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THE ROAD FORWARD

PREFACE
This book is a resource for that perennial challenge of all urban policy:
implementation. The policies in this case are those aimed at reducing
passenger transport emissions on land, and especially (but not exclusively) in
urban areas.
The reduction of transport emissions has become a key priority for many cities
and towns, particularly as we seek effective action to mitigate the disastrous
effects of global climate change. Transport emissions reductions are also
essential to improve air and water quality, to promote human health and wellbeing, to support urban liveability and quality of life, and even to enhance
economic performance and competitiveness.
The reality is that high levels of transport emissions impose increasingly high
and unbearable costs on governments and citizens. What once seemed a
reasonable trade-off for economic development is now looking more like a
“road to disaster,” economically as well as in other important ways. So-called
externality costs, once ignored as hidden subsidies, are increasingly
manifesting as heavy transaction costs, affecting cities’ and citizens’ bottom
lines. We can’t grow on like this.
It is true that many of the available methods to reduce emissions are capitalintensive and costly (e.g., new generation technologies, mass fleet
electrification, etc.). However, in many cities and countries, expensive
technical solutions are not yet feasible - at least not in the near future. It is
therefore imperative to find and share locally affordable technical and nontechnical solutions to curb pollutant emissions from road transport.
Luckily, there are many such solutions available, as this book explores. They
occur at a range of scales and costs, and also at a range of implementation
scales of time. In many cases, changes made carefully now can pave the way
for more dramatic changes later. Relatively modest alterations can help to
“future-proof” the transport system for later improvements, like set-aside
areas for future pathways, transport stations and vehicle rights of way.
The more expensive technical solutions are often not even the best options
for the global environment, and other options – including land use changes,
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behavioural changes, and attractive non-motorised and public alternatives to
private transport – are often better solutions, at least in the short term.
This is particularly true because only part of the emissions from transport
comes from the vehicles themselves – the so-called “tailpipe emissions.” We
must also consider the embodied energy and emissions of vehicle
manufacturing, as well as the embodied and operating energy of transport
infrastructure – the streets, bridges, rail lines, signals, and other elements of
the system. The fuel extraction, refining and delivery system is another
important source of emissions generated for transport end use. For electric
vehicles, we must consider the power source and its emissions, as well as the
infrastructure for its delivery, and transmission losses and other impacts that
contribute to emissions.
Often less well understood are the behavioural patterns of consumption that
drive emissions, not only from the vehicles themselves, but also from the
relatively high-emissions “choice architecture” of car-dependent places.
Research shows that higher emissions from automobiles is closely associated
with higher emissions from those who live car-dependent “drive-through”
lifestyles. It seems that consumption and emissions drive more consumption
and emissions, in a positive feedback loop.
The reduction of transport emissions is a particularly urgent topic in a time of
historically unprecedented rapid urbanisation. Increased economic activity
and welfare in many developing countries and emergent economies is lifting
millions out of poverty and expanding well-being, but also giving rise to
increased demand for transportation, and with it, increased level of emissions
and resource depletion. There is an urgent need, then, to identify and share
effective low-emissions alternatives.
This book is one resource in addressing that need. It is written for political
leaders, decision-makers, practitioners, and other stakeholders in the transport
sector, as well as for those responsible for land-use and community planning.
It provides them with required information and analysis necessary to make
decisions on sustainable and cost-effective transport and land-use solutions to
reduce emissions. It is not meant to be an exhaustive compendium of
solutions – many more will be needed in the years ahead – but rather, a useful
contribution toward significant progress on the path ahead.
The book is organized into eight primary chapters. After discussing transport
emissions trends and their impacts, we examine a number of low-cost
technical options. We then examine demand-side reductions, including pricing
signals and other feedback measures. The next section considers land use
planning and allocation – a slower form of change, but a more powerful one
over time. The optimum allocation of paths and rights of way is discussed in

2

THE ROAD FORWARD

detail. We conclude with financing and business models, certainly critical
implementation topics.
The final chapter provides additional links and references, and further reading
and resources.
As the title indicates, we are speaking only of land-based passenger transport,
meaning that freight is excluded, as are air and sea passenger lines. Private
automobiles and light trucks are included, as are taxis, buses, subway and
passenger rail, ride share and TNCs, motorcycles, scooters, bicycles, and of
course, pedestrians – those creatures who must begin and end every trip, even
if only to a garage or car park. One cannot reduce emissions much from
bicycles, of course; however, one can reduce emissions a great deal indeed, by
shifting modes from private automobiles to bicycles, or to rail and bus. One
can also reduce emissions by increasing the number of passengers per trip in
private automobiles and decreasing the number of trips.
The emissions from passenger transport are complex, depending on the fuels
used and other factors. They carry a range of impacts including damage to
human health, ecological damage, and of course, contribution to global
climate change. The latter comes from so-called greenhouse gases, of which
carbon dioxide (CO2) is the most prevalent, but by no means the only
greenhouse gas emitted by transport sources. Roughly speaking, CO2 is about
eighty percent of all greenhouse gases. It is common in the research literature
to combine all greenhouse gases into a “CO2 equivalent,” abbreviated as
CO2e. Herein we will either refer to measurements of CO2e, or to CO2 alone,
with the understanding that another twenty percent or so of other greenhouse
gases should be added to convert CO2 to CO2e.
When referring to greenhouse gas measurements specifically, we will generally
adhere to research by the United Nations’ Intergovernmental Panel on
Climate Change (IPCC), peer-reviewed research vetted by them, or
inventories measured according to their protocols. One must be very careful,
however, to compare apples to apples, and this can be difficult. Inventories
reflect different points of time, different definitions of sectors, different
national and continental borders, and different kinds of measurements, such
as per capita versus aggregate, and sector-based (measured where the activity
occurs) versus consumption-based (measured where the consumption occurs
that drives the activity). What is important is that all these measurements are
aggregated in a consistent way, and in the case of transport, in a way that
accurately reflects individual behaviours and consumption patterns. These
are, after all, the ultimate drivers of emissions and their impacts.
Finally, the book is aimed at helping to expand the range of solutions to the
problem of transport emissions, and to provide more modest-cost alternatives
at the local level. It is not looking for “silver bullets” that may never come,
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but rather, for “silver buckshot” – for multiple tools and strategies available
now, that can not only reduce emissions, but improve quality of life for the
residents of cities and towns. It aims to assist in the evolution of a new
generation of transport and of its surrounding land use, that is safer, cleaner,
more walkable, more transport-supportive, and offering a greater variety of
choices in mobility. That, to us, is the road forward.
-

The Editors
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1. INTRODUCTION
JORGE ROGAT, PH.D.
UNEP DTU Partnership, DTU University

1.1 ROAD TRANSPORT EMISSIONS TRENDS
Increased economic activity in both developed as well as developing countries
along with globalisation is leading to higher income levels and thereby to
changes in lifestyle, new patterns of mobility and comfort. This is in turn
leading to increased car ownership, kilometres driven, increased levels of fossil
fuel combustion and thereby, to increased levels of both local and global
emissions. According to the 2021 World Energy Outlook (WEO), the
transport sector has had the fastest growth in CO2 emissions of any sector
during the last years. In the WEO report it is mentioned also that transport
emissions are nearly 2.5 Gt higher in the announced pledges scenario (APS)
compared to the net zero emissions by 2050 scenarios (NZE), with road
transport standing for around three quarters of the gap between the APS and
the NZE scenarios [1].
Figure 1.1 shows the development of fuel consumption for both gasoline and
diesel during the last decade. The steadily increasing trend in fuel consumption
from 2010 to 2019 is disrupted in 2020, which is most likely the result of the
pandemic that started in the beginning of 2020 and continued through 2021,
though it showed signs of waning with the development and deployment of
vaccines during 2021. The trend shown in Figure 1.1 corresponds to gasoline
and diesel consumption for land transport including freight transport and
passenger transport (both public and private). Therefore, the decrease in fuel
consumption from land transport observed in 2020 does not necessarily mean
that the consumption of gasoline and diesel for private car passenger transport
decreased too. On the contrary, there are all the reasons to believe it may have
even increased because of the recommendations given by the health
authorities in many countries not to use public transport to avoid the
spreading of the virus. In a similar way, the pandemic had also a significant
impact on economic activity, which led to a decreased demand for freight
transport and hence to a decreased demand for fuel, especially diesel.
It makes sense to believe that the increase in private car driving may persist or
even increase in the coming years. The rationale behind this is that in the same
way it takes some time for people to adapt to new habits; it takes also some
time for them to leave the newly adopted habits; particularly if these new
habits are associated with increased flexibility and comfort. It is therefore
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believed that in most of the countries wherein owners of private cars that were
not using their cars before the pandemic (yet started to drive their cars
following the recommendations of health authorities) will continue to use
their private cars even after the ongoing pandemic is over-- and for some time
to come. Although there are yet no data available to support this assumption,
it makes sense to believe this could be the case.
In the absence of appropriate incentives/disincentives, policies and
regulations that can prevent the expected development described above, and
at the same time speed up the deployment of cleaner and more fuel efficient
vehicles, this development is likely to continue.
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Figure 1.1 Road transport gasoline and diesel consumption (ethanol and biodiesel excluded),
2010-2020. Source: compiled by the author using data from ENERDATA.
The amount of fossil fuel consumed is directly proportional to the amount of
both local and global emissions, of CO2, this being one of the main precursors
of climate change. In times of increased global temperature and the
irreversible consequences it may have on our planet, these emissions are of
particular concern. The direct relationship between fossil fuel consumption
and CO2 emissions is also reflected in the development of global CO2
emissions over the same period from land transport as shown in Figure 1.2.
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Figure 1.2 Global CO2 emissions from land transport gasoline and diesel consumption
(ethanol and biodiesel excluded), 2010-2020.Source: compiled by the author using data
from ENERDATA.
Although the share of electric vehicles (EVs) in the global vehicle fleet has
been steadily increasing during the last years, this is taking place mostly in
high-income developed countries and not in poor developing countries. To
expect EVs to be the solution to a global problem is still far from realistic for
many low-income developing countries, where EVs are still not affordable.
Much of the generation of electricity is also from fossil fuels, meaning that
fleet electrification is far from a complete solution, even where it occurs.
Therefore, more affordable technologies that can mitigate emissions are
needed. In addition to this, policies and incentives leading to changed
behaviour are needed. Reducing the level of emissions from land transport is
not an easy task, nor there is a one size fits all solution. Nevertheless, there
are a number of affordable options that could be applied to achieve this
objective. These options will be presented in this chapter, and further
elaborated in following chapters of this book.
The transport sector, and in particular the land transport sector, can play a
crucial role in the objective of slowing down the current development due to
its great emissions reduction potential, as nearly a quarter of the total
emissions of CO2 are originating from this sector (Figure 1.3). To exploit its
full potential, a combination of policy measures, low-cost technical and nontechnical solutions must be considered. These policy measures and solutions
must take into consideration also the prevailing conditions of the particular
country or city where those will be implemented. In this context, it is also very
important to consider the specific social and cultural circumstances prevailing
in the particular country.
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Figure 1.3 Share of CO2 emissions by sector in 2018. Source: Global Alliance for Buildings
and Construction, 2018 Global Status Report.
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Of the total amount of the emissions from the transport sector as a whole,
around 80% are originated by land transport alone (Figure 1.4).
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Figure 1.4 CO2 emissions transport sector (total and land), 2010-2020. Source: compiled
by the author using data from ENERDATA.
Currently, and in contrast to other sectors, which have been decreasing the
levels of emissions during the last decade, with exception of 2020, emissions
from land transport have been steadily increasing. For instance, the share of
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land transport emissions in the EU increased from 13% in 1990 to around
20% in 2013 [2]. Global CO2 emissions from the transport sector increased
from approximately 5,300 Mt in 2010 to around 6,200 Mt in 2019, which is an
increase equivalent to 17%.
1.2 WHY IT IS IMPORTANT TO REDUCE EMISSIONS FROM
LAND TRANSPORT
Despite the fact that the negative impacts of air pollution on the environment
(both local and global) are well known by the majority of people, and even
directly perceived by many, there is still a minority of people and governments
all over the world that are not fully aware of the consequences of it. Air
pollution can be defined as the presence or concentration of substances in the
atmosphere emanating from activities like fossil fuel combustion at levels that
are harmful to human health and damaging for both the local and global
environment. At the local level, these substances seriously affect human health
and cause deterioration to cultural heritage by damaging, amongst others,
materials, monuments and buildings. Some of the local land transport
pollutants to which the mentioned impacts can be attributed to are: nitrogen
oxides (NOx), sulphur oxide (SOx), particulate matter (PM), carbon oxides
(CO) and volatile organic compounds (VOCs). These pollutants affect the
local environment and human health in different ways with increased
mortality and loss of productivity being some of the impacts. At the global
level, the most known impact from the release of greenhouse gas (GHG)
emissions into the atmosphere causing atmospheric pollution is climate
change. Some of the impacts caused by these emissions on ecosystems and on
the global climate system may be already irreversible-- and if emissions are not
significantly reduced, further damages may be irreversible and of an
unprecedented magnitude. One of the largest GHG contributors to climate
change is CO2. The increasing level of CO2 emissions in the atmosphere over
time is contributing to increased average temperature on our planet with
consequences such as melting glaciers, increased frequency and intensity of
extreme events. Some of the extreme events are storms and flooding, as
recently observed in in the USA and Central America, and droughts and forest
fires, as observed in recent years in Australia and the USA, in some European
countries like Portugal and Spain, as well as in some Nordic countries like
Sweden.
At the same time, transport, and in particular road transport, is vital for
societies by providing a series of benefits. It allows the movement of people
and goods, which are essential for life; it supports economic growth, which
gives rise to increased employment, improved wellbeing, standards of living
and comfort. However, for all these benefits not to be outweighed by the
negative impacts, transport systems need to be planned in an integrated and
sustainable manner, and emissions from this sector (both local and global)

11

THE ROAD FORWARD

significantly reduced. In 2018, motorised road transport (cars, trucks and lightduty vehicles) stood for over 80 percent of the total CO2 emissions originating
from the transport sector as a whole (Figure 1.3).
1.3 HOW IT CAN BE DONE, WITH MINIMAL COST AND
MAXIMUM BENEFITS
Despite the fact that low cost measures such as regulations (mandated by law)
and policies in the form of economic incentives/disincentives are sometime
seen as less effective instruments to achieve emission reductions from the
transport sector, experience shows, however, they can be effective and
generate a number of benefits at the same time. Today there is evidence
showing, for example, that the introduction of vehicle environmental
standards like more fuel efficient and cleaner vehicles have resulted in reduced
emissions in Europe. This thanks to the fact that most car manufacturers are
complying with the imposed environmental standards and manufacturing
more fuel-efficient and hence, low emission vehicles. The fourth Assessment
Report (AR4) of the Intergovernmental Panel on Climate Change, points out
improved energy efficiency as one of the most important instruments to
combat climate change. The transport sector is one of the largest energy
consuming sectors and can, therefore, through improved fuel efficiency, play
a significant role in reducing fuel consumption-- thereby combating climate
change.
The International Council on Clean Transportation (ICCT) has been
reviewing the impacts resulting from EU's fuel economy standards since 2001,
and has found that, compared to the baseline scenario without mandatory
CO2 standards, CO2 emissions have decreased on average by 18% thus
reducing the total amount of annual emissions across Europe by 40 million
tonnes [3]. Environmental standards, including improved fuel efficiency,
constitute often a very low-cost measure for car buyers, since apparently, not
much of the extra cost has been passed on to car owners.
Another low-cost policy measure that has proven to give rise to multiple
benefits besides reducing emissions is Eco-driving. It has been already
incorporated as an additional component in car driver courses in many
countries, thus implying a marginal incremental cost. Eco-driving has been
increasingly recognised as having a significant potential to reduce fuel
consumption and thereby, both local and global emissions. Other benefits that
can be mentioned are economic savings for car drivers (because of a more
friendly driving style), and decreased level of noise pollution (due to more
smooth acceleration and deceleration). Another important benefit of Ecodriving, because of a more friendly and relaxed driving style, is reduced
number of accidents and hence reduced health care costs and saved lives. Ecodriving programmes have been introduced in countries outside Europe with
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Japan and the USA being some of the examples. The multiple benefits have
been observed when training has been given to private-car drivers as well as
to bus and truck drivers. The main principles of Eco-driving will be covered
more in detail in Chapter 3.
Fuel pricing policies constitute another effective policy measure. As
mentioned earlier, they are an effective economic incentive/disincentive to
achieve decreased fuel consumption and thereby reduced emissions. Although
the impact of fuel taxes is slow, and sometimes insignificant in the short run
– mainly due to the fact that car owners need some time for adaptation – the
effect is more significant in the long run. A considerable number of studies
on price elasticities show a positive price elasticity of between 0.5 and 1.5 [4].
For instance, estimations on fuel price elasticities for the Latin American
region show a long-run price elasticity of around -0.6, which means a 10%
increase in the price of fuel will give rise to a 6% decrease in the consumption
of fuel [5]. Even though these elasticities were estimated more than a decade
back, changes in fuel consumption due to fuel price increases are still
prevailing, which can be confirmed by a number of studies undertaken later.
A more extended explanation of how fuel-pricing policies work and the
impact they may have in reducing private motorisation and fuel consumption
is provided in Chapter 5.
There are a number of other measures that can be adopted by car drivers at a
very low cost and which have significant benefits. One example is anti-idling,
which has proven to have significant positive impacts by reducing both local
and global emissions. There are several examples where anti-idling regulations
have been introduced. The way anti-idling regulations are put in place and
how they work will be further elaborated in Chapter 3. The introduction of
low rolling resistance tyres (LRT) constitutes another example of low-cost
measures. Other low-cost policy measures that have been implemented
elsewhere are the introduction of car labelling. Massive campaigns to promote
the use of bicycles including information about the multi benefits of biking
is another example of a low-cost measure. These types of campaigns have
been successfully implemented in a number of Latin American cities like,
Bogota, Colombia; Quito, Ecuador; Santiago, Chile; Lima, Peru, and
Concepción, Chile. In these cities, the implementation of massive campaigns
promoting the use of the bicycle and its associated health and environmental
benefits have resulted in a significant increase in the number of people starting
to bike and that have started to consider the bicycle a valid and healthy mode
of transportation. Below a massive campaign to promote the use of the bicycle
in Concepción, Chile.
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Figure 1.5 Massive campaign to promote the use of the bicycle in Concepción, Chile. Source:
Solutiva Consultores
Like with many other policy measures, the effects of a campaign aimed at
promoting the use of non-motorised transportation (NMT) takes some time
before they are observed. However, in the campaign conducted in Concepción
to promote the use of bicycles, the effects could be observed already after a
short period. Soon after the implementation of the campaign, the need to
focus efforts on younger generations that have yet to make their modal
selection was recognised by the Chilean authorities. The campaign thus
managed to change the perception of cycling and besides, create the necessary
awareness of the benefits of NMT among politicians and decision makers.
This way, the campaign led to gain the attention of the national government,
which passed a bill to Congress to promote cycling in Chile. This materialised
in the commitment of the National Government of Chile to programs
encouraging the use of bicycles, not only in Concepción, but in other cities of
the country where cycling is being intensely promoted [6]. The campaign
conducted in Concepción, Chile, was one of the components of the GEF
funded project implemented by the UNEP DTU Partnership aimed at
promoting sustainable transport in Latin America.
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2. THE NEGATIVE IMPACTS OF
PASSENGER ROAD TRANSPORT
EMISSIONS
JORGE ROGAT, PH.D.

