is expected
to cause two types of negative impacts i) Annoyance and ii)
Health. Annoyance is considered when noise can impose social
and economic costs e.g., if noise interferes with listening to mu-
sic. It is however health impacts that receive the most attention.
Noise can cause physiological damage to the human body when
the noise exceeds 60 decibels [1]. For example, hearing can be

damaged at a noise above 85 dB whereas even a lower noise of
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60 dB can lead to an increased heart rate. Time of noise is also
important and noise at night is more damaging than during the
day. For noise costs, the impact pathway approach is broadly
acknowledged as the preferred approach, using Values of Sta-
tistical Life based on Willingness to Pay [1].

Air pollution

Road transportation contributes to a wide range of air pol-
lutants such as sulphur dioxide, Nitrogen Oxide, Particulate
Matter (measured as PM10, PM2.5 depending on the size of
particles), Ozone, etc. Most of these are related to the com-
bustion of fossil fuels within engines though some particulate
emissions also come from road dust and wear of tyres. All
these air pollutants are also referred to as local pollutants since
their impacts are local in contrast to CO2 emissions which
have a global impact. A detailed discussions on air pollu-
tion is also provided in Module 1 since it is one of the most
significant negative externalities of transport. Air pollutants
are known to impact human health and therefore WHO has
prescribed Air Quality Standards for each of these pollutants
[3]. For air pollution the impact pathway approach is broadly
acknowledged as the preferred approach, using Values of Sta-

tistical Life based on Willingness to Pay [1].

Climate change

Transportation vehicles produce direct greenhouse gas
(GHG) emissions of carbon dioxide (COz), methane (CH4)
and nitrous oxide (N20) from the combustion and evapora-
tion of fuels used in transport activity. Since the GHG emis-
sions are related to the fuels the emissions can be estimated
using default emission coefficients for fuels provided by In-
tergovernmental Panel on Climate Change [4]. The CH4 and
N20 emissions can be converted into equivalent CO2 (COzeq)
emissions using global warming potential values for CH4 and
N20O available from IPCC [4].

GHG emissions result in global warming, a global externality
and therefore emissions happening in one country affect other
countries as well. Global warming results in climate change
i.e., changes in surface temperatures, precipitation patterns, sea
level rise and extreme events that have impacts on human sys-
tems. Since climate change is a long-term problem, the avoid-
ance cost approach is the preferred approach for estimating
climate costs. Alternatively, a carbon price can be used to value
GHG emission reductions, and this carbon price can be either
a market price coming from an emission trading scheme (ETS)

or based on a carbon tax put by the government®.

2 More than 40 countries and 20 cities have introduced carbon pricing mechanisms
and you can follow more at https://carbonpricingdashboard.worldbank.org/

Accidents

Road transportation is associated with accidents which result in
loss of lives, non-fatal injuries’, and permanent disabilities. In a
year approximately 1.3 million lives are lost and between 20 and
50 million people suffer non-fatal injuries . Injuries caused result
in economic losses to individuals, their families, and to nations as
awhole. The losses comprise treatment costs, productivity losses
for those disabled by injuries, and for dependents who need to
take time off work to take care of the injured. Since road trans-
portation requires compulsory insurance therefore a part of these
is covered by insurance however a substantial part of the losses is

not covered and is an externality.

The marginal accident cost can be estimated by the risk elasticity

approach, using Values of Statistical Life [1].

Congestion effects

Congestion happens when multiple users are competing for
a limited transport system capacity and this leads to sever-
al effects such as increased travel times, increased vehicle
operating costs, increased fuel costs, reduced reliability and
dis-amenities for users travelling in congested systems [1].
The estimation of congestion costs is done by i) measuring
differences in vehicle speeds during peak and off-peak periods
and ii) the difference between traffic volume and usable ca-
pacity. The increased travel time costs and disamenities from
increased travelling on congested systems are further based
on the value of time [1]. The value of time can be in turn

estimated using a stated preference survey [5].

8.3 OVERVIEW OF COST BENEFIT ANALYSIS (CBA)

Many projects implemented by the city government are of a
kind where the revenues from the projects are not sufficient to
justify the project. In financial terms, we can say that the Inter-
nal Rate of Return is less than the discount rate. The project
may however provide several non-financial benefits. For exam-
ple, let us consider a Bus Rapid Transit project which besides
fare and advertising revenues can deliver improved air quality,
lower CO2 emissions, improved access to jobs, improved safety
for pedestrians, etc. In such cases, we use Cost-benefit analysis
(CBA) which is a widely used tool for evaluating the ‘goodness’
of public investments. The basic feature of CBA is the compar-
ison of costs and benefits, which are all measured in monetary
terms. The benefits, in this case, include both financial and
non-financial benefits for any public project. For a project to

get approved the benefits should exceed the costs.

3 https://www.who.int/news-room/fact-sheets/detail/road-traffic-injuries

IRR is calculated by reducing the discount rate of the net present value (NPV) of all
cash flows from a particular project to zero. IRR provides a metric used to estimate the
profitability of investments.


https://carbonpricingdashboard.worldbank.org/
https://www.who.int/news-room/fact-sheets/detail/road-traffic-injuries

The CBA of a public project can be compared with the finan-
cial analysis carried out by a private company for its projects.
A private company will conduct financial analyses using the
product’s sales price as a measure of the benefit and the pric-
es of production factors as measures of costs. Hence, market

prices are the measurement units in financial analysis [6].

The CBA for a public project in addition to private costs and
benefits also look at externalities i.e., costs and benefits that
happen from a project to other parts of the society and not
just to project participants. The previous section has provided
a brief overview of key externalities from transport projects
and also provided references for methods used for estimating

these externalities.

The CBA is used by a decision maker in government or pub-
lic authority in a way similar to the management of a pri-
vate company. The management in the latter case is trying to
maximise the profits whereas a decision maker in government
or public authority is trying to maximise the welfare of the
society. In CBA this is done by calculating all the costs and
all the benefits and from them calculating a benefit to cost
ratio. For a project to happen the benefit to cost ratio shall be

more than 1.

Figure 8.1 Steps in Mult-Criteria Decision Analysis

8.4 OVERVIEW OF MULTI-CRITERIA DECISION
ANALYSIS (MCDA)

MCDA is used for the decision-making process, including to
rank options or short-list a limited number of options. MCDA
involves several different techniques that assist decision-makers
to approach complex problems and reach decisions consistent
with their own value judgments. This is done by breaking down
complicated decisions into smaller ones that are easier to han-

dle and by aggregating them back through a logical process [7].

MCDA can thus provide a structured framework for compar-
ing options across multiple criteria. It allows combining criteria
which are valued in quantitative terms as well as qualitative terms.
It is therefore used in some cases as an alternative to CBA where
all the non-financial benefits have to be converted to monetary
values. MCDA allows the use of a full range of social, environ-

mental, technical, economic, and financial criteria for evaluation.

MCDA is a judgement-based system. It is thus important that
the framework reflects a well-balanced judgement of all the
important stakeholders and be developed through a consensus
process in consultation with all the relevant stakeholders. The
inputs from stakeholders can be obtained through personal

communications, interviews and/or in a workshop setting.

MCDA follow a step-wise approach consisting of eight steps de-

scribed in [8] and the interrelationships are shown in Figure 8.1.

Establish decision

Identify options

Sensitivity analysis

Scoring

context

Identify criteria

Weighting

Combine scores and
weights

Examine results
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Decision context

As a first step in the process, the context in which the decision
takes place should be established. [8] The decision context is
defined as the political, economic, social, technological, and
environmental factors that surrounds the decision. The ob-
jectives of the project can be defined in terms of these factors.
This is also the step where we identify the relevant stakehold-

ers that will participate in the decision-making process.

Options
MCDA is a technique that can be used to evaluate one single
project but also to make a comparison across multiple projects

(options) that have similar project objectives.

Criteria

The criteria are measures of success, in addressing political,
economic, social, technological, and environmental aspects.
The criteria relate to the objectives of the project and can be

defined in consultation with the stakeholders.

Weighting

Weights are numeric values assigned to each criterion to re-
flect the relative importance of one criterion over the other
criteria. These weights are provided by different stakeholders

associated with the living labs.