UNEP DTU Partnership, DTU University
2.1

OVERVIEW OF ROAD TRANSPORT EMISSIONS AND SCOPE
OF DAMAGES

Emissions from the road transport sector have a number of negative
externalities on the local as well as on the global environment. At the local
level, pollutant emissions have negative impacts on urban places (buildings
and monuments), on agriculture productivity (decreased crops yields), and
most importantly, on human health. At the global level, they contribute to
increased temperature and climate change. All these impacts (both local and
global) have considerable impacts on the economy in terms of increased
expenses due to, for example, restoration of buildings and monuments
(because of deterioration of materials by smog), and increased health care
expenses (due to deteriorated health among children and the elderly).
Air pollutants like particulate matter (PM), sulphur oxides (SOx) and volatile
organic compounds (VOCs), to mention a few, severely affect human health.
This can be observed already in a number of megacities of the developing
world, with Delhi, Mexico City, and Santiago, Chile being some of the
examples. Concentrations of pollutants such as PM and SOx have been
steadily increasing in many cities of the world. The impacts of high
concentrations of these emissions may vary depending on a number of local
circumstances such as geographical location (cities surrounded by mountains),
meteorological conditions (cities characterised by anticyclonic conditions),
and whether the cities are affected by inversion or not. Inversion is an
atmospheric phenomenon during which cold air is closer to ground level than
warm air. This makes the temperature of the air rise as it gets further from
ground keeping pollutants between the air layers at an altitude of about 600
to 900 meters above the city [1]. During these episodes, human health is
seriously affected. This phenomenon occurs often during wintertime in cities
which are situated at low altitude and locked by surrounding mountains like
Santiago, Chile and Mexico City. The negative effects of this phenomenon
may be significantly worsened under the presence of anticyclonic
meteorological conditions, which is the case of many places. Exposure to
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these conditions by unhealthy people, the elderly and children, may have a
deadly outcome.
Other factors which can be directly associated with air pollution, and in
particular with high concentration levels of air pollution are age of the existing
vehicle fleet, type of fuel used, and vehicle maintenance. Evidence shows that
in cities with poorly maintained older vehicles, the levels of pollution are much
higher. This particularly applies to cities in low income countries in Africa,
and parts of Asia and Latin America. For instance, in poor African cities with
poorly maintained vehicles, which besides are predominantly driven by diesel
as the main combustion fuel, extremely high levels of air pollution are
observed. In these cities, where the smog can be clearly seen, the allowed
concentrations levels are exceeded often by far.
At the global level, and as mentioned in Chapter 1, the transport sector, as a
whole, stands for around a quarter of the CO2 emissions. Notably, out of this,
80% can be attributed to road transportation, and a significant percentage of
this (roughly half) is attributable to passenger transport. These emissions are
having detrimental impacts on the climate, which will be discussed in Section
2.4. This section focuses mainly on the local impacts of air pollution,
particularly on human health and the economy.
2.2

LOCAL IMPACTS ON HUMAN HEALTH

As mentioned earlier, the various pollutants emitted by road transportation
have a series of impacts on the local environment and human health, and as
mentioned above, the magnitude of their impacts will vary depending on the
prevailing conditions of a particular city. Below a more detailed description of
the impacts the various pollutants from road transportation may have on
human health.
NOx: these gases affect mainly the respiratory system where nitrogen dioxide
(NO2) is one of the most toxic gases, with symptoms such as increased airway
resistance at concentration levels of about 0.5 ppm. Acute exposure to NO2
decreases gaseous exchanges in the blood and increases respiratory symptoms
leading to lower lung-function values. At the global level, NOx is one of the
main contributors to acid rain and eutrophication.
Ozone (O3): even though not often mentioned, this pollutant may have serious
impacts on human health. This gas is created in the lower atmosphere by the
effect of sunlight on hydrocarbons and nitrogen oxides, which are released
from incomplete burning of fossil fuels. Even low concentrations of this gas
can give rise to throat irritation, producing cough. It may also produce
headaches and even cause asthma attacks. Besides the described effects on
human health, it has also negative impacts on agriculture, namely, on plants
and crops.
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SOx: these emissions are formed when sulphur is burnt through combustion.
SOx emissions have impacts on the respiratory system, impacts that can be
severe in inner cities. One well-known example is the episode of the “London
Smog” which took place after the war period. Subsequent studies showed that
the premature death of thousands of people in London during the 5 days in
December of 1952 could be related to the high concentrations of SOx and
PM, episode that was worsened by the occurrence of inversion.

Figure 2.1 London smog episode of 1952. Source: RV1864 via Flickr.
PM: also known as suspended particulate matter, refers to a wide range of
finely divided solids or liquids emitted into the air from combustion processes
such as fossil fuel combustion in vehicles. They can vary in size and be
between 0.1 and 0.25 µm in diameter. These are dispersed into the air and if
of small enough size (10 µm) they will bypass the respiratory system’s own
mucus filtering process and penetrate the lungs, causing illnesses such as
bronchitis. PM are especially harmful for children, the elderly and pregnant
women.
CO: colourless and odourless gas resulting from the incomplete combustion
of carbons in fossil fuels. It combines with haemoglobin over 200 times faster
than oxygen and blocks its function which restricts the supply of oxygen to
the blood. If 50% or more of the haemoglobin is transformed into carboxyl
haemoglobin, it can cause death. Some of the most common symptoms of
CO contamination are headache and dizziness, these symptoms may appear
at levels of 10%, which corresponds to concentrations of around 100 parts
per million (ppm) of CO.
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HCs: These gases, and in particular volatile organic compounds, (VOCs) are
normally the result of incomplete combustion in vehicles. They give rise to
the formation of ozone and photochemical smog in the atmosphere. Besides,
these gases cause impacts in the lungs and affect the respiratory system.
Table 2.1 shows projections made by the OECD on the global health impacts
on human health as a consequence of air pollution in 2010 respectively 2060.
The projections are based on forecasted concentration levels of PM (PM of
2.5 µg) and ozone, and although these concentration levels correspond to
outdoor pollution as a whole, they are indicative for the road transport sector,
having in mind the sector's significant contribution to air pollution.
Bronchitis in children aged 6 to 12
Chronic bronchitis in adults
Asthma symptom days (children aged 5 to 19)
Hospital admissions
Lost working days
Restricted activity days
Minor restricted activity days
(asthma symptom days)

2010
12
4
118
4
1240
4930
630

2016
36
10
360
11
3750
14900
2580

Table 2.1. Projected global impacts of outdoor pollution on human health (million cases). Source:
Adapted from OECD Policy Highlights The Economic Consequences of Outdoor Pollution, June
2016.

2.3

ECONOMIC IMPACTS

Most of the impacts local air pollution has on urban areas (buildings and
monuments), on agriculture (crop yields), and most importantly, on human
health have, in one way or another, consequences on the economy. Currently,
the negative impacts on human health are leading to deteriorated health, lost
working days and thereby, decreased productivity. Projections show that
globally by 2060, the annual number of lost working days are expected to reach
3.7 billion. Globally, air pollution-related healthcare costs are projected to
increase from USD 21 billion (using constant 2010 USD and PPP exchange
rates) in 2015 to USD 176 billion in 2060 [2].
In the absence of the appropriate measures to stop this development, the
consequences of air pollution will continue to worsen in the coming years and
decades. This is mainly due to increasing economic activity and hence
increasing income levels, which in turn leads to increased car ownership,
demand for transport fuels and kilometres driven. It is well known that
increased income levels in many parts of the world are leading to increased
demand for comfort and mobility. This relationship can be illustrated in figure
2.2.
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Increased economic
activity

Increased freight
demand

Increased kilometres
driven

Impacts on the
local and global
environment

Increased fuel
demand

Economic development

Increased income level

Increased
emissions from
freight transport

Increased vehicle
ownership

Increased
emissions from
passenger
vehicles

Increased kilometres
driven

ECONOMIC
COSTS

(HEALTH CARE, LOST
LIVES, RESTORATION
OF BUILDINGS, ETC.)

Figure 2.2 Relationship between economic activity and impacts. Source: The authors.
Figure 2.2 shows the direct relationship between increased economic activity
and the impact it may have on the environment and ultimately on the
economy, if the necessary measures that can enable a sustainable growth are
not taken. Therefore, in the absence of more stringent regulations, policies,
incentives and disincentives aimed at reducing pollution, the current
development taking place in many countries will likely continue. This section
deals with the economic consequences of local air pollution, while section 2.4
deals with the impacts on the global climate.
At the local level, pollutant emissions like SOx and PM contribute to
deterioration of buildings, monuments and depletion of materials. These
impacts lead to direct costs for societies since buildings and monuments need
to be restored. They have also direct economic consequences on agriculture
as more resistant crops need to be developed. In addition to this, local air
pollution has severe impacts on human health, giving rise to cardiovascular
and respiratory diseases and premature deaths. All these impacts pose
significant costs on society in terms of lost lives and healthcare costs.

Total market impacts
Share of income
Total non-market impacts
Share of income

2015
90
0.3%
1 550
5%
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OECD
2060
390
0.5%
3 750 - 3 850
5%

World
2015
330
0.6%
3 440
6%

2060
3300
1.5%
20 540 27 570
9 - 12%
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Table 2.1 Welfare costs of air pollution (billions USD). Source: Adapted from OECD
Policy Highlights The Economic Consequences of Outdoor Pollution, June 2016.
2.4

IMPACTS ON THE CLIMATE

As we discussed in Chapter 1, the transport sector as a whole accounts for a
sizeable and growing share of all greenhouse gas emissions and is thus the
principal contributor to global climate change [3]. Furthermore, the true
contribution of the transport sector must reflect a full life cycle analysis
including construction, operation and maintenance of roadways, railways,
vehicles, fuel production facilities and other components of the transport
system. Depending on the inventory and the methods of assessment, the
magnitude is in the range of one-quarter of all GHG emissions [4].
Within this sector, the contribution of passenger surface transport – cars,
taxis, buses, ferries, rail, motorbikes and scooters – is also sizable and growing,
up to 10% of all emissions. Clearly, some of these modes are more efficient
than others when it comes to a key metric: the emissions per person. When
measured in this way, it becomes clear that private motorized vehicles (cars,
taxis and motorbikes) are making an outsize contribution, and one that is
growing alarmingly in many parts of the world. This is simply not a sustainable
path.
In addition to the already discussed emissions impacts on health and
economic productivity, the projected impacts on the global climate are
nothing short of catastrophic. While the science is less clear about the specific
impacts of global climate change for different regions of the world, there is
now an unequivocal consensus within atmospheric science and related
disciplines that the phenomenon is occurring, and that it is already beginning
to bring – and without urgent remedy is likely to bring with increasing severity
– a growing series of human disasters [3].
In August, 2021, the Intergovernmental Panel on Climate Change, an
intergovernmental body of the United Nations’ 195 members, issued a report
titled Climate Change 2021: The Physical Science Basis. This 3,949 page report was
authored by 234 scientists from 66 countries, reflecting research from more
than 14,000 scientific papers. Among the report’s assessment of impacts:
• Sea-level rise of one-half to one metre is likely by 2100, but two to
five metres is not ruled out;
• Extreme weather is likely to increase in correspondence with rising
temperatures, with compound effects (e.g. heat and drought
together) impacting many, including vulnerable populations;
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•

There is likelihood of “an increasing occurrence of some extreme
events unprecedented in the observational record," such as
catastrophic heat waves, high winds, flooding, and wildfires.

On 12 October 2021, the World Health Organization also issued the “COP26
Special Report on Climate Change and Health,” noting a number of severe
impacts on human health including extreme heat, the increased spread of
infectious food-, water- and vector-borne diseases, the disruption of food
systems, and secondary impacts on mental health. Furthermore, the report
notes, climate change undermines many of the social determinants for good
health, and “threatens to undo the last fifty years of progress in development,
global health, and poverty reduction” [5].
Among other goals, the report sets a goal to “promote sustainable, healthy
urban design and transport systems, with improved land-use, access to green
and blue public space, and priority for walking, cycling and public transport.”
Included in its action points are:
1.
2.
3.

Phase out the internal combustion engine and reduce private car use.
End the sale of petrol and diesel vehicles and support a shift away
from private car use.
Prioritise walking, cycling and public transport. Prioritise walking
and cycling as healthy low-carbon modes of transport.
Create people-centred cities. Integrate health and equity and nature
considerations into urban and transport planning to create compact
and future-proof cities.

While many impacts from climate change are already emerging and are likely
to become more serious, it is also clear that actions taken now can have
dramatic benefits, at least relatively speaking. For one thing, we may lessen the
severity of future impacts. For another, we may be able to build a more
resilient and adaptive world in which changes in climate have a lesser impact
than they otherwise might.
These and other reports note that action now is particularly urgent because of
a phenomenon known as “path dependency.” The path we choose today
shapes the choices we will find available tomorrow, and this effect is magnified
over time. The more we build fragmented and auto-dependent street networks
now, for example, the harder it will be to change those streets later, and the
more we will increase our dependence on high-emissions private automobiles,
and related disruptive systems. Furthermore, emissions are not eliminated
when vehicle fleets are electrified, since embodied energy and materials tend
to generate emissions, as do many fuel sources for electric energy – at least for
the foreseeable future.
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Research has shown that alternative models of practice and supporting policy
– particularly in the transport sector – can achieve significant GHG emissions
reductions from current baselines [6]. By contrast, “business as usual”
development models are likely to result in dramatic increases of rates of
emissions, causing even greater negative impacts in the decades and centuries
ahead.
We have seen encouraging examples of successful collective action from the
recent past. For example, in just the last two decades, concerted international
action has arrested the emissions of dangerous chlorofluorocarbons, resulting
in the recovery of the Earth’s critical ozone layer [7]. We can take effective
action now – sometimes large-scale international changes in transport systems
or technologies, but sometimes too, small-scale, cost-effective shifts in the
ways we get around, as this book discusses. In that and other ways, we can
put ourselves on the path of reducing emissions impacts on our health, on our
economies, and on our global climate.

24

THE ROAD FORWARD

REFERENCES
[1] Doctoral thesis: The Value of Improved Air Quality in Santiago de
Chile. Jorge Rogat, 1998.
[2] Report: OECD Policy Highlights the Economic Consequences of
Outdoor Pollution, June 2016.
[3] IPCC AR6 WG1 (2021). “Technical Summary.” Arias, Paola A.;
Bellouin, Nicolas; Coppola, Erika; Jones, Richard G.; et al.
[4] IPCC (2021). Sixth Assessment Report, “Climate Change: The Physical
Science Basis.” Available on the Web at
https://www.ipcc.ch/report/sixth-assessment-report-working-group-i/
[5] World Health Organisation (2021). COP26 Special Report on Climate
Change and Health. Available on the Web at
https://reliefweb.int/report/world/cop26-special-report-climatechange-and-health-health-argument-climate-action
[6] Mehaffy, M. (2009). The factors of urban morphology in greenhouse
gas emissions: A research overview. IOP Conference Series: Earth and
Environmental Science, Volume 6, Issue 20, pp. 202-203.
[7] United Nations Environment Programme (2014), Ozone Layer on
Track to Recovery: Success Story Should Encourage Action on
Climate. 10 September 2014. Available on the web at
http://www.unep.org/newscentre/Default.aspx?DocumentID=2796
&ArticleID=10978&l=en

25

THE ROAD FORWARD

26

THE ROAD FORWARD

3. LOW-COST TECHNICAL OPTIONS,
DRIVING TECHNIQUES AND
REGULATIONS
TALAT MUNSHI, JORGE ROGAT
UNEP DTU PARTNERSHIP

3.1

MICRO-MOBILITY OPTIONS FOR FIRST AND LAST MILE
CONNECTIVITY

Growing cities, changes in urban form and travel patterns have led to an
increase in the demand for transport and distances that people travel [1]. In
dense urban settings, individual automobiles are no longer considered as
sustainable modes [2] as space is finite and use of individual automobiles have
large economic environmental and social costs associated with it [3]. There is
a limit to investments in the construction of new transport infrastructure,
especially the transport network, to meet this growing demand. Supply of new
public transport infrastructure is costly, and therefore theoretically there is a
limit to how many destinations a public transport network can reach by itself.
Instead, there is a need to optimise cost by making use of existing
infrastructure [3]. Vehicles that can carry one or two passengers, also termed
as micro-mobility solutions, are increasingly taking the central stage and have
led to a fundamental change in the manner in which urban residents travel in
many cities across the world.
When residents choose between modes and routes, they consider the entire
journey. That is, in the case of public transport mode, the access (first mile),
the line haul (the primary public transport mode including transfers if
required) and the egress (the last mile) [4]. Thus, the public transport mode is
always multi-modal, and the first and the last mile connectivity more-or-less
describes the difficulty or the ease of completing a journey using the public
transport system. The first mile and the last mile issue can plague the cities
with good public transport infrastructure [5]. In practice, public transport
loses on efficiency when compared to privately owned automobiles as there
are limited options available once a person leaves the line haul (public
transport infrastructure, for example, Bus Rapid Transport System). In table
3.1, statistics of access and egress mode and distances residents travel while
accessing and egressing from the public transport system are presented. From
the data presented in table 3.1, it is clear that most first and the last mile trips
are made by walking. The distance that residents are willing to or can
physically walk from the public transport system is limited, so, the first and
the last mile of public transport systems becomes a barrier to use public
transport modes. These barriers also limit the geographic coverage of public
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transport as urban transport planners cannot keep adding public transport
routes and stops. This transport conundrum is not very good for the efficiency
of the transport system; moreover, the use of private automobiles contributes
to increasing air pollution.
Walk
Delhi Metro
Beijing
Metro
Copenhagen

Access
Egress
Access
Egress
Access
Egress

40
56
54.4
73.5
51
77

Cycle

8.3
1.1
24
6

ECycle

3.8
3.8

Private
Automobile
11
3
4.2
10
3

Bus
12
9
29.3
25.4
15
14

ParaTransport
37
32

Table 3.1 Modes and travel time and distance to public transport mode.
Source: Compiled by the authors

Most studies in the past have assumed walking to be the most preferred mode
for the public transport user and have recommended demand-side measures
that require changes in urban form around the station areas to support it by
measures such as increasing the density, land use mix, and better street design.
These interventions ensure more opportunities are available around the
transport stations, and it is easy for residents to access them by walking.
However, there are limits to demand-side measure. For better optimisation of
the public transport system and increasing its geographic reach there is a need
to introduce access and egress modes that allow public transport users to
access an egress from and to the system from longer travel distances without
compromising time and effort [6].
An integrated transport system which combines public transportation and
micro-mobility solutions like e-bikes and e-scooters can help to solve the first
and last mile connectivity problem to an extent. Thus, vehicle sharing is
among the several concepts that are being considered as an option to reduce
the barriers that public transport users face during the first and last miles of
their connectivity.
With the advancement in digital technology and flexible payment options, the
bike-sharing market has developed [7]. Growing categories of transport
options are available that provided on-demand mobility to an individual,
particularly at the locations that have crowded and narrow streets. These
micro-mobility services are usually docked/dockless, use the mobile phoneGPS connectivity to track vehicle locations, and are designed for the first and
the last mile connectivity [8]. These modes provide the simplicity of sharing
vehicles with others while saving on cost and increasing flexibility, especially
in the case of shared electric scooters. However, as we see in most similar
initiatives, these micro-mobility solutions are facing many problems with
issues like unsustainable business models, fleet management, public safety and
vandalism [9].
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3.2

E-BIKE SHARING FOR THE FIRST OR LAST MILE

Public bike-sharing has been promoted by several platforms in the last decade
as a sustainable mobility solution to improve the first and the last mile
connectivity of public transport systems. Globally there has been a rapid
increase in both technologies (e-bikes and e-scooters). These technologies
allow sharing of bikes and the use of electric bikes with a general hope that ebikes can help in decarbonising the transport system. E-bikes have been a
popular mode of transport in Asia, mainly China, since the 2000s, and it is
gaining popularity in Europe in recent years [10]. Because e-bikes require
much less effort when compared to the conventional bike, they improve the
capacity and the ability of the residents to reach and access the public transport
system. However, they are more expensive compared to the conventional bike
and are not a natural replacement for walking and conventional bicycles.
Nevertheless, they can be looked at as a replacement for the automobile both
private and shared (autorickshaws and taxis). Although speed paddled, e-bikes
can have speed up to 45 km/h, shared e-bikes have maximum speeds in the
range between 15-25 km/h. A typical trip distance by walking is less than 1.5
km, and average walking speed is around 4-6 km/h, this can increase to 0.5-8
km trip distance in the case of bicycles, and 0.5-15 km in the case of e-bicycles.
Bike hire schemes have long been in operation. The first bike-sharing
programs were in the form of free bikes in an area which anyone could share
and use. The next group of shared bikes were like the once introduced in
Denmark in 1991, which used coin deposit stations; these were later replaced
with automated stations. The docking station was introduced which allowed
bikes to be borrowed and rented from an automated station or the docking
stations and returned to the same or any other docking station. Till 1990 there
were only ten cities across the globe that had bike-share schemes, by early
2000, the number of bike-sharing schemes globally has grown to more than
2900 which includes e-bike sharing schemes [11].
3.3

ELECTRIC SCOOTERS

Two different types of e-scooters are currently entering the market, that is, the
(stand-up) e-scooter and the ev-scooter (a moped on which the driver sits.)
The scooter has been an essential mode of transport in many parts of the
world, especially in the tropic and in urban areas with congested streets [13,
14]. Till recently these were only available as mopeds with Internal
Combustion Engines (ICE) and were mostly privately owned except few cities
like Bangkok where there is a long history of using a motorbike as a public
transport mode.
Development of e-scooters started in the 1980s, but the market for e-scooters
has picked up in the last decade. Two types of e-scooters are currently entering
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the market, that is, the (stand-up) e-scooter and the ev-scooter [12]. Most
electric scooter manufacturers are from China, Taiwan and Japan; China is the
leading producer and user of e-scooters. The market for e-scooters outside
the Asia-Pacific region is very small now. However, the e-scooter global
market is projected to grow at a very rapid rate. In most cities, the residents
do not always have to purchase their own micro-mobility solution as the
electric kick scooter (stand up) has recently grown in popularity with the
introduction of rideshare companies that use apps allowing users to rent
scooters by minutes. The trend of using e-scooters for micro-mobility was reenergised in 2018 when they were available as shared and dockless electric
scooters-- pioneered by Lime and Bird in the US [8, 15]. The e-scooters, as
can be seen from figure 3.1, are present worldwide and are expected to
increase their presence, as more and more rental companies will get funds to
introduce these into cities [16].

Legend
Major Cities
Major Cities
Cities with shared e-scooters

5,500

2,750

0

.

5,500 Kilometers

Countries

Figure 3.1: Cities with the presence of e-scooters as a micro-mobility solution (source:
compiled by the authors)
However, recently there have been growing concerns regarding public safety
that have led to problems not anticipated by the city planners [13]. As e-bikes
and e-scooters are easy to access and exit, there are problems related to
conflict of space (where they are parked) and have necessitated the need to
reorganise road spaces in urban areas. They have also forced city planners to
introduce segregated bicycle lanes which can also be used by e-scooters. The
traditional bicycle lanes also need modification to accommodate requirements
for higher speeds. There are issues regarding speed limits, and dangerous
manoeuvres around pedestrians and bicyclists, which have raised safety
concerns. Cities have also observed issues such as vandalism. Micro mobility
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solutions that are dockless (which include dockless bikes and e-scooters) tend
to litter footpaths, parks and other spaces like water bodies. Even though
companies providing micro-mobility solutions pledge daily pickups, littering
stills remains an issue. E-scooters signalling while turning or stopping is also
an issue as it makes the rider unstable while riding, moreover abuse of escooters, like use by more than one rider, has been observed. The nuisance
caused by e-scooters has resulted in a ban on its use in many cities like
Copenhagen. In Stockholm, Rachmanto (2020) observes that e-scooters have
decreased the level of comforts of pedestrians, yet the e-scooter riders
themselves feel that bike lanes are not conducive for e-scooter use and several
solutions especially in urban design are needed to solve the pedestrian and escooters conflict. The Swedish Transport Agency has also called for electric
scooters to be banned after an accident involving e-scooters.
Questions are raised regarding environmental benefits from e-scooters. Lifecycle analysis by Hollingsworth and Copeland [17] show that life cycle global
warming impact (GWI) of 125 g CO2-eq/passenger-km. A large portion of
this, 43%, comes from the daily collection for charging. Life-cycle GWI of
internal combustion petrol engine vehicle (ICEV) is the range between 240 300 g CO2-eq/km[18], per person impact would be around 165 g CO2eq/passenger-km (considering a vehicle occupancy of 1.45)[19, 20], the lifecycle GWI of a two-wheel motorcycle is 176 g CO2-eq/ km (146 g CO2eq/passenger-km). These numbers indicate there are only marginal GWI
benefits when using e-scooters over petrol two-wheelers and cars. E-scooters
could replace walking trips for the first and the last mile connectivity to public
transport, therefore, the introduction of e-scooters to the transport system
could end up having adverse climate change impact and the business-as-usual
case (with no e-scooters).
However, micro-mobility solutions like e-scooters also increase the reach to
public transport, which could result in most mode shifts from intermittent
public transport system like autorickshaws to e-scooter in cities like
Ahmedabad. Better access to public transport system can also result in shifts
from other modes to public transport. Public transport modes like buses have
less than half global warming impact compared to a petrol car. The end GWI
of e-scooters will of course depend upon travel behaviour of the residents
before and after its introduction. Nevertheless, there are many health and
safety concerns as suggested by Comer et al. (2020) E-scooter introduction
should therefore be done with caution, and with appropriate state and local
law and regulations. A widespread awareness-raising and education of end
users might also be required, if they are to be introduced as a mainstream
vehicle.
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3.4

FIRST AND LAST MILE CONNECTIVITY

Figure 3.2 is a conceptual diagram, which explains how micro-mobility
solutions like the e-scooter are integrated into the public transport system and
help in the first and the last mile connectivity. Public transport users can walk
to nearest available e-scooter. The location of which can be easily found out
using an app which in most cases should not be more than 100 m as e-scooter
are plenty available in cities where they have been introduced. Once the user
is able to access the e-scooter they use it till the public transport stops-- this
can be a Metro, BRTS or a regular bus stop. The public transport user drops
the scooter (exits) near the public transport stop and accesses the public
transport main mode. Likewise, while egressing from the public transport
mode, the public transport user finds a scooter close to the public transport
stop and rides it till his/her destination. Many public transport systems also
allow the scooters to be folded and carried on the system, so it should also be
possible for the public transport users to get on the public transport mode,
where allowed, with the scooter and use the same scooter as the egress mode.

Figure 3.2: Schematic representation of how standalone e-scooters can be integrated with
public transport
Figure 3.3 is the computation of accessibility to the public transport system in
the city Ahmedabad for two scenarios. The first is when all public transport
users walk to the nearest public transport stop, and the second scenario is
when all public transport stop (BRTs+metro) user use e-scooters to the
nearest public transport stop. Less than 5 minutes of access and egress time is
generally accepted thresholds for public transport indicating good accessibility
to the public transport system. From figure 3.2, it is clear that a large section
of the walled city part of Ahmedabad will have to walk for more than 5
minutes to access either BRTS or the proposed Metro system in the city.
However, if Ahmedabad was to introduce e-scooters to access public
transport then most parts of the walled city could access a public transport
stop in 5 minutes and the entire walled city area in less than 7.5 minutes. This
indicates that if e-scooters were integrated into the public transport system,
the accessibility to the public transport system and thereby to the location
using the public transport system would increase substantially.
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Figure 3.3: Access to nearest public transport stop in Walled city of Ahmedabad
From figure 3.3, it is evident that if residents use faster access and egress
mode, the time required to access public transport is reduced, and the escooter (because of its flexibility of getting on and off in standing position)
can be a good option. Likewise, e-bikes can be manoeuvred easily and provide
a good option for first and last-mile connectivity. Thus, similar benefits can
also be assumed for e-bike users; the only difference would be the requirement
for bicycle docking station at both ends of the first mile and the last mile trips
which can add inconvenience and increase travel time of the trips. E-scooters
need to be collected as stated which adds to its overall operating and
maintaining cost.
3.5 ECO DRIVING
Eco-driving is being increasingly recognised as a cost-effective and immediate
measure with a significant potential to improve fuel efficiency in vehicles and
thereby fuel consumption. Reduced fuel consumption means in turn
emissions reductions with the known benefits for both the local and global
environment. Eco-driving is essentially about a driving technique which is
more fuel efficient and environment-friendly, and that can be easily adopted
by any driver. It is of particular interest since the technological improvements
in new vehicles are not enough to, on their own, achieve the necessary
emissions reductions. According to IRU Academy, eco-driving can improve
fuel efficiency by up to 15% [21]. The principles of eco driving are quite simple
and can be implemented by any driver of a vehicle, whether it is a car, a bus,
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a light or heavy duty vehicle. Eco driving is basically about a series of measures
that can be taken by the driver such as maintaining a constant speed (avoiding
sudden acceleration or deceleration), shifting gears optimally, and avoiding
high speeds since this will inevitably increase fuel consumption. Optimal gear
shifting is particularly relevant when it comes to cars with manual
transmission. Most, if not all, of today's new vehicles indicate in the front
panel when it is time for shifting to a lower or a higher gear. For owners of
older cars, which are not equipped with this technology, it's important to listen
to the sound of the engine. For instance, louder engine sound means the
engine is working at unnecessarily high RPM (revolutions per minute) which
leads to higher fuel consumption, and therefore shifting to a higher gear is
needed. This may not be easy to notice at high speeds, but it is definitely
possible at lower speeds. Another technique that can be used to reduce fuel
consumption is "block changing", which means gear shifting does not need to
be in sequence but that the driver can skip next gear and jump to a higher gear
instead [22]. This has benefits such as increased fuel efficiency and preserves
the life of the car's clatch. Although all these eco-driving techniques may
appear trivial, not providing significant benefits in terms of reduced fuel
consumption, in fact they do. Therefore, eco-driving programmes should be
introduced at a larger scale to take advantage of the multiple benefits of eco
driving. This especially because eco-driving programmes constitute a very
low-cost measure since the training can be added as an additional training
component in already existing driver training programmes, and this is
normally the way it has been introduced in many countries.
Evidence from a number of EU countries where eco-driving programmes
have been introduced shows it has given rise to multiple benefits for the
environment as well as for car owners' economy, this since decreased fuel
consumption leads to reduced fuel expenses. Another benefit for the local
environment and human health is reduced exposure to pollutants like NOx,
SOx and particulate matter. For the global environment, the main benefits are
in terms of CO2 emissions reductions since these emissions are directly
proportional to fuel combustion. Furthermore, there are also benefits for
society at large in terms of reduced number of car accidents, with
corresponding benefits such as reduced need of health care and costs related
to car repair. These are all benefits that can be attributed to a more friendly
and relaxed driving style. Table 3.2 below shows a taxonomy of some of the
benefits eco-driving give rise to.
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Area benefitted
Safety
Environment
(local/global)
Economics

Social

Benefit
• Increased road safety
• Improved driving skills
• CO2 emissions reductions
• Local air pollution reduction
• Noise pollution reduction
• Reduced fuel consumption
• Reduced maintenance expenses
• Reduced healthcare expenses due to car accidents
•
•
•

More responsible and relaxed driving
Stress reduction while driving
Increased ride comfort for both driver and passengers

Table 3.2 Benefits of eco-driving. Source: The authors.
One example of the positive impacts of eco-driving is the programme
introduced in the EU, the ECOWILL (Widespread Implementation for
Learner Driver and Licensed Drivers) project. The programme, which was
supported by the European Commission Intelligent Energy Programme, was
implemented during 2010 and 2013 in 13 EU countries [23]. Among the
results that could be observed is an average reduction in fuel consumption of
between 9.2 and 18% among the drivers that attended the short duration
training. The weighted average fuel consumption reduction found in the 13
countries of the ECOWILL programme was 14%. Other benefits from the
programme were reduced levels of emissions and decreased number of
accidents.
Achieving a more economic and friendly driving style can be facilitated with
newly developed technological devices that can guide drivers (prior to driving,
while driving or post driving) on how to do it thus achieving the expected
benefits of eco-driving. Figure 3.4 shows an example of an eco-driving device.
A similar device was used in a study conducted in the Riverside area,
California, USA in 2010. In this study, 20 drivers used the eco-driving device,
known as Eco-Way for their daily commute for two weeks. The study found
an improvement in fuel economy of 6 percent on city streets and 1 percent on
highways [26].
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Figure 3.4. Eco-driving device.
Real-time normalised indicators as the one specifically developed for this
purpose constitute an excellent tool to, in real time while driving, support the
driver to achieve a more economic, secure and environment-friendly driving
style. This communication device provides immediate feed-back to the driver
who can adjust to a more economic and friendly style during the trip itself. It
can provide also a post driving summary illustrating the driver's actual costs
incurred by driving on a trip-by-trip basis, thus suggesting changes to his/her
driving style.