References - Module 8

Scoring

Scoring is the process of assigning a value to the performance
of an option against a specific criterion. Since the impact of
an option against a criterion is always assessed in comparison
to the baseline scenario it involves estimation of the criteria
values for the option or project and in absence of the project
(baseline). The difference between the values for project and
baseline is also referred to as a key performance indicator
(KPI). In MCDA the criteria can be assessed both quantita-
tively and qualitatively and here it is more flexible than CBA

where every benefit has to be monetised.

Combining weights and scores, examine results and
sensitivity analysis

MCDA is a consensus-building technique, and the last three
steps are quite important in this regard. Once scores and
weights are available overall score and score obtained for
each KPI are presented back to stakeholders to reflect on the
results to identify any errors in assessment. In case there are
disagreements between stakeholders during the scoring and
weighting stage these alternative opinions can be analysed and

are referred to as sensitivity analysis.
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Module 9. Training and capacity building*

9.1 MAIN FEATURES OF A COMPREHENSIVE TRAINING
PROGRAMME ON ENERGY-EFFICIENT TRANSPORT

Energy Efficiency (EE) has a direct objective of reducing ener-
gy consumption without compromising outputs or products.
The concept of EE, when considering the transport sector, has a
much broader meaning, as discussed in various sections of this
guidebook. EE in transport interconnected elements referred to
as system efficiency, travel efficiency, and vehicle efficiency, as
described briefly in figure 6.2 in relation to A-S-I approach. This
approach serves to structure transport sector policy measures
to achieve significant GHG emission reductions, reduced en-
ergy consumption, and less congestion, with the final objective
to create more liveable cities. The elements mentioned in figure
6-2 become the main features of the activities and programme
for implementation under each intervention area. Further to
the above sources, many other information sources are avail-
able on transport sector interventions for energy efficiency im-
provements, which also become a valuable resource base for the
establishment of subject areas, required competencies, and thus

the curricula in related educational programmes.

Figure 9.1 The overall energy efficiency concept in a transport system

9.1.1 THE PROGRAMME AND SETTING OF THE
CURRICULUM

As education for EE in the transport sector requires trans-
disciplinary and inter-sectoral approaches, multiple tools and
mechanisms would be required to cater for different sectors
and levels of knowledge described previously. The different
education programmes, courses, and training programmes
would be required to cater to the transport sector's knowl-
edge, and skill needs to develop and implement EE improve-
ment interventions. As all these educations and training are
targeted for the common goal of improving the overall EE in
the transport sector, it is more logical to follow a common cur-
riculum development framework. Such a framework would
essentially include program outcomes and core competencies
as the guiding elements for developing other components. The
methodologies for the development of curricula and related
competency frameworks are well-established in the education

field for the country of Sri Lanka.
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9.1.2 THE PROGRAMME OUTCOMES (POS)
POs are statements that describe learnings that are expected
to attain and demonstrate by students from all programmes

upon completion. The POs guide different education and

training programmes in defining their learning objectives rel-
evant to the specific programme. Table 8.1 presents eight (08)
POs established for the education of EE in transport systems
in the study conducted by C2E2 in Sri Lanka.

4 This chapter is adopted from Sugathapala, T., Dhar, S., Munshi, T., & Vithanage, C. (2021). Assessment of Skills and Knowledge Gap in Energy Efficiency within the Transport
Sector in Sri Lanka. Copenhagen Centre for Energy Efficiency and Schein, L., Asensio, M., Soler, G., Munshi, T., & Audia, I. (2021). Assessment of Skills and Knowledge Gap in Ener-
gy Efficiency within the Building Sector in Argentina. Copenhagen Centre for Energy Efficiency.
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TABLE 9.1 POs for the education of EE in transport systems

After completion of the education program, the learner should be able to

1. Acquire, analyse and interpret data and information to understand the governing contexts in contextualising a problem or action
associated with EE in transport systems.

2. Create critical thinking and analysis conditions to question assumptions and recognise and respect different trends and views in
diverse and dynamic situations in Energy Efficiency (EE).

3. ldentify and connect economic, social and ecological dimensions of problems, conceiving conditions for systems thinking to work
with complexity in supporting Energy Efficient and Environmentally Sustainable Transport (E3ST) systems.

4. Envision scenarios for a desirable future and promote work with different visions and settings for the choices and future changes
needed to ensure EE in transport systems.

5. Create, select and apply proper techniques to complex transport problems in developing viable, inclusive and equitable solution
options that promote EE in transport systems.