Figure 3.5. Communication of eco-driving results, conceptual framework. Source:
Transportation Research [27]
Other measures aimed at improving vehicle and fuel efficiency that are
suggested in eco-driving programmes are good maintenance, regular checks
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of the car such as tyre-pressure, reduction of unnecessary vehicle weight, and
to avoid unnecessary idling. Anti-idling measures will be further discussed in
next section, while the benefits of using LRR tyres will be presented in section
3.7.
3.6

ANTI-IDLING REGULATIONS

Anti-idling regulations offer a very effective measure at practically zero cost
to reduce vehicle transport emissions from urban areas. As with eco-driving
measures, it gives rise to a number of benefits such as improved air quality
(both local and global) and improved economy for car owners due to fuel
savings and reduced engine wear. An idling vehicle emits significantly more
pollutants than when it is driven at a constant speed. Besides, since the
emissions from idling vehicles are emitted in inner-city areas, their impacts on
human health are of greater magnitude, especially on children, pregnant
women and the elderly who are directly exposed. Anti-idling regulations have
been in place in many countries and in particular in European countries and
the USA. Unfortunately, the level of compliance has been low since drivers
are not following the rules as they should, which depends to a large extent on
the fact the required monitoring and enforcement mechanisms are not
effective. Two likely reasons for the lack of compliance with anti-idling
regulations that can be mentioned are: 1) there is a misconception among
vehicles drivers regarding anti-idling, grounded on the belief leaving the
engine on will consume less fuel than turning it off and on and 2) there is a
lack of understanding among car drivers about the negative impacts idling has
on both their economy and on the environment. The misconception regarding
fuel consumption may have been true for old technology 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. The other reason
is the lack of appropriate monitoring and enforcement mechanisms. A likely
explanation for the second reason for ignoring the regulation is the lack of
knowledge about the negative impacts of idling. An idling car gives rise to a
number of negative impacts for the environment besides the ones already
known. It dirties the local environment and the engine due to incomplete
combustion thus leading to an increased level of pollution and fuel
consumption of around 4-5 per cent [28]. In vehicles suited with start-stop
systems the engine is (if the system is working properly) automatically turned
off when the vehicle is stopped and immediately restarted when the driver
presses the accelerator or lifts off the brake/clutch. The system is particularly
effective for reducing idling in heavy traffic conditions, when the levels of air
pollution are at their highest.
An issue that has come up in conjunction with the development of new and
more advanced technologies is that these are not being used optimally and
therefore not giving the expected results. Despite the fact most of today's new
vehicles (if not all) are equipped with the auto-stop and start technology, this
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function can be turned off thus not being used to the fullest. Not very seldom,
car drivers are found sitting in idling cars in crowded inner-city areas in many
European cities and elsewhere, exposing children, pregnant women and
elderly to pollutant emissions such as PM, SOx and NOx, pollutants that as
mentioned earlier, may have detrimental impacts on human health. This
happens even in cities where anti-idling regulations have been introduced. In
this context, there are two important aspects worth consideration; firstly,
monitoring and enforcement. Without the required monitoring and
enforcement mechanisms in place, compliance will be an issue. Secondly,
providing the technology without the necessary information about the
benefits of using it adequately will not be enough to get the expected effects.
The fact that car drivers are not complying with this law is evidence enough
to realise complementary measures as the ones mentioned above, are needed.
The effectiveness of new technologies depends very much on the level of
understanding of the users about how to use the technology optimally, but
also, about the benefits the technology brings if used correctly. In many places,
informative campaigns are implemented as a means to raise awareness among
drivers of the benefits of this technology. Below examples of anti-idling signs;
one with more descriptive information about the negative impacts of idling,
the other directly restricting idling.

Figure 3.6. Anti-idling signs in the UK.
3.7

LOW-ROLLING RESISTANCE TYRES

The type of tyre normally used in vehicles provide a very good grip, which
reduces the risk of sliding and also effectively reduces the distance to stop the
vehicle when the breaks are applied. This is mainly because the surface area
of the tyre in contact with the road is large. The grip can be referred also as
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the friction between the tyre surface and the surface of the road. However,
for a vehicle to be able to roll, it needs to overcome the frictional force and
inertia and for that, the vehicle needs the engine, which in turn needs fuel.
Reducing the rolling resistance in vehicles by replacing conventional tyres by
low-resistance (LRR) tyres is a way of significantly reducing the power the
vehicle needs to travel and thereby, improving fuel efficiency and reducing
fuel consumption. The good news is that modern LRR tyres do not
compromise safety or performance; they maintain a good grip without
increasing breaking distance. A lower rolling resistance can be also achieved
to a lesser extent simply by having the right tyre pressure. Reducing the rolling
resistance in a vehicle can significantly decrease the fuel expenses for the
driver (due to decreased fuel consumption) and hence, the levels of emissions.
Rolling resistance stands for around 20-30 per cent of the total vehicle fuel
consumption [28] and therefore, any measure aimed at achieving a reduction
in rolling resistance is worth consideration. The considerable positive effects
LRR tyres have on fuel economy have been also recognised by the EU and it
has therefore introduced energy efficiency policies in the EU region regarding
the requirement for all new cars, of all models from 2014 to be equipped with
low rolling resistance (LRR) tyres. This regulation was followed by a second
and more stringent regulation in a second phase in 2017 affecting all new cars
[29].
LRR tyres are designed in such a way that the tyres do not absorb the energy
used to roll the tyre in the same way conventional tyres do. Studies show a
reduction relationship of approximately 10-20 per cent. This essentially means
a decrease in rolling resistance by around 10 per cent will end up in a reduction
of fuel consumption of between 1 and 2 percent [30]. Another way of reducing
the vehicle's rolling resistance is by changing to smaller tyre dimension. This
may have a great impact in fuel consumption, but also, the in the level of noise
which is beneficial for the driver and passengers. A decrease in the dimension
of the tyre by 1 per cent will decrease the aerodynamic resistance by
approximately 1.5 per cent [31]
The importance of using LRR tyres is further reinforced by the regulation
regarding the requirement for all new cars to be equipped with Tyre Pressure
Monitoring Systems (TPMS). Although the existing car fleet in many countries
is composed of a significant number of old cars, not being equipped with LRR
tyres nor with TPMS, a lower tyre rolling resistance can be achieved simply by
maintaining the right tyre pressure. Studies show that a lost in tyre pressure of
1 bar will lead to an increase in rolling resistance of 30 % [25].
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Source: Advanced Structures India.
3.8

DISCUSSION AND CONCLUSIONS

There are many noticeable benefits from the use of e-scooters and e-bikes.
For public transports commuters it means travel time gains. For the
environment, it means reduced levels of pollutant emissions. From the
transport efficiency point of view, micro-mobility modes are good options in
urban regions with congested and narrow streets, with longer egress and
access distance from public transport stops. However, implementing escooters or e-bikes as public transport access and egress option can be
difficult. As many cities in Europe and elsewhere in the world have seen, those
implementing e-scooter and e-bike programs in cities can face issues like
problems with vehicle collection, traffic safety, vandalism, and pathway
blockage from careless placement (a growing problem for mobility-impaired
travellers). More specifically, e-scooters have shown to be unsafe and risky,
and many cities have banned their use as shared mobility options.
In developing country contexts like India, and the more specific case of a city
like Ahmedabad, these problems can escalate, especially the issues related to
vandalism and traffic safety. Modes like the e-scooter can be very difficult and
risky to operate in mixed traffic congestion with no bicycle lanes. As these
modes also replace the last mile mode which is mostly walking, there are also
affordability issues as overall journey price can increase substantially.
Therefore, if these e-scooters are not integrated with the public transport
ticket costs (or match shared auto-rickshaw prices) they can increase the cost
of overall public transport trip and price out a large section of the population.
The problems of collecting the used vehicle with discharged batteries for
charging also escalates its global warming impact. A simpler ownership/lease
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model for e-scooters can also ease out the need for collection and reduce its
GWI impact. The Climate Works EV-100 initiative encourages business and
corporates to facilitate a transportation towards EVs (cars). A similar model
can be employed for e-scooters, where these are owned by companies or
apartment landlords, and leased or loaned to employees or residents for
commuting and other travel. Public transport companies can also support
such initiatives by allowing PT users to ride on buses or metros with their escooters.
Therefore, on the one hand, e-scooters and e-bikes do provide an opportunity
to increase the coverage areas of public transport systems, and provide an
opportunity for more residents to use the public transport system in congested
urban areas. On the other hand, their introduction as first and last-mile
options for public transport service has to be planned and designed
appropriately. For these to be low cost and viable solution for the developing
world, technology for charging will have to improve. Technically, developing
countries where labour costs are not very high can also look for cost-effective
methods of operating e-scooters, including more efficient collection for
charging.
But this will not solve the problem of e-scooters littering the streets. A
possible way forward is a cost-effective design of docking stations so that
these can be provided in higher numbers, with better access to bikes and escooters. Incentives could be provided for docking e-scooters to chargers,
reducing the chance of their littering on streets, and also eliminating the need
for collection when the battery is discharged.
Achieving the objective of reducing emissions from passenger road transport
requires not only the provision of affordable cleaner technologies like escooters and e-bikes, but also that other low-cost measures are also
implemented concurrently. Only by putting in place a package composed of a
series of cost-effective measures, technologies and techniques to reduce
emissions (both local and global) will this be possible. Therefore, measures
like eco-driving programmes and anti-idling regulations, with the appropriate
monitoring and enforcement mechanisms in place, could be an effective way
to achieve the desired results. Both eco-driving and anti-idling measure have
proven to be effective measures. Eco-driving training programmes have been
introduced in many countries, and they demonstrate that significant emissions
reductions can be obtained. Similarly, anti-idling regulations have proven to
be a remarkably cost-effective measure. Nevertheless, for these measures to
be effective, the necessary monitoring and enforcement mechanisms need to
be in place. All these technologies require techniques and measures in the
form of regulations, and adequate information about how to optimally use the
technologies and techniques. Users also need compelling information about
the positive effects of the technologies.
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4. DEMAND-SIDE MANAGEMENT
STRATEGIES: NON-ECONOMIC
INCENTIVES
JORGE ROGAT
UNEP DTU PARTNERSHIP

4.1 BEHAVIOURAL CHANGE THROUGH INFORMATION AND
AWARENESS RAISING CAMPAIGNS: EXAMPLE
The lack of awareness among politicians and decision makers about the
serious, and sometimes irreversible negative impacts that the emissions from
the transport sector pose on the environment (local and global), as well as the
lack of information about the social, economic and environmental benefits a
sustainable transport system may bring about, is one of the main reasons for
the inaction towards the implementation of policy measures aimed at
achieving more sustainability in the sector. The misconception about the cost
of policy measures aimed to achieve this, believing any effective measures may
be cost-prohibitive, is another factor to be added. This lack of awareness can
be also observed among citizens, which is reflected in individuals' behaviour.
It is therefore of paramount importance that information about the negative
impacts of unsustainable transportation and of the benefits of sustainable
transport, as well as the adequate information about available travel options is
conveyed in such a convincing way to politicians and decision makers, but also
to all citizens, so the necessary awareness is created which may ultimately lead
to an increased political will among politicians and decision makers to address
the problem, and to a behavioural change among citizens.
A well-designed information and awareness raising campaign about the
benefits of sustainable transport is a very cost-effective way of creating the
necessary awareness leading to increased political will and behavioural change,
if not in the short term, at least in the long term. Transport authorities at the
national and city level as well as municipalities at the local level can organise
massive campaigns aimed at influencing and changing transport users'
behaviour. In this context, it is very important that all the necessary elements
for a successful campaign are taken into consideration, and clearly outlined
from the beginning. Important elements to be considered are; objective of the
campaign (what is to be achieved), target audience (to whom will the message
be directed), message to be conveyed (benefits of sustainable transport), media
to be used (what channels i.e., TV, local radio, posters, leaflets, etc.), and type
of communication activity (social events, common activities, others). For
instance, a campaign with the objective of promoting a modal shift from
private motorisation to public transport or non-motorised transport (walking
and biking) should be directed to private car owners. This way, both the
objective (discouraging the use of private car in favour of public or/and non-
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motorised transport) and the target audience (private car owners) have been
defined. A well-designed information and awareness raising campaign should
also include information regarding alternative modes of transportation, for
example public transport (buses, metro, etc.) including the service it provides
in terms of frequency (timetable), stops, route, etc. This way, the message
being conveyed will provide concrete options on travel choice and enjoy a
bigger credibility. A campaign can be designed with an informative focus, and
have at the same time an indirect persuasive purpose. For instance, by
informing workers, students and other transport users with detailed
information regarding best travel options regarding a certain route, and its
benefits, which may incentivise citizens to take advantage of the information
being provided with respect to available travel options.
The effectiveness of an information and awareness raising campaign will vary
depending on the way it has been designed and implemented. In this context,
there are strategies that can be applied. In a guidebook on "Planning and
Implementation of Campaigns to Promote Bicycle Use in Latin American
Countries" [1], four key aspects which a campaign to be effective should focus
on are mentioned. These are: 1) affective; 2) rational; 3) movement and; 4)
community-social. The first aspect includes strategies directed to people’s
sensibilities and emotions. This is meant to evoke happiness, the sense of
freedom, and all the positive feelings associated with using a sustainable mode
of transportation; for example, the bicycle. This should be complemented by
persuasive activities, mainly emotional. The affective aspect can be presented
in advertisements, through street activities or other activities, which do not
necessarily involve citizens. The second aspect relates to the use of rational
arguments, technical, statistical and numerical in nature. It includes presenting
objective information about the benefits of the suggested transportation mode
being suggested and its benefits in terms of, for example, reduced use of road
space, zero or decreased pollution when in movement, energy efficiency,
shorter travel times, lower cost of use, etc. These arguments should be put
forward by citizens who stand for high credibility, through conferences or
other information, printed or verbally. The third aspect includes strategies to
involve citizens, for example by initiating a travel by foot, bicycle or public
transport through the city, for any purpose (preferably with a transport
purpose during a work/school day). Sunday bicycle rides and days without the
car are also considered, as well as festivals and strategies geared at functional
trips, such as trips to work, school, or any other activity that involves people.
The fourth aspect involves activities in which teams of people are in charge
of promoting sustainable transportation for reasons such as environmental
ones. This generates groups of citizens who organise events in their cities to
promote, for instance, bicycling. The suggested methodology includes
components with a relatively chronological sequence, although some steps
could be implemented in parallel. For the suggested methodology it is
suggested both government representatives and citizens are involved; having
the support from both is key as it helps to create a synergy between
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government, citizens and other stakeholders. These four aspects are applicable
also to other types of campaigns having the objective of producing
behavioural change among transport users. Some examples are campaigns
against idling, eco-driving and others, where posters and leaflets can be used.
In Chapter 3, section 3.6, examples of posters and leaflets promoting innercity anti idling, showing the negative impacts it has on human health.
There are many examples showing massive information and dissemination
campaigns aimed at raising awareness among relevant stakeholders that have
been successfully implemented all over the world, with results beyond
expectations. Perhaps some of the most common implemented awareness
raising campaigns in this respect, are the ones promoting the use of bicycles.
Most of these campaigns have had the objective of discouraging the use of
private cars in favour of the bicycle by informing and widely disseminating the
health and the environment benefits of biking. An effective campaign aimed
at promoting a modal shift from the private car to the bicycle or public
transport, will give rise to significant improvements in terms of reduced fuel
consumption and thereby reduced fuel expenses for car owners, and most
importantly, decreased air pollution. A modal shift to the bicycle will besides
have benefits in terms of improved health, thus being a win-win option.
Information and awareness raising campaigns may not be something that will,
as mentioned earlier, lead to radical changes in the short term, but it will
definitely do that in the long term. The bicycle represents a highly efficient
mode of transport, and besides being healthy, it decreases the time of travel.
Several studies show that the bike is the fastest transportation mode for short
distances of up to 5 kilometres, which represents the largest share of travels
in dense inner-city traffic. For instance, a comparative study conducted in
New York in 2014 between taxi services and bicycle-shared systems, shows
that in dense traffic conditions and particularly during peak hours, the bicycle
is either the faster or equally fast mode of transportation [2]. Besides the fact
bikes can be a faster transportation mode than cars when traveling short
distances in inner-city, the urban space taken is significantly less than the one
taken by cars. Figure 4.1 shows a comparison between the urban space taken
when the same amount of people use three different modes of transportation;
the bus, private car and the bicycle. Evidence from many countries shows,
achieving an increased share of the bicycle as mode of transportation requires
the implementation of a well-designed and massive dissemination campaign,
which can influence and convince citizens of the significant benefits of biking
and give rise thereby to the desired impacts. In this context, using strong and
persuasive arguments such as decreased fuel expenses, improved health,
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decreased and much better use of urban space and thereby reduced congestion
and air pollution, is crucial.