6. Creatively adapt strategic approaches collectively to develop and implement innovative actions jointly for fostering EE transport
systems that further sustainability.

7. To engage in life-long learning approaches for nurturing EE in transport systems, with the realisation of interdisciplinarity, mul-
tidisciplinarity, and transdisciplinarity, while respecting needs, perspectives and actions of others and reflecting own norms and
values, principles, goals and targets i n realising E3ST.

9.1.3 THE CORE COMPETENCIES (CCS) Accordingly, in line with the POs identified above, the CCs for
CCs define the desired knowledge, skills, and attitudes of stu- ~ EE in the transport systems are established as given in Table
dents completing the educational programme to successfully 8.2 for the case of Sri Lanka as developed in a consultancy

perform in professional, educational, and other life contexts.  assignment for C2E2.

TABLE 9.2 CCs for EE transport systems

Cognitive Competencies (Knowledge)

1. Information competency: The ability to access, acquire and process the information on resource or EE in the transport sector (cover-
ing the three areas of system efficiency, trip efficiency and vehicle efficiency in line with the Avoid/Reduce-Shift-Improve concept).

2. Systems thinking competency: The ability to recognise and understand EE relationships; to analyse EE in complex transport sys-
tems; to think of how systems are embedded within different domains and different scales, and to deal with uncertainty.

3. Critical thinking competency: The ability to question norms, practices and opinions about transport sector efficiency; to reflect on
self-values, perceptions and actions in EE interventions; and to take a position in the sustainability discourse.

Functional Competencies (Skills and know-how)

4. Anticipatory competency: The ability to understand and evaluate multiple futures — possible, probable and desirable of the trans-
port sector EE; to create one’s vision of the future; to apply the precautionary principle; to assess the consequences of actions;
and to deal with risks and changes in the area of EE in the transport sector.

5. Strategic competency: The ability to collectively develop and implement innovative actions for energy-efficient transport systems
that further sustainability at the local level.

6. Integrated problem-solving competency: The overarching ability to apply different problem-solving frameworks to complex
transport problems and develop viable, inclusive and equitable solution options that promote energy efficiency, integrating the
competencies mentioned above.

Attitudinal Competencies (Behavioural and Values)

7. Normative competency: The ability to understand and reflect on the norms, behaviours and values that underlie one’s actions on
EE in the transport sector; and to negotiate related sustainability values, principles, goals, and targets, in a context of conflicts of
interests and trade-offs, uncertain knowledge and contradictions.

8. Collaboration competency: The ability to learn from others; to understand and respect the needs, perspectives and actions of
others; to understand, relate to and be sensitive to others; to deal with conflicts in a group; and to facilitate collaborative and
participatory problem-solving in transport sector EE challenges.

9. Self-awareness competency: The ability to reflect on one’s role in the local community and (global) society; to continually evaluate
and further motivate one’s actions; and to deal with one’s feelings and desires about EE in transport.

Source for both tables: Sugathapala, T., Dhar, S., Munshi, T., & Vithanage, C. (2021). Assessment of Skills and Knowledge Gap in Energy Efficiency
within the Transport Sector in Sri Lanka. Copenhagen Cen-tre for Energy Efficiency



9.1.4 THE THEMATIC AREAS

The list of thematic areas selected for the education of EE in
transport systems is presented in the list below. These themes
reflect topics that may be considered to have broad relevance
to the purposes of specific programmes for the education of
EE in transport systems and their wider context in the overall
transport system. This list represents some indicative thematic
areas identified for the case of Sri Lanka. So, these may not be
comprehensive enough to capture the entire scope of the re-
spective transport systems. When specific subjects or lessons

are embedded within the curriculum, it is expected that they

TABLE 9.3

form an integral part of a programme of study, while learning
and teaching activities are designed to take the POs and CCs
into account. Further, the topics of the themes given are not
prescriptive, recognizing that educators will be working with-
in different educational programmes and local contexts, gov-
erned in some cases by broader institutional strategies, thus
needing more flexibility. The topics cover the key areas within
systems and sub-systems of the transport sector having a di-
rect and indirect bearing on EE in the transport sector, thus
the curricula and syllabi must be developed in the context of

EE in each area and sub-area in the list in Table 8.3.