Figure 4.1. Urban space taken by mode of transportation. Source: CPF, Cycling Promotion
Fund
Massive dissemination and information campaigns about the benefits of using
the bike as mode of transportation have been successfully implemented in a
number of cities around the world. Some examples are Bogota, Colombia;
Amsterdam, Holland; Lima, Peru and Concepción, Chile, but also in many
other cities elsewhere. In the case of Bogotá, NMT policies, an effective
awareness raising campaign in favour of the use of the bicycle and political
commitment, increased the number of bicycle trips by four [3]. Strategies
composed of both individual activities (bicycle rides, bike to work initiatives)
and techniques of persuasion for the population (which entails providing
information to the community) will be highly effective in changing people’s
attitude. Below is an example where this type of campaign was successfully
implemented.
In December 2010 the city of Concepción, second largest city in southern
Chile, implemented a massive dissemination and information campaign about
the benefits of the bicycle. The campaign was part of the project “Promoting
Sustainable Transport in Latin America and the Caribbean: Concepción,
Chile” project, implemented by the United Nations Environment Program
(UNEP), and executed by the UNEP DTU Partnership, former UNEP Risø
Centre, in collaboration with the Sub Secretariat of Transport (SUBTRANS)
and the Inter-ministerial Secretariat of Planning in Transport (SECTRA), both
of the Chilean government. This with the objective of encouraging people to
use the bike on the newly constructed bicycle lanes, which were meant to be
a complementary transportation mode to the newly constructed semi BRT
(Bus Rapid Transport) system of Concepción so called BioBio. Before the
campaign, these lanes were more or less empty (see Figure 2). The reason for
the reluctance to use the bike was mostly cultural in nature; in many conducted
interviews, people revealed high precipitation in the city of Concepción as one
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of the main reasons for not using the bike. Another reason was the fact that
the bike was not considered a valid mode of transportation, a fact that can be
associated with the belief that the bike does not signal a high status (it is rather
seen as a transport mode for the poor), in comparison to driving a car. The
campaign counted on the participation of television personalities and other
famous people of the city, and it gave results beyond expectations, with a
significant increase of bicycles sales as well as increased ridership. Apart from
that, the increased motivation among transport authorities of Concepción and
its region, resulted in the construction of 17 additional kilometres in
Concepción and of 70 kilometres in the whole region of bicycle lanes between
2007 and 2017, with 24 more kilometres to be constructed.

Figure 4.2. BioBio transport project, Concepción, Chile Source: The authors.
The implementation of the so-called Cycle Rides in the city of Concepción
(Figure 4.3), which were part of the promotional campaign, substantially
changed the perception about cycling among citizens, and today, the longterm effects of the campaign can be clearly observed. From being a city where
the constructed bicycle lanes were nearly empty, the use of the bicycle lanes
has increased by around 50% [4]. The city of Concepción is, after investments
in its bicycle lanes during the last years, today ranked as one of the cities with
the best bicycle lane infrastructure [4]. This is quite likely the long-term result
of a massive promotion and dissemination campaign that started several years
ago.
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Figure 4.3. Cycle Rides in Concepción Chile. Source: Solutiva Consultores
As mentioned earlier, often the lack of information and awareness about the
benefits of a more sustainable mode of transportation is what hinders
politicians and decisionmakers to be willing to implement measures aimed at
achieving the needed improvements, but also, what hinders citizens to change
their perception and travel behaviour. For instance, many times simply the
lack of information about the services (frequency and stops) public transport
like buses can offer, prevents potential riders from using public transport. The
reluctance to switch from private car to more sustainable modes applies in a
similar way when trying to get people from the private car to the bicycle as
when trying to get people from the private car to public transport. However,
as the evidence shows, changes can be achieved when well-designed
campaigns are implemented.
Other examples of awareness raising campaigns that can be mentioned are the
"TravelWise" and "In Town Without My Car" campaigns. These campaigns,
which were implemented already in the beginning of the 2000 in the UK
included several promotional activities such as Bike Week, Walking to school
Week, and used several media channels to raise awareness of the negative
impacts originating from certain transport choices, and what could be done to
remediate it, including change of attitude and travel behaviour [5].
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5. DEMAND SIDE MANAGEMENT
STRATEGIES: ECONOMIC INCENTIVES
TODD LITMAN
Victoria Transport Policy Institute

5.1 INTRODUCTION
Many current policies – from the way we finance transportation infrastructure
and design roadways, to parking mandates in zoning codes – are intended to
make automobile travel cheap and convenient, often to the detriment of other
modes [1]. This results in high levels of vehicle travel, and associated costs.
Many jurisdictions are starting to reform automobile-oriented policies in order
to increase transportation efficiency and affordability [2]. This chapter
describes various ways to do this.
Transportation Demand Management (TDM) refers to various policies and
programs that encourage travellers to use the most efficient option for each
trip [3]: walking and bicycling for local errands; ridesharing and public
transport services when travelling on major travel corridors; telework
(telecommunications and delivery services that substitute for physical travel)
when feasible; and automobiles when they are truly most efficient overall,
considering all impacts (benefits and costs) [4].
TDM can significantly increase transportation system efficiency, that is, it can
reduce the money, infrastructure, fuel and land that people require to access
services and activities. As a result, it can provide large economic, social and
environmental benefits. These include reduced traffic congestion,
infrastructure cost savings, consumer savings and affordability (savings to
lower-income households), more independent mobility for non-drivers
(which helps achieve social equity goals), reduced crash risks, improved public
fitness and health, energy conservation, and open space preservation.
TDM can be justified in several ways:
• To solve specific problems. Most TDM strategies help solve
multiple problems. For example, they can help reduce pollution
emissions, traffic congestion and parking problems, and provide
more independent mobility for non-drivers. When all impacts are
considered TDM strategies are often the most cost-effective solution
to these problems.
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•

•

For economic efficiency. Automobile travel is currently underpriced, since the majority of costs are either fixed or external,
resulting in economically excessive motor vehicle travel, that is,
vehicle travel with marginal costs that exceed its marginal benefits.
TDM strategies can favour higher value trips and more efficient
modes, and reduce vehicle travel to more optimal levels.
To achieve social equity goals. Conventional planning creates
automobile-dependent transportation systems which poorly serve
the mobility needs of people who cannot, should not or prefer not
to drive. Many TDM strategies help create a more multi-modal, and
therefore more equitable and affordable transport system.

Although most TDM strategies only affect a small portion of total vehicle
travel, their impacts tend to become more effective if implemented as an
integrated program that includes a combination of coordinated policies and
programs. This can create a more efficient, affordable and equitable
transportation system. When all impacts are considered, TDM is often the
most cost-effective and beneficial way to reduce transportation emissions.
5.2

TYPES OF TDM STRATEGIES

There are various types of TDM strategies. Some improve resource-efficient
modes. Others give travellers incentives to use the most efficient option for
each trip. Others create more compact communities where travel distances
are shorter.
5.2.1 Improve Resource-efficient Modes.
Communities can improve resource-efficient modes with multi-modal
transportation planning which recognizes the important roles that walking,
bicycling, ridesharing and public transport play in an efficient and equitable
transportation system.
Conventional planning tends to evaluate transport system performance based
primarily on automobile travel conditions, using indicators such as roadway
level-of-service and estimates of traffic congestion delay. In addition, most
jurisdictions have dedicated roadway funding, plus parking minimums that
force property owners to spend money and land on off-street parking; these
resources generally cannot be shifted to improving non-auto modes even if
such investments are more efficient and beneficial overall. These practices
create automobile-dependent, sprawled communities where it is difficult to
get around without a car.
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Sustainable transportation planning inverts the conventional transport
planning hierarchy to favour resource-efficient modes in planning decisions,
as illustrated below:

Figure 5.1. Sustainable Transportation Hierarchy. Sustainable transportation inverts the
existing planning hierarchy to favour resource-efficient modes over private automobile travel.
5.2.2 Complete Streets and Road Space Reallocation
Multi-modal planning includes complete streets policies, which ensure that public
streets are designed to accommodate diverse modes and uses [5]. This tends
to increase the portion of road rights-of-way dedicated to sidewalks, bike-lanes
and bus-lanes, plus crosswalks, traffic calming and traffic speed reduction
programs to improve pedestrian and bicycle safety.
Road rights-of-way are most jurisdictions’ most valuable assets. Currently,
most public roads are designed and managed to favour automobile travel, with
most road space allocated to motor vehicle traffic and parking. TDM often
reallocates some of this road space to favour resource-efficient modes by
widening sidewalks, installing bike- and bus-lanes, and narrowing traffic lanes
to reduce traffic speeds. This is particularly appropriate in dense urban areas
where road space is scarce and valuable, and there is significant demand for
non-auto modes of transport.
For example, bus lanes can be justified on an urban arterial, where, after they
are installed, those lanes will carry at least 600 bus passengers, since that is
more travellers than a general traffic lane. Such a change also encourages shifts
to public transport, by making bus travel faster and more reliable than driving.
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Figure 5.2: Before and After Complete Streets Redesign (NACTO 2017)
5.2.3

Financial Incentives to Choose Efficient Travel Options

For a transportation system to be efficient and fair, vehicle users should pay
their share of road and parking facility costs, plus compensation for
congestion, crash risk and environmental damages they impose on other
people. This gives travellers incentives to use the most efficient option for
each trip, for example, to choose routes and modes that reduce congestion,
risk and pollution emissions.
Currently, automobile travel is significantly under-priced. Motorists do not
generally pay directly for using roads and parking facilities, and are seldom
charged for the congestion, crash risk and pollution damages they impose on
their communities. There is a rich vocabulary to describe overpricing, we say
that somebody who is overcharged is gouged, cheated, or ripped off. There is no
comparable vocabulary to describe under-pricing although it is equally
harmful and unfair, since prices that are too low impose costs on other people.
Since automobile travel tends to increase with income, such under-pricing
tends to be regressive, resulting in poorer households bearing more than their
share of costs, while their wealthier neighbours pay less than their fair share.
This under-pricing significantly increases automobile travel and associated
costs. For example, roads and parking facilities are never really free; they can
either be financed directly through user fees or indirectly through taxes and
building rents. When motorists pay directly, they typically drive 20-40% less,
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reflecting the low-value vehicle-kilometres that motorists are most willing to
forego in order to save money. This indicates that 20-40% of roadway costs,
traffic congestion, traffic crashes and pollution emissions are the result of
under-priced roads and parking facilities.
Another form of under-pricing results from the large portion of vehicle costs
that are fixed expenses that motorists pay regardless of how much they drive.
Variable costs – the expenses that motorists consider when making short-term
travel decisions – are relatively low. This price structure encourages people to
drive even when they have convenient alternatives. For example, because of
this price structure, it is often cheaper to drive than to use public transport,
because transport fares cost more than fuel costs. A variety of pricing reforms,
described below, reward travellers for driving less and relying more on
resource-efficient modes.
Motorists often complain when they are charged for using previously unpriced
roads and parking facilities, but these facilities are never really free; the choice
is between paying for them directly through user fees, or indirectly through
higher taxes to pay for roads, and higher rents to pay for off-street parking
facilities. Paying directly is always more efficient and fairer, and it gives
travellers new opportunities to save money when they reduce their vehicle
travel. For example, if residential parking is automatically included in
apartment rents, everybody pays including car-free households. If parking is
rented separately, households can save thousands of dollars annually if they
reduce their vehicle ownership. Similarly, distance-based insurance premiums
allow motorists to save hundreds of dollars annually if they commute by
bicycle or public transport rather than drive to work, representing the reduced
crash risk and insurance claim costs that resulting from the reduced vehiclekilometres.
Fuel Pricing and Taxes Including Carbon Taxes.
Fuel prices vary widely depending on public policies. Some countries subsidize
fuel, while others levy fuel taxes to recover roadway costs, and carbon taxes
to encourage energy efficiency. The figure below illustrates the range of fuel
prices around the world.
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Figure 5.3. International fuel prices. Fuel prices vary widely. Higher fuel prices are an
effective TDM strategy and encourage use of more efficient vehicles. [6]
Higher fuel prices are an effective energy conservation strategy. The price
elasticity of vehicle fuel is typically about -0.3 in the short run and -0.7 in the
long run, meaning that a 10% price increase reduces fuel consumption 3% in
a year or two, and 7% in five to ten years. Short-term fuel savings consist of
reduced driving and shifts to more fuel-efficient vehicles owned in multivehicle households. Over the long-term, higher fuel prices encourage
consumers to purchase more fuel-efficient vehicles.
Road tolls and decongestion pricing
Road tolls are fees for driving on a particular roadway, generally used to finance
highways and bridges. Decongestion (or just congestion) pricing refers to road tolls
that are higher under congested conditions in order to reduce traffic volumes
to optimal levels. Both are effective TDM strategies that can help reduce
traffic congestion, accidents and pollution emissions.
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Efficient parking pricing
In most jurisdictions, a major portion of parking is subsidized, financed
indirectly, which is economically inefficient and unfair, since this forced
people who drive less than average to finance the costly parking facilities of
those who drive more than average. Efficient parking pricing means that
motorists pay directly for using parking facilities, with higher fees at peak
demand times and locations, to encourage efficient use of parking resources.
Variations include parking cash out (commuters who use non-auto modes
receive cash benefits comparable to parking subsidies provided to motorists)
and parking unbundling (parking is rented separately from building space, so,
for example rather than renting an apartment with a parking space for $2,000
per month, residents pay $1,800 per month for the apartment plus $200 per
month for each parking space).
Parking pricing tends to be a particularly effective TDM strategy; shifting from
unpriced to efficient parking pricing typically reduces affected vehicle trips by
10-30%.
Distance-based Vehicle Fees
Distance-based (also called pay-as-you-drive) pricing converts fixed vehicle taxes,
insurance premiums and registration fees into distance-based charges, so
motorists save money from marginal reductions in vehicle travel. Generally,
the simplest and most effective approach is to prorate existing fees by each
vehicle classes’ average annual kilometres, so a $400 fee becomes 2₵ per
kilometre, and a $1,200 fee becomes 6₵ per kilometre, for a vehicle class that
averages 20,000 annual kilometres. These are not new fees, simply a different
structure for existing fees. Since road maintenance and crash rates tend to
increase with vehicle travel, distance-based pricing tends to increase economic
efficiency and fairness, and since per capita vehicle travel tends to increase
with income, it tends to be progressive with respect to income.
Vehicle Taxes and Fee Reforms
A number of vehicle taxes and fees can be reformed to reduce total vehicle
travel and encourage energy efficiency.
•

Tax rates in many countries encourage employers to offer large
company cars as an employee benefit, since the additional cost of
such vehicles is taxed at a lower rate than if the money were given as
cash. This is particularly important because company cars are a major
portion of new vehicle purchases and so result in an oversized, less
efficient future vehicle fleet. Tax policies can be reformed to limit

59

THE ROAD FORWARD

•

•

the value of company cars, or to favour more efficient and alternative
fuel vehicles.
New vehicle purchase taxes, fees and subsidies can be structured to
favour more efficient and alternative fuel vehicles, for example, by
charging more for vehicles with larger, fossil fuel engines, or
providing subsidies for hybrid and electric vehicles. However, by
themselves such policies may increase total vehicle travel by reducing
the per-kilometre cost of driving, a rebound effect, so such policies
should be implemented in conjunction with increased fuel taxes and
electric vehicle road user fees.
As previously mentioned, fixed vehicle purchase taxes and fees can
be reduced and converted into distance-based charges, so revenues
are collected in a way to rewards marginal vehicle travel reductions.

The table below summarizes optimal transport prices:
Vehicle Costs

Optimal Prices

Current Conditions

Roadway
expenses

Costs are repaid through
special fuel taxes, or perkilometre fees that increase
for larger and heavier
vehicles.

In many countries, fuel
taxes are insufficient to pay
full roadway costs.

Road rights-ofway

Motorists pay the
equivalent of rents and
taxes on land used for
highways.

Users generally pay no rent
and taxes on road rights-ofway.

Congestion

A decongestion fee charged
for driving under congested
conditions, to reduce traffic
volumes to optimal road
capacity.

Only a few cities have
decongestion pricing.

Parking

Costs are repaid through
user fees, with higher rates
during peak periods.

Most parking is unpriced or
inefficiently priced.
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Accident risk

Vehicle insurance fees
should reflect the full costs
of crash damages, and be
distance-based, so
premiums decline if
motorists reduce their
mileage, and therefore their
chance of causing a crash.

Most vehicle insurance
premiums provide little or
no incentive for motorists
to reduce their mileage and
therefore crash risk.

Pollution
emissions

Additional fuel taxes or
special fees should reflect a
vehicle’s emissions.

Fuel taxes are generally
insufficient to reflect both
roadway and emission
costs.

Table 5.1. Optimal Transportation Prices. Automobile travel imposes various costs.
Efficiency and equity require various fees so that motorists bear these costs directly rather
than imposing them on all residents regardless of how much they travel by automobile.
5.3 TDM PROGRAMS
A TDM Program provides an institutional framework for implementing a set
of TDM strategies. Such a program has stated goals, objectives, a budget, staff,
and a clear relationship with stakeholders. It may be implemented by a
transportation or transport agency, an independent government agency, or
through a public/private partnership. Below are typical examples of TDM
Programs:
•
•
•
•

Commute Trip Reduction (CTR, also called Employee Trip Reduction)
programs, through which employers encourage their employees to use
resource-efficient modes.
School transport management programs, through which schools and local
governments encourage students and staff to use resource-efficient
modes.
Special event transport management programs, which encourage people who
participate in special sport, cultural or civic events to use resourceefficient modes.
Transportation Management Associations (TMAs), which are organizations,
often made up of local businesses and transportation agencies, which
encourage use of resource-efficient modes in a particular area, such as a
commercial district, shopping mall or campus.

TDM Programs ensure that specific strategies are integrated for maximum
effectiveness. For example, a typical Commute Trip Reduction program will
include information resources, rideshare matching services, parking pricing
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and management, bicycle parking facilities, telework and flex-time policies,
and other actions that encourage employees to use resource-efficient modes.
These programs can reduce vehicle trip generation by a third, and provide
parking facility savings that repay program costs [7, 8].
5.3.1 TDM Marketing
TDM marketing includes general advertising of resource-efficient modes, plus
individualized marketing to targeted audiences, such as commuters along a
travel corridor with a new transport service, or residents of a neighbourhood
with improved walking and bicycling facilities. These programs generally
encourage people to try new travel options, after which many continue to use
these more efficient modes.
5.4

EXAMPLES

5.4.1 Paris, France
The city of Paris has implemented many policies to encourage sustainable
transportation. During the last two decades the city has improved public
transport services and introduced new mobility options such as the Vélib’
bikesharing and Autolib’ electric car-sharing. It is reducing city centre parking
supply, traffic speeds, vehicle traffic in order to provide more space for
pedestrians, bus and bike-lanes, and trees, and reduce noise and air pollution.
It has also banned older cars from downtown neighbourhoods during
weekdays, reduced car space in parks and squares, and introduced car-free
days. Although through traffic is restricted, residents, businesses, visitors and
people with disabilities are still allowed to drive on city streets. These policies
have proven to be effective at shifting travel from automobiles to more
sustainable modes, as illustrated in Figure 5.4.

Figure 5.4. Paris mode shares. Source: C40 Cities (2019). [8]

62

THE ROAD FORWARD

Although the portion of street space devoted to automobile traffic has
declined, congestion has not increased significantly, indicating that reductions
in road supply have been offset by reductions in vehicle travel. These
programs have proven popular with citizens; Mayor Anne Hidalgo easily won
re-election in 2020 based on her commitment to continue car traffic reduction
programs and improve the city’s liveability.
Although the programs have proven effective overall, the travel impacts and
benefits are significantly smaller in suburbs. In the city centre, only 15% of
trips are by car, compared with 50% in suburbs. Some TDM strategies, such
as fuel tax increases, sparked yellow vest (“gilets jaunes”) protests led by
lower-income motorists in suburban and rural communities. This suggests
that additional policies are needed to improve travel options in automobile
dependent areas and mitigate the effects of price increases in other ways.
5.4.2

Perth, Australia

Perth, Australia, in cooperation with various state, regional and local
organizations, has a strategic transportation plan that established automobile
trip reduction targets and identifies an integrated set of specific objectives and
actions to achieve them.

Figure 5.5. Perth Transport Plan Targets and Objectives.
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Figure 5.6. Perth established targets to accommodate future growth with less driving
and increased active and public transport travel. The plan includes an integrated set of
TDM programs.
5.4.3 London, England
London’s 2018 Transport Strategy is based on detailed analysis of users’ travel
experience and how to make resource-efficient modes more attractive (TfL
2018). It aspires to increase walking, cycling and public transport to 80% of
trips by 2041 through TDM strategies including ‘Healthy Streets’ pedestrian
and bicycling network improvements, bus and rail transport service
improvements, parking restrictions, car-free areas, transport-oriented
development and the City’s road charging scheme.
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Figure 5.7. Demand response services. London’s Transport Strategy is based on detailed
analysis of users’ travel needs and experience. Although central London has high quality
train and bus services, some outlying areas, identified in this map, need demand response.
(Source: Transport for London.)
If successful, this Strategy will continue current trends: between 1995 and
2015, London's private vehicle share decreased from 49% to 36% while public
transport share increased from 25% to 37% due to previous transportation
demand management programs (Rode and Hoffman 2015).

Figure 5.8. During the last two decades London successfully reduced automobile mode
share and increased public transport mode share.
5.4.4

German, Austrian and Swiss Cities

The report Reducing Car Dependence in the Heart of Europe (Buehler, et al. 2016),
finds that the largest cities in Germany, Austria, and Switzerland – Munich,
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Berlin, Hamburg, Vienna, and Zurich – have significantly reduced automobile
travel over the past 25 years, despite high motorisation rates, through an
integrated program of policies that favour walking, bicycling and public
transport over automobile travel in roadway design, pricing and land use
policies. Each city is unique. The German cities have done the most to
promote cycling, Zurich and Vienna offer more public transport service at
lower fares. All five cities have implemented similar policies to promote
walking, foster compact development, and discourage car use. Of the carrestrictive policies, parking management has been by far the most important.
The five case study cities demonstrate that it is possible to reduce car
dependence even in affluent societies with high levels of car ownership and
high expectations for quality of travel.
5.4.5

Puget Sound Commute Trip Reduction Program

Washington State has targets to reduce per capita Vehicle Miles Travelled
(VMT) 30% by 2035 and 50% by 2050. In addition, in 1991 Washington State
established commute trip reduction (CTR) policies and programs that apply
in large urban areas.i These include various state projects to improve walking,
bicycling, and public transport travel; partnerships with local and regional
transportation agencies to encourage non-auto travel; and requirements for
larger employers to develop commute trip reduction plans.
These policies and programs have significantly reduced vehicle traffic in the
Seattle region. From 2010 to 2018, total regional VMT increased 6%, much
lower than the 12% increase in population and the 22% increase in
employment during that period, transport boardings increased 20%, and
single-occupant automobile mode shares declined from 74.4% to 72% during
that period, as illustrated below.

Figure 5.9. Population, Employment, Transport Boardings and VMT in Central Puget
Sound, 2010-2018
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Figure 5.10. Mode Shares to Work, Central Puget Sound Region, 2010-2017
Even larger changes occurred in central cities. For example, the share of
commute trips to downtown Seattle declined from 35% in 2010 to 26% in
2019. Similarly, in the nearby suburb of Bellevue, single-occupant commuting
declined 76% in 1996 to 61% in 2018, and from 68% to 51% during that
period.
This program’s success at reducing VMT and shifting travel to other modes
can be attributed to the comprehensive nature of their policies and programs
which guide diverse stakeholders to support efficient transportation. Because
Puget Sound cities are growing rapidly and geographically constrained, the
region is limited in its ability to expand highways or urban fringe development.
This forced policymakers and practitioners to consider new solutions,
including TDM and Smart Growth strategies that create more compact and
multimodal communities where residents’ need for access can be achieved
with less vehicle travel [9,10].
5.4.6 Gothenburg
Gothenburg is Sweden’s second largest city with approximately 580,000
residents in the urban area. It has a large automobile manufacturing industry
and its transportation planning was previously automobile-oriented, but
during the last decade has implemented an integrated transportation demand
management program that includes active and public transport
improvements, parking policy reforms and congestion pricing (Gothenburg
2014). This shows significant leadership for a small size city.
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The Strategy focuses on three areas: Travel – to create an easily accessible
regional centre where it is easy to reach key places and functions irrespective
of the mode of transport. Urban space – create attractive city environments
where people want to live, work, shop, study and meet. Transport of goods –
support Gothenburg’s position as a major logistics centre where new and
existing industries can develop without encroaching on quality of life,
sustainability and accessibility. About 100,000 people currently travel into
Gothenburg and about 45,000 people travel out of the city each day. During
the next two decades the number of jobs is expected to rise by 80,000 in the
city and 50,000 in the surrounding region. The City is committed to
accommodating this growth through increases in public transport rather than
driving.

Figure 5.11. Travel Growth and Mode Share. Gothenburg’s Transport Strategy includes
targets to accommodate future growth in commuting trips in resource-efficient modes. This
will be accomplished by implementing various TDM strategies including active and public
transport improvements, more efficient parking management, more compact development,
plus a congestion tax implemented since 2013 which discourages peak-period driving and
helps fund public transport improvements. Support for this tax increased since it was first
implemented, indicating the congestion pricing and other “radical” TDM strategies may
become politically acceptable once residents experience their impacts and benefits.
5.5

EVALUATING TDM

New methods are often needed to evaluate TDM programs. Conventional
transport models are often unable to predict the travel impacts and full
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benefits of a TDM policy or program. For example, many TDM strategies are
intended to improve the convenience, comfort and social acceptability of nonauto travel; most conventional models are designed to measure the effects of
time and money costs, and are unable to measure such qualitative impacts.
Similarly, few models can account for the synergistic effects of integrated
TDM programs.
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Figure 5.12. Household vehicle travel by location. Motor vehicle travel is much lower (2060%) in compact, transport-oriented than in sprawled, auto-dependent areas.
Below are some typical travel impacts:
•

•
•

•

Residents of walkable, bikeable and transport-oriented communities
tend to own fewer vehicles, drive less and rely more on walking,
bicycling and public transport than they would if located in
automobile-dependent areas. Figure 5.12 above illustrates the
differences in average annual vehicle travel by residents in various
locations in California.
Efficient parking pricing, with cost recovery pricing and rates that
are higher during peak periods, tend to reduce affected vehicle travel
by 10-30%.
Commute trip reduction programs typically reduce affected travel by
5-15% if they only include information and promotion, or 10-30%
if they also include significant financial incentives such as costrecovery parking fees or public transport subsidies.
Efficient road pricing, with fees that are higher during urban-peak
conditions, can significantly reduce congestion problems but
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•
•

generally provides only modest emission reductions since only a
small portion of total vehicle travel occurs under urban-peak
conditions.
TDM marketing programs, which encourage people to try resourceefficient modes, can help reduce vehicle travel, particularly if
implemented in conjunction with improvements to non-auto modes.
Because commercial and freight vehicles are energy intensive, freight
transport management can provide large energy savings and
emission reductions.

Because it increases transportation system efficiency and reduces total vehicle
traffic, TDM tends to provide more total benefits, and therefore tends to be
more cost-effective overall, than other transportation system improvements,
such as roadway expansions or shifts to more efficient and alternative fuel
vehicles, as illustrated in the following matrix.
Planning
Objective

Roadway
Expansions

Motor Vehicle Travel
User convenience and comfort
Congestion reduction
Road & parking cost savings
Consumer savings
Reduced traffic accidents
Better mobility options
Energy conservation
Pollution reduction
Physical fitness and health
Land use objectives

Increased
ü
ü

More Efficient
and Alt. Fuel
Vehicles
Increased

ü
ü

Win-Win
Solutions
Reduced
ü
ü
ü
ü
ü
ü
ü
ü
ü
ü

Table 5.2. Transportation Demand Management Benefits. (ü = Achieve objectives.)
Roadway expansion and more fuel-efficient vehicles provide few benefits, and by increasing
total vehicle travel they exacerbate other problems such as congestion, accidents and sprawl.
TDM increases system efficiency and reduces total vehicle travel, which helps achieve many
planning objectives. [11]
5.6

CONCLUSION

Transportation Demand Management (TDM) includes various policies and
programs that result in more resource-efficient travel behaviour. Although
most TDM strategies only affect a small portion of total vehicle travel, their
impacts are synergistic; they are more effective if implemented together.

70

THE ROAD FORWARD

Examples and case studies indicate that integrated TDM programs can often
reduce affected by travel by 10-30%, and more if implemented with
complementary land use development reforms that create more compact and
multi-modal communities. Achieving significant impacts and benefits requires
comprehensive TDM programs.
By increasing transportation system efficiency, TDM strategies can provide
multiple economic, social and environmental benefits, and so are often the
most cost-effective transportation improvement, considering all impacts.
However, TDM implementation often faces many obstacles, so a variety of
institutional and planning reforms are often required for TDM to be
implemented to the degree justified.
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6. RE-THINKING THE TRANSPORT AND
LAND USE CONNECTION
MICHAEL W MEHAFFY, PH.D.
Centre for the Future of Places, KTH Royal Institute of Technology

6.1 INTRODUCTION
One of the most important components of cost-effective, low-emissions
transport planning is the surrounding land use. It is the use of the land, after
all – residential, employment, commercial civic or mixed – that generates the
users of the transport system, and it is the location and density of those
potential users that largely determines the efficiency of the system.
For this reason, it is important to think of transport and land use as a single
integrated system, containing an optimum mix of transport modes supported
by an optimum framework of land uses. With more integrated transportation
and land use planning, a community can become much more accessible,
inclusive and resource efficient. Residents of walkable urban neighbourhoods
drive less than half as much as they would living in an automobile-dependent
area, and as a result spend far less money on transportation, are far more likely
to achieve physical activity targets, and produce far less air pollution.
Examples from around the world, including both developed and developing
counties, indicates that well-designed neighbourhoods significantly improve
affordability, public fitness and health, and residents’ economic opportunities,
as well as reducing public infrastructure costs.”
Then the question arises, what are those optimums for the land use and
transport system? And the next question is, how are those optimums to be
achieved? Those are the topics we will examine in this chapter, for both newbuild and retrofit scenarios. Of course, the tools and approaches needed will
vary in these two scenarios.
In each case, we will consider three key aspects of land use: the distribution
and mix of uses, the connectivity of street patterns, and the patterns of
density. We will first consider how the understanding of these three aspects
has changed over recent decades, and in particular, the emerging
understanding of public space as a critical framework of land use. We will then
consider the challenge of implementation, especially in existing urban fabric,
and some of the unique implementation tools and strategies that have been
shown to be effective.
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6.2 MOVING FROM SEGREGATED-USE TO MIXED-USE MODELS
One of the major reasons that existing transport emissions per capita are high
in many countries is that the model used to plan land use and transport has
been based on the segregation of functions, including both land use and
transport functions. It was believed by late 19th and early 20th century planners
that this arrangement was a more rational response to the many ills of the
industrialising cities of that era.
In that era, many cities suffered from high levels of disease, poor sanitation,
pollution, and overcrowding. In many cases the pollution came from the
industrial activities of the day, which often involved combustion of coal and
other fossil fuels. A natural impulse (but one with fateful consequences as we
will see) was to segregate the workplace from the home, and from other kinds
of land uses. These separated functions would then be connected with linear
modes of transport, including rail and, later, passenger cars.
One of the most influential models of that era came from the English planner
Ebenezer Howard, whose “garden city” model featured an elaborate scheme
of segregated land uses.1 His famous diagram (below) separated the city into
a series of satellite cities, and further into wards and districts, each with a
restricted land use. These uses included industry, commerce, residential, civic,
and myriad other segregated functions including “homes for inebriates,”
“insane asylum,” “homes for waifs,” and so on (Figure 1).
This model reflected the preferred method to resolve conflicts between urban
uses: namely, to segregate them by function. If an industry was emitting toxic
gases, the solution was to spatially segregate it from residences and other uses
that might be harmed. If the “home for inebriates” was not considered a
desirable neighbour, it was to be spatially isolated. All the functions of the city
would be separated out and given a unique location. There would be “a place
for everything, and everything in its place.”
This approach had a significant drawback, however. Since functions would
no longer be within close adjacency to one another, travel distances on average
would have to increase, often greatly. The increased physical separation
generally came with lower density of people and activities over larger areas,
contributing to what we now refer to as “urban sprawl” low-density,
fragmented urban development.
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Figure 6.1. Ebenezer Howard’s “Garden City” would separate out the various uses of the
city, and thereby, it was hoped, end the conflicts between them [1].
6.3 LAND USE AND ITS STREET PATTERNS
In practice, this segregated land use pattern significantly increased the
distances that people must travel each day, which required higher speed travel.
This in turn justified a hierarchical street pattern consisting of a linear main
“arterial,” branching “collectors,” and finally branching “local streets.” For
this reason, it is sometimes referred to as a “dendritic” or tree-like street
pattern. This pattern was common for rural roads throughout history, and it
was indeed an efficient way of connecting major urban centres to their
hinterlands. However, it was a much less efficient way of connecting smaller
nearby centres within an urban area, as can be seen from Figure 6.2.
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Figure 6.2. Although a tree-like or “dendritic” street pattern is efficient for direct travel
between two cities or other major destinations, in fact it requires longer travel distances for
many other shorter trips, as demonstrated in this diagram. A direct path between Origin A
and Destination B would be quite short (dotted arrow), but the actual path required by the
street pattern is much longer (solid arrows). This is true for many of the ordinary origins and
destinations within the urban fabric.
An alternative to the hierarchical or dendritic street pattern is a more
integrated “web-network” or grid pattern, in which local travel is possible with
more direct routes. The simplest version of this web-network is the street
grid. In this structure, any point of destination lies within a relatively straight
path from any point of origin, making local trips more efficient (Figure 6.3).
In addition, multiple paths are available, allowing for dispersal of traffic onto
narrower, slower streets.