Main theme Sub-themes/Subject topics

1. Transport and Sustainable
Development

Mobility, Transport and Scio-economic development linkage; The paradox of transport and its
costs - planetary boundaries, ecosystem ecology, industrial ecology, circular economy; Environment

dimensions of transportation (local, global) -; Environmentally sustainable transportation (EST) and
Sustainable urban transport (SUT); Resource/energy efficiency in transport modes/systems; Role of
transport in International conventions and related national/local commitments (SDGs, NDCs).

2. Transport sector governance
for energy efficiency and
environmental sustainability

National development and sectoral policies and the role of EE of transport; Transport sector insti-
tutions and stakeholders and their role in EE; Economic instruments for EE in transport systems;
Financing EST/SUT; Knowledge management for EE in transport;

Systems approach to transport planning: Avoid/reduce-Shift-Improve (A-S-I) principle; EE
model in transport (System efficiency, Travel efficiency and Vehicle efficiency).

3. Land use planning and trans-
port demand management

Sustainable transport infrastructures; Land use planning and urban transport systems for EE;
Optimization of the road network and its use; Transport demand management (TDM); Mobility

management programmes and measures: minimum occupancy limitations, congestion/corridor
pricing, flexible working hours, online working, education, transactions, purchasing; Parking
space management, access restriction, speed control, improve traffic flow, traffic smoothing.

4. Energy Efficient and Enviro-
mentally Sustainable Trans-
port (E3ST) Modes: Transit,
walking and cycling

5. Cleaner fuels and efficient
vehicles

Mass transit options (BRT, LRT, Monorail) and public transport; Intermodal transport systems;
Transit-oriented design features in cities and transport infrastructure; Regulations and planning
for public transport; Non-motorised transport; Street design, streetscape and traffic calming; EE
design features in transport infrastructure; Car-free developments.

Cleaner transport fuels: fuel quality improvements in diesel and gasoline, natural gas, alternative
fuels — biofuels, renewable electricity, hydrogen; Efficient vehicle technologies: advanced ICEs,

EVs, Hybrids, Fuel cell; EE improvement options for new vehicles: air and exhaust gas manage-
ment, fuel preparation and injection systems improvements, thermodynamic combustion engine
process improvements, light-weight designs, aerodynamic designs, size reduction, automotive
transmission, waste heat recovery systems, advanced cooling technologies; EE improvement op-
tions for in-use vehicles: inspection & maintenance, vehicle retrofit, alternative fuel conversions,
fuel treatment/combustion improvement devices, accelerated retirement programmes; Intelligent
transport systems (ITS); Eco-driving.

6. Impact assessment of the
transport sector

Performance indicators and indices of transport modes and systems; Health and ecological im-
pacts - direct, indirect and cumulative; Impact assessment frameworks and methodologies; Sus-

tainability assessment tools; Transport sector performance and air quality management; Climate
actions (mitigation and adaptation) in the transport sector; EE targets in the transport sector.

7. Complementary themes

Diversity and inclusion in transport system: aspects related to human behaviour, culture, life-

styles, consumerism; Politics, advocacy and governance in the transport sector: SD and global
agendas, environmental governance, active citizenship, social empowerment, local policy initia-
tives and regulations; Globalisation and sustainability: worldwide interdependence and transport,
international trade and EST, Sustainable globalisation and transportation; Inequality, poverty, so-
cial security and gender issues in the transport sector, demographic diversity and transport sector
performance; Science and technological progression in the transport sector: future perspectives
of technological development and innovations, social innovation for sustainability, principles of
urban symbiosis towards E3ST systems; circulatory material/resources; digital lifestyle innova-
tion; Internet of Things (loTs) for transport systems.

Source: Sugathapala, T., Dhar, S., Munshi, T., & Vithanage, C. (2021). Assessment of Skills and Knowledge Gap in Energy
Efficiency within the Transport Sector in Sri Lanka. Copenhagen Cen-tre for Energy Efficiency
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9.2 TUNING THE EDUCATION SECTOR TO MEET THE
SKILLS AND KNOWLEDGE REQUIRED FOR ENERGY
EFFICIENT AND SUSTAINABLE TRANSPORT

The distinct features of courses and institutions demand spe-
cific attributes in the curriculum of each training programme.
In particular, core competencies, program objectives, and
thematic areas presented above must be refined and tailored
to suit each of the specific education programme/course or
module. Accordingly, the following requirements are estab-
lished as guiding principles in developing course-specific EE

education plan and curriculum:

o The specific course should demonstrate its contribution to
EE education plan as well as the connectivity of their con-
cepts and activities.