Figure 6.3. In a simple grid pattern, a relatively direct path exists between any origin (such
as Origin A) and any destination (such as Destination B). Moreover, there are usually
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multiple paths available, allowing dispersal of traffic onto narrower, slower streets (such as
those between Origin C and Destination D).
Why is it important to make local trips more efficient? This is because there
is also an optimum distribution of trip types for urban residents. This
optimum distribution on average includes only a few longer trips, many
shorter trips, and a medium number of trip lengths in between. This kind of
distribution pattern is sometimes referred to as a “power law” or “lognormal”
distribution.
While the “dendritic” pattern may indeed be optimum for the longest trips, it
is highly inefficient for shorter trips, which are typically the most frequent
(Figure 6.4). These are the routine trips around the neighbourhood, e.g. for
groceries, school and so on. The longer trips are typically less frequent, and
occur across a city or a region – often for special shopping trips or cultural
activities.

Figure 6.4. The optimum distribution of trips by residents retains most trips within the
neighbourhood, with only a few trips across long distances, and a middle range of mediumlength trips (i.e. a “lognormal distribution”).
That means that the dendritic pattern is not the most optimum distribution
overall. While major arterial streets are still needed to connect the largest
nodes of a region, the surrounding fabric is optimally inter-connected into a
web-network or grid-like pattern. (This pattern need not be a literal grid, as
can be seen in Figures 6.5 and 6.7 below.)
6.4 COMBINING MIX OF LAND USES WITH MULTIPLE MODES
A second implication is that the optimum distribution of the uses themselves
– the origins and destinations – is also a power law or lognormal distribution.
That is, most people should be able to access most routine needs provided by
a compact mix of land uses within their local neighbourhoods, thus “capturing
trips” within a short range, and leaving longer trips for less routine
destinations.
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A related implication is that a more optimum land use mix also tends to make
possible a more optimum transport mix. Since walking and biking are slower
and more appropriate for shorter distances, they are also more appropriate for
routine daily destinations – but only if those destinations are nearby, and easily
accessed through a web-networked street pattern.
The converse is that a more dendritic street pattern, combined with a more
functionally segregated pattern of use, is far more likely to require longer trips
by vehicle, typically by automobile. This is of course a severe handicap for
the poor, the elderly, the infirm, children, and the mothers who must drive
them. It can also add a major expense to the household, and to the region and
its infrastructure – that is, it can be the opposite of a cost-effective, lowemissions transport system. (This is true even if the cars are electrified, since
their production as well as the infrastructure and land area they require will
typically generate significant financial and environmental impacts, including
emissions, and the electricity itself may be generated from high-emissions
fuels like coal.)
One can readily understand this problem by considering the difference
between the two urban forms in Figure 6.5 (below). The top part of the
drawing shows the dominant pattern of conventional 20th century
development, where uses are segregated and the street pattern is dendritic.
Because of their length, most trips must be by car, or secondarily, a public
transport system, which is likely to be inconvenient, inefficient, expensive, or
a combination. Passengers will have to walk longer distances to access the
transport stations, often across fast-moving and dangerous streets.

Figure 6.5. In the conventional “sprawl” development shown at top, uses are segregated and
streets are dendritic (tree-like) patterns, also referred to as branching hierarchies. In the
mixed-use district shown at bottom, uses are mixed and streets are in a web-network or loose
grid. Average trips are shorter at bottom, and walking, biking and transport are much
more feasible. Drawing courtesy DPZ CoDesign.

80

THE ROAD FORWARD

In the bottom section of Figure 6.5, uses are mixed, and the web-network of
streets means that walking and biking are convenient, especially for shorter
local trips, as well as trips by car or public transport. Access to public
transport stops is also likely to be shorter and via slower, safer streets.
This pattern of functional segregation can occur at the regional scale and also
at the local neighbourhood scale – and both are problematic. Figure 6.6 shows
a functional classification “superblock system,” typical of what is seen in many
USA cities (as in the example shown of Phoenix, AZ). Here the streets are
broken down into arterials, collectors and local streets, with local streets and
collectors branching into the superblocks. The arterials run at the perimeters
of the superblocks, at the scale of ½ to 1 mile (800 to 1600 metres).

Figure 6.6. A “superblock” system with functional classification of streets, and functional
segregation of uses. Image at left courtesy of Federal Highway Administration (USA);
image at right courtesy of Google Maps.
Note that the street system within the superblock is “dendritic,” containing
many loops and dead ends. The result is that there is poor internal connectivity
for pedestrians or bicycles. The superblock also applies functional segregation
to the land uses of commercial (at edges only), residential (in middle only) and
civic (at centre only).
By contrast, a more continuous grid system with a mix of uses more easily
supports multi-modal travel. Figure 6.7 demonstrates a simple grid pattern
surrounded by arterials. The grid may be regular, as seen in Manhattan for
example, or more irregular, as seen in many older cities. (This figure will be
discussed again in the next chapter.)
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Figure 6.7. A simple grid system supports multi-modal transport as well as a more finegrained mix of uses. It may be quite regular, as shown at left, or more irregular and
“picturesque,” as shown at right. (Parks and squares are shown in dark grey.)
6.5 OPTIMUM PATTERNS OF DENSITY
In addition to mix of uses and interconnected street patterns, another critical
aspect of land use is the density of people and activities. While higher densities
are generally more supportive of cost-effective, lower-emissions, multi-modal
transport, it does not follow that all densities everywhere should be at the
same high level. Nor is it the case that the density of a region should be
uniformly high in the centre and uniformly low in the periphery – a
“monocentric” model.
In most cities through history, densities have tended to form naturally into
“polycentric” patterns, that is, around primary, secondary and tertiary clusters.
This pattern, referred to as “density rings” by the architect Christopher
Alexander, has a number of advantages, including advantages for more
efficient transport [2]. These density rings are associated with “urban villages”
where most commonly needed services and activities can be easily accessed
without required automobile travel within about 15 minutes.
If our goal is to retain most vehicular (auto and transport) trips within each
neighbourhood, with fewer trips required across longer distances, then we can
see a problem with the monocentric model. The higher-density areas are
typically the locations of regular daily destinations, provided by commercial,
civic and office uses. If those higher-density uses can only be found in the
core, then all the residents who do not live in the core – typically the majority
of the city region – will be forced to make more and longer trips between their
homes and the core. But if these higher density areas are distributed within a
polycentric system, then it is easier to “capture trips” to routine destinations
within local sub-areas.
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Figure 6.8. A “monocentric” pattern of density (left) can be less efficient than a “polycentric”
pattern (right), where clusters of local density are dispersed throughout the city region. These
neighbourhood centres offer residents local access to most of their routine daily needs and
activities, without having to travel longer distances in and out of a single city core.
6.6

CHANGING PROFESSIONAL MODELS OF TRANSPORT
AND LAND USE: A “NEW URBAN AGENDA”

Beginning with Ebenezer Howard at the turn of the 20th century, urban and
transport planners began to adopt the model of segregated land uses and
transport functions on a widespread basis. Functions were even more radically
segregated under the 1933 Charter of Athens, developed by the Congrès
Internationaux d'Architecture Moderne (CIAM) and published by the
architect Le Corbusier [3].
This model of urban development has undeniable appeal, even today. It offers
rapid, apparently efficient urban development offering large economies of
scale and standardisation. However, it requires increasingly unsustainable
injections of resources, with increasingly unsustainable levels of emissions,
resource depletion, ecological degradation, and other “externality costs.”
There are other impacts on human health, social interaction, and equity,
particularly when a neighbourhood is dependent on the automobile for
transport. As noted previously, this is highly inequitable for those who cannot
drive, including the poor, the elderly, the infirm, children, and the mothers
who must drive them. The more diversified, more optimum mix of land uses
and transport modes that is characteristic of older cities actually performs
better in many ways, including the long-term cost-effective and loweremissions performance of their transport systems [4].
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Figure 6.9. An advertisement in 1937 shows a very clear model of segregation
by land use and by transport function, replacing the mixed street in the inset
with a much more large-scale, single-use superblock system. This model came
to dominate late 20th Century development, as could be seen in the example
of Dallas, Texas USA (above right) and many other cities across the world –
with fateful consequences for emissions and other challenges.
That is one reason why the New Urban Agenda, the outcome document of
the Habitat III conference in 2016, explicitly embraces the more diversified
models of land use and transport, including mixed use, polycentrism,
walkability, compactness, and other key aspects [5].
The New Urban Agenda is not the only model of mixed-use, mixed-mode
urban systems, but it is clearly a landmark in the reform of earlier models,
since it has been adopted by acclamation by all 193 countries of the United
Nations, and thereby enshrined in international policy. Of course, there is a
long road ahead to implementation – but the significance of the agreement is
undeniable. The New Urban Agenda is also a repudiation of the Athens
Charter, as several of its key proponents – including Joan Clos, the SecretaryGeneral of Habitat III who oversaw its creation – have pointed out [6].
6.7

THE CONNECTIVE FRAMEWORK OF PUBLIC SPACE

One key feature of the New Urban Agenda is its explicit language about the
importance of public space. For example, its paragraph 67 sets the goal of
“well-connected and well-distributed networks of open, multipurpose, safe,
inclusive, accessible, green and quality public spaces,” while paragraph 37 sets
the goal of “safe, inclusive, accessible, green and quality public spaces,
including streets, sidewalks and cycling lanes” that are “multifunctional areas
for social interaction and inclusion, human health and well-being, economic
exchange and cultural expression”.
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We can readily understand the importance of the public realm for the land use
and transport system – the streetscapes, pathways, squares, parks, and other
elements that people must use to be able to walk or bike, and to access nearby
transport stops. These spaces must not only provide functional and attractive
routes for walking, they must also serve as a connective framework between
people and their private spaces, and an arena for human interaction.
Recent research has shown that these public spaces are very important in
providing the “propinquity and serendipity” that are key to generating social
interaction and “knowledge spillovers,” which seem to be essential to healthy
economic growth and opportunity for all [7]. This was an insight famously
expressed by the urbanist Jane Jacobs, who described the “lowly sidewalk
(pavement) contacts” as “the small change from which a city’s wealth of public
life may grow” – and it now appears that other more literal forms of wealth
also grow form this “small change” [8].
Clearly the 20th century model formulated by CIAM also does work to
generate wealth, particularly from the burst of resource consumption and
technological development associated with its construction. But the long-term
negative impacts of this model are increasingly evident, and they are the ones
identified in the New Urban Agenda: increasing resource consumption and
depletion, emissions, ecological degradation, urban fragmentation, isolation,
inequity, and deprivation for those who are too poor, elderly, young, infirm,
or otherwise unable to own and operate private vehicles – or to access
convenient and functional public transport.
In this sense, the economic boost from the 20th century model of urban
development is a bit like a drug high from crack cocaine: intense in the short
term, destructive in the long term, and ultimately unsustainable.
We can see now too that the nature of public space is at the heart of the issue.
If our urban systems are entirely mechanised, with individuals increasingly
encapsulated in homes and offices connected only by vehicles (often private
ones), then there is little role for public space, or the connectivity, interaction,
propinquity and serendipity that it affords. If there is poor-quality public space
between origins and destinations, including transport stops, then that confers
an inequitable advantage (with associated costs and emissions too) to those
wealthy enough to own private vehicles. The increasingly high energy and
resources required to fuel this scheme mean it is fundamentally unsustainable.
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Figure 6.10. A drawing by Adolf Bayer in 1948 shows the allure of functionally segregated
streets connecting superblocks with typically isolated, monofunctional buildings. In place of
the messy, crowded, diseased city, we would have a city of pristine order. However, public
space would no longer be a place of compact mixing, diversity, or connectivity between private
spaces. Pedestrians would be dispersed onto long, mostly empty (possibly dangerous)
pathways. The benefits of social, cultural, and economic interaction would have to be provided
with artificial mechanisms requiring high, ultimately unsustainable, levels of energy and
materials.
6.8

INTEGRATING THE LAND USE AND TRANSPORT SYSTEM:
THE NEW-BUILD SCENARIO

The next question to ask is how to implement the reforms called for in the
New Urban Agenda and other landmark documents, and also needed for lowemissions, cost-effective transport planning: the provision of walkable public
space networks, mix of uses, sufficient compactness at critical nodes
(including transport nodes), well-connected street patterns, and other land use
characteristics as discussed in this chapter.
The challenges for achieving these characteristics is clearly more
straightforward in a new-build scenario, where urbanisation has not yet
occurred – for example, in an urban extension, a large infill site, or a new
“greenfield” settlement area. (It should be noted that the New Urban Agenda
and other documents prioritise infills and urban extensions over new
settlements, because existing development and infrastructure typically offers
much greater efficiency and long-term benefits; at the same time, these
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existing areas also pose additional barriers to implementation, as we will
discuss.)
Transport-Oriented Development (TOD)
One of the most influential new models of urban development is the TOD or
transport-oriented development (referred to as “transport-oriented
development” in the USA). In this model, a “density ring” of compact, mixed
use, interconnected development is clustered around one or more higherspeed transport stops, typically rail transport. This model gained popularity
when, in 1989, the American architect Peter Calthorpe proposed what he
termed a “pedestrian pocket” [9]. As can be seen in Figure 11, the model
combined a density ring, a connected street grid, and a proposed mix of
residential, commercial and civic uses, all within a single compact zone.