« The sector/subject-specific competencies (SCs) should be
established, aligning with the CCs presented earlier.

o The sector/subject-specific learning outcomes (LOs) should
be established, aligning with the POs presented earlier; and

o The sector-relevant subject topics should be identified un-
der relevant thematic areas presented

o Figure 9.2 illustrates the above approach as a framework
for the development of specific educational programme

within overall education for EE in transport systems.

Figure 9.2 Tune the education program to include energy efficiency skills in Transport
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Source: (Sugathapala, T., Dhar, S., Munshi, T., & Vithanage, C. (2021). Assessment of Skills and Knowledge Gap in Energy Efficiency within the Trans-

port Sector in Sri Lanka. Copenhagen Centre for Energy Efficiency)

The establishment of sound frameworks for the competencies
for EE in transport systems and the curriculum for relevant
educational programmes provides the basis for the identifica-
tion and analysis of gaps in the stakeholder institutions, both in
the transport sector and the education sector. For a sustainable
delivery of these skills and knowledge the education programs

in the countries need to be tuned to meet the requirements.

The first step towards any such development is to identify the
gap within the system. The core competencies and the themat-
ic topics that need to be identified first for this gap analysis,
as in the case of Sri Lanka and shown in tables 8.2 and 8.3.
Figure 8.3 (from C2E2 Argentina study) shows how keywords
(representing thematic areas) can be used to query the courses
taught in the country to identify the coverage of thematic top-

ics in various course curriculum and the gaps therein.



Figure 9.3 Identifying gaps in the education system
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TABLE 9.4 Line of action for fine-tuning education programs to include energy efficiency skills in the transport sector

< Line of action
no

Training and Awareness Raising Axis

1 Raise awareness (especially among officials and/or decision makers) by presenting usefulness of A-S-I framework as a means
to achieve: energy savings.

2 Train officials to catalyse the application/implementation of new EE-Transport specific regulations.

3 Raise awareness of the student sector (advanced secondary school) about the training existing programs in EE-Transport to pro-
mote the development of career paths linked to the subject.

4 Train the teachers of training institutes, undergraduate and postgraduate courses. Integrate the topic corresponding to each educa-

81

tional level.

5 Offer more elective undergraduate subjects related to EE-Transport in the existing education programs.

transversality).

6 Offer "packages" of elective subjects by subject (even in other degrees or institutions, in order to favour inter-institutional

7 Consolidate the EE-Transport orientation as part of the curriculum.

10 | Incorporate contents related to EE-Transport in Technical and Vocational Education in line with the measures planned for the
reduction of GHG emissions in the country associated with the reduction of energy demand

11 | Design pedagogical strategies that favour the development of interdisciplinary work skills among professionals.

12 | Ensure access to centralised/systematised and updated information on educational existing programs.

13 | Develop a mechanism that includes periodic curricular updating in each institution.

15 | Encourage research in master’'s and PhD Programs with targeted fellowships

Source: adapted from Schein, L., Asensio, M., Soler, G., Munshi, T., & Audia, I. (2021). Assessment of Skills and Knowledge Gap in Energy Efficiency
within the Building Sector in Argentina. Copenhagen Centre for Energy Efficiency.

The identification of gaps can then be translated into strategies
for incorporating these skills into the taught programs. Table
8.4 presents the lines of action organised according to how
the execution of each one contributes to or articulates specific
skills. These lines of action need to be developed with stake-
holders’ consultation especially developed aspects related to
the governmental and market spheres; it is considered perti-
nent that the measures proposed for the education sector, as
the ultimate goal of this study, be complemented with others

in those areas. This way, more comprehensive approaches are

pursued, articulating with other extra-educational spheres, to

strengthen the potential for implementation.

In the case of the educational lines of action, the measures
to be developed focus on the adequate training of teachers,
students, and practising professionals, through the consolida-
tion of a technically sound, updated education that includes
interdisciplinary skills. Regarding governmental actions, the
proposals are oriented to establish and maintain the necessary

conditions for developing the EEB sector.
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