Figure 6.11. Peter Calthorpe’s “pedestrian pocket” concept, combining a density ring
centred on a high-speed transport stop with a grid of walkable, multi-modal and mixed-use
streets. Source: Peter Calthorpe.
One of the best-known examples of this model is a TOD project in the
Portland, Oregon (USA) region on which Calthorpe worked, known as
Orenco Station. This project included some 2,400 homes and 25,000 square
metres of commercial adjacent to several major industrial sites, in a mixed-use
format. Although the neighbourhood included a major light rail stop, it also
featured two bus lines, a shuttle bus operated by an adjoining high-tech
company, and extensive facilities for walking, biking, car share, scooter, and
other multi-modal travel options. All of these mixed uses and modes were
integrated into a supportive walkable street grid.
Evidence shows that the neighbourhood has indeed achieved a low-emissions,
cost-effective transport system. Research by the sociologist Bruce Podobnik
showed that the rates of automobile use for commuting are about as low as
those of the famously walkable and mixed-mode central Portland, while
walking rates are even higher, and far higher than in the surrounding suburbs
[10].
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Figure 6.12. The TOD or “pedestrian pocket” of Orenco Station, built in the late 1990s
in the Portland, Oregon region of the USA. The neighbourhood features density rings, a
walkable grid of streets, and a diverse mix of uses. To the left is a more conventional
subdivision built several decades earlier.
Research by Ewing et al. also showed that demand for parking spaces by
passenger cars has proven to be substantially below the predictions of
standard engineering manuals (less than half of the value in the Institute for
Transportation Engineers’ Parking Generation Manual). Also, vehicle trip
generation rates are about half what is predicted in the ITE Trip Generation
Manual, indicating a substantial “trip capture” rate. The automobile mode
share was found to be 31 percent of all trips, with the remainder being mostly
transport and walk trips [11]. This is low by USA standards. Furthermore, the
distances of those trips are also significantly shorter on average, since the
community is surrounded by employment centres and other routine
destinations.
This research is in line with other research. For example, researcher Deborah
Salon [12] used detailed travel survey data to analyse how demographic and
geographic factors affect travel activity (how and how much people travel),
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and developed models for predicting how various land use development
changes will affect travel. Her research is summarised in Table 1 below:

Average Daily Vehile-Miles
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Table 6.1: Household vehicle travel by location. Motor vehicle travel is much lower (2060%) in compact, transport-oriented than in sprawled, auto-dependent areas. Source:
Deborah Salon [12].
The implementation of the Orenco Station plan faced considerable barriers,
as many retrofit projects do when they seek to transition to a more mixed,
compact, inter-connected model. These barriers had to be overcome through
a number of innovative tools and strategies.
First, the segregated zoning was replaced by a single mixed-use zoning code,
prescribing not the use of buildings but their form as they would shape and
define streetscapes and other public spaces. Second, the City committed to
working through variances and other non-standard features in street design
and public improvements, with the private development team. Third, the
private development team committed to experimenting with innovative
design approaches to achieve the public and private goals of the project.
Fourth, a number of jurisdictions provided new funding mechanisms to assist
with the economic feasibility of the project, particularly in the early phases.
These included grants, deferred charges, offsets, and other tools.
Large-scale Regional Planning
In the case of Orenco Station, the project was not an isolated effort, but part
of a much larger regional planning reform within the Portland region and the
State of Oregon. Prior to Orenco Station, the Portland region adopted its
“2040 Growth Concept,” which included a polycentric regional plan of TOD
greenfield developments as well as urban infill sites [13].
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This “centres and corridors” plan provided a web-network of more compact
density rings across the region, each with a mix of uses and an inter-connected
street grid, connected to other centres along “corridors” (or main street
arterials). Many of these centres were existing towns or neighbourhoods, while
others were new sites in targeted locations, e.g. along light rail corridors.
The Metro regional planning authority recognised that the framework plan
was not enough by itself, but needed implementation tools and strategies. In
2009, a panel was convened to develop a “toolkit,” an “action plan,” and an
ongoing collaborative platform to develop additional innovative resources to
unlock development potential. The tools included new financial and
regulatory approaches, some of which are discussed below [14].
Another large-scale regional land use planning tool is the “Planning for Rapid
Urbanisation Toolkit” published by The Prince’s Foundation, The
Commonwealth Association of Planners, the Commonwealth Association of
Architects, and the Commonwealth Local Government Forum. The toolkit
offers processes for visioning, mapping, area targeting, framework structure,
financial and process tools, and neighbourhood structure, with a focus on
rapidly urbanising parts of the world [15].
Following are several of the critical aspects of land use transformation for
new-build conditions.
Changing the Street Grid
Instead of the “dendritic” or branching hierarchical street pattern, grids are
laid out in tightly connecting spaces, with intersection spaces roughly 90
metres (300 feet) to 180 metres (600 feet) in spacing, and connections between
all intersections (offering pathways for pedestrian and non-motorised vehicles
at least, if not motorised vehicles).
Streets are designed explicitly to be multi-modal, with a priority for walking
and non-motorised vehicle pathways. The size of streets also follows a
“power law” or “lognormal” distribution. Most streets are narrow and lowspeed, while very few are very high-speed (but with provisions for continuing
the multi-modal grid uninterrupted). A medium number of streets is at an
intermediate size. (For more on the specific layout patterns, see Chapter 7.)
Getting Compactness
It is difficult to mandate compactness, but certainly possible to allow it. In the
case of residential density, this can be done through regulatory reforms, easing
restrictions on housing types, divided units, multi-family buildings, and
accessory dwellings. In the case of commercial, it can be done with codes that
allow more intense land use, combined with provisions to mitigate the
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potential impact. For example, requirements for parking spaces per unit of
floor area can be combined with strategies to “capture trips” and other
“transportation demand management” strategies. Codes that regulate building
forms can provide pathways to increase building volume while reducing
impact on adjoining properties, for example through required “step-backs” at
higher levels.
Compactness can also be incentivised with a number of financial and
regulatory tools, including grants, tax structures and credits, “feebates’
(reduced fees based on greater density), and contractual agreements between
the public and private sectors (so-called “Public-Private Partnerships”). In
some cases, the increased revenue to the public sector from greater
compactness – for example, producing a higher income from taxes – can be
used to help to finance the public improvements of a project, in exchange for
increases in the number of units per area.
Finally, the public sector can mandate minimum densities. However, if the
market is not ready to support that minimum level, the result may simply be a
failed project. The conditions must be present, and must be nurtured with
incentives as well as restrictions.
In conditions where the market does not appear ready to accept a more
compact development pattern, carefully developed pilot projects can increase
the appeal of this neighbourhood type (as in the case of Orenco Station
discussed above).
Getting a Mix of Uses
Once again, it is difficult (if not impossible) to mandate a mix of uses, but
certainly possible to allow and even encourage it. Zoning codes can be
reformed to become more liberal with regard to use, and more restrictive only
on the public edge and streetscape structure. Incentives can be provided
through the kinds of financial and regulatory tools discussed previously,
including grants, tax structures and credits, “feebates’ (reduced fees based on
greater density), and contractual agreements between the public and private
sectors (so-called “Public-Private Partnerships”) as well as value capture and
“tax-increment finance.”
As before, carefully developed pilot projects can increase the appeal of the
format, and increase the confidence of the private sector that the risk-reward
profile is acceptable. In the case of Orenco Station, the first phases were
careful not to build too much around the station area, where risk was higher.
The latter phases, following the success of the first phases, saw very strong
growth in this area, and much stronger investor appeal in the model.

91

THE ROAD FORWARD

6.9

INTEGRATING THE LAND USE AND TRANSPORT SYSTEM:
THE RETROFIT SCENARIO

Retrofit projects – those that seek to transform an existing urban area into a
more mixed-use, multi-modal, compact area – clearly pose different, often
greater barriers than new-build projects. First, their ownership patterns often
make changes to street patterns or land uses difficult. Second, existing
residents may be unwilling to see changes that might affect their homes or
businesses. Third, construction in existing built-up areas can be much more
costly, because of the need to accommodate existing operations. Fourth, land
costs in existing urbanised areas are often higher than at unbuilt sites. They
may also include demolition, remediation and other costs.
On the other hand, there are significant long-term economies to be had in
retrofitted urban areas. In a sense, retrofit by itself is a cost-effective strategy,
in comparison to new-build. The existing buildings and infrastructure
represent a high existing capital investment that can be leveraged to produce
greater return on incremental investment. Transport systems can take
advantage of the existing network of destinations and users, and supplement
them with infill or enhancements of buildings and infrastructure. Historic
structures can provide cultural value as well as enhanced quality of life without
the investment that would be required to produce the same level of quality.
Finally, embodied energy and materials in existing buildings and infrastructure
represent a very large “carbon investment” (and an investment in other
important resources) that need not be duplicated in all-new structures.
To complete this retrofit work, however, a distinct set of tools and strategies
is needed. We discuss a few of them below. A number of these strategies are
further described in other publications, including the book Retrofitting Suburbia
[16], and the chapter “Growing Sustainable Suburbs: An Incremental Strategy
for Reconstructing Modern Sprawl,” in the book New Urbanism and Beyond [17].
Changing the Street Grid
As noted, it is often difficult to acquire the property for additional rights of
way to add connectivity to existing street grids. In late 20th century suburban
environments, with their many “dendritic” street patterns, this can be a
significant problem. However, several strategies are available:
-

Parking Lots to Streets. In some cases, large parking lots afford
space for lanes to convert to future streets. Owners may be willing
to see the conversion, if they benefit from new street frontage. On
other cases, they may be willing to sell easements for future
conversion (see below).

92

THE ROAD FORWARD

-

-

“Future-proofing” easements. In some cases, owners may be willing
to set up tracts of land for future rights of way, in exchange for a fee.
The owners are given a period of years before the actual construction
will occur – perhaps beyond the period when they might expect to
own the property.
New pedestrian and/or bike paths. In some cases where vehicular
connectivity cannot be improved, it is possible to create pedestrian
or bike connections along easements and other unbuildable tracts.

In addition to new street connections, existing streets can be improved
significantly with widened pavements, narrowed vehicle lanes, introduced
features that slow vehicle speeds, and other retrofit strategies. Sometimes
these can be implemented more easily with initial temporary changes that can
be evaluated and then made permanent.
Getting Compactness
Among the tools for increasing the compactness of land use:
-

-

Zoning code reforms that allow infill on existing lots, with
appropriate controls on impacts to the surrounding neighbourhood.
Provisions for accessory dwellings, including subdivided residences,
basement units, apartments added to garages, and other forms of
infill.
Liberalization of restrictions on commercial use of residential
property, including allowing live-work formats and conversion to of
buildings to mixed use.
Incentives for renovation and addition to existing buildings,
including streamlined regulations, tax incentives, grants and other
financial mechanisms.
Changes to reduce or eliminate parking minimum requirements,
so that property owners can decide how much parking to supply
based on user demand, and car-free households are no longer
required to pay for costly parking spaces they do not need.
Tools to “unlock” marginal sites that could support additional
infill, including parking lots, excess rights of way, derelict structures,
and other under-utilised sites. These should include diagnostic tools
to identify and assess sites, financial and taxation tools to incentivise
their redevelopment, and regulatory tools to streamline entitlement
and construction.

Getting a Mix of Uses
The tools and strategies needed to increase mixed-use retrofit development
are similar to those needed to increase compactness, but they may also include
incentives for larger-scale developments:
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-

-

-

Incentives to re-develop under-utilised large-format or “big-box”
sites and shopping malls. Many of these sites have failed in recent
decades, and are available for
Incentives to assemble smaller parcels into more developable sizes.
These also include taxation strategies to incentivise assembly for
development and disincentivise land banking, finance mechanisms
(including land value capture and tax-increment finance strategies),
and direct grant and purchase programmes.
Strategies to assemble parcels over a longer time horizon. Often it
is not possible to assemble sites immediately, because property leases
and other instruments run over different periods (for example, lease
provisions for parking fields). But an incremental programme of
assembly as leases and other agreements expire can make larger
properties possible.
Regulatory streamlining to make mixed use easier to create. This
can include simplified codes, assistance offices, “plug and play”
models, and pre-approved types that can be permitted more easily.

6.10 GETTING PUBLIC SUPPORT
One of the biggest mistakes made by those seeking to change land use is to
fail to work with the residents and other stakeholders who will be most
affected by the changes. As a result, the process can become unnecessarily
adversarial, litigious, and even more costly and burdensome to achieve. This
is clearly not the path to a cost-effective transport system. There are many
cautionary examples of this problem.
Furthermore, this adversarial approach is largely unnecessary. When land use
and transport are optimised, the result is a direct benefit to the residents
themselves of a more convenient, cost-effective, liveable neighbourhood.
However, it is natural that stakeholders will be suspicious of a development
process that could potentially go awry, producing more congestion, ugly new
buildings, and other undesirable impacts. Bad examples erode trust and create
a more adversarial climate, while good examples build trust and “win-win”
outcomes.
Many good examples do exist (including Orenco Station, mentioned
previously) where a new model of mixed-use, compact, connected
development becomes popular, and gains the support of stakeholders. But the
development participants must be willing to work in good faith with the
stakeholders, and earn their trust and willingness to collaborate. At the same
time, citizen-stakeholders have a responsibility to work toward the win-win
possibilities, and share in the civic and educational process. (The specific topic
of public involvement is beyond the scope of this chapter, but there are many
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good references that can be found in Chapter 9, “Resources and Further
Reading.”)
We might refer to this kind of win-win collaborative approach as “QUIMBY”
– or “Quality In My Back Yard” – as opposed to “NIMBY,” “Not In My Back
Yard.” When residents and stakeholders have meaningful roles and
responsibilities as citizens taking part in the process, the dynamic can become
much more constructive.
The result is often a more compact urban development that actually responds
to consumer demands, as well as providing broader economic, social and
environmental benefits. Surveys consistently indicate that most residents
prefer living in walkable urban neighbourhoods over automobile-dependent,
urban fringe areas, provided that they are convenient, affordable and safe [18].
In some cases, the optimum approach is to work with residents and
stakeholders to develop “plug and play” models of development, giving them
greater certainty over the kind of development being created. At the same
time, the development team also has greater certainty over the entitlement and
development process, translating into lower risk and lower cost.
By targeting under-utilised sites in more distributed, polycentric locations,
developers can further reduce the cost of the final developments, and assist
with achieving goals of affordability and equity.
6.11

CONCLUSION

In structuring the land use and transport system, there are critical roles to be
played by public sector institutions (local governments, agencies, etc.) and
private sector ones (for-profit developers, non-profit professional
organisations, etc.). Urban development that is successful – that provides
equitable opportunity, safety, sustainability, and quality of life, must also
successfully integrate the roles of the public and private sectors.
It is not possible for the public sector to command markets into being, or to
command successful economic activity into existence. On the other hand,
“letting the market decide” is folly, because markets can fail, and economic
activities are limited by the “bounded rationality” of their actors. “Laissezfaire” development can lead to short-termism, high externality costs, and
catastrophic long-term impacts. Moreover, the public sector has a key role in
identifying and achieving the public goods that are part of any successful
urban development, especially the public spaces and public infrastructure on
which everyone depends for healthy, safe, equitable, sustainable development.
At the same time, the private sector (including for-profit and non-profit
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private institutions) also has unique expertise in responding to market
conditions, and engaging the technical and production systems successfully.
The challenge of urban development, then, is not that of a “command and
control” problem, or at least not in crucial respects, but that of a complex
adaptive system that must be managed. We could say that in this sense, urban
development is “a challenge more like gardening than carpentry.” As in
gardening, it is not enough to specify the elements, but one must water,
fertilize, use good seeds, prune, and also build trellises and planter boxes. In
urban development too, it is not enough to merely specify, or to command.
One must provide incentives, suitable models, regulatory controls, and a
minimum framework of infrastructure.
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7. COST-EFFECTIVE TRANSPORT
PLANNING: ALLOCATION AND SPACING
MICHAEL W MEHAFFY, PH.D.
Centre for the Future of Places, KTH Royal Institute of Technology

7.1 INTRODUCTION
One of the most important lessons of recent research on cost-effective
transport research is the impact of transport networks as interactive systems, as
opposed to collections of isolated point-to-point movements utilizing a range
of modes. These interactive, dynamic systems include not only individual
modes and their interactions, but also the interactions between modes, some of
which are much more cost-effective than others. If we seek mode shifts away
from relatively costly modes (such as private automobiles) to more costeffective ones (such as walking and cycling), we must understand the dynamic
nature of transport behaviour and use, including the optimal physical
configuration of the systems.
Put simply, it does little good to provide, say, a transport line, if it is too far
away for most users to walk to the transport stop. It also does little good to
provide, say, a central arterial for automobile use, if drivers experience massive
congestion because traffic is over-concentrated in one location. It is
important, in other words, to provide a diffuse but coordinated network of
transport pathways, including pedestrian paths, urban streets, mobility
corridors, rural roads, rail lines, and other elements.
In this chapter, we will look at optimum spacing and alignment for these
transport elements. We will consider two very different transport planning
scenarios: the greenfield scenario, where new land is being developed for the first
time, often as part of urban extensions; and the retrofit scenario, where existing
urban areas are modified to accommodate new or upgraded transport systems.
Often the greenfield development is occurring in rapidly urbanizing parts of
the world including the Global South, whereas the retrofit scenario is required
in more mature urban areas, especially Europe and large parts of North
America. Each of these scenarios poses its own distinct requirements and
challenges: the greenfield scenario often generates significant environmental
impacts and barriers, whereas the retrofit scenario often poses higher cost
burdens as well as disruptions of existing transport systems.
In turn, for each scenario we will examine several basic elements of transport
planning, including transport systems, street pattern configurations, and street
space allocations. This will necessarily be a brief overview analysis. Each of
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these topics is already covered by extensive literature to which we will refer,
and here our interest is in an overview understanding of how these elements
can be integrated into a more cost-effective approach to policy and practice.
7.2 TRANSPORT PLANNING FOR INTEGRATED FRAMEWORKS
Broadly speaking, we need to plan for four categories of transport mode:
1.
2.
3.
4.

Non-motorised modes, including walking and cycling;
Private motorised vehicles, including automobiles and motorbikes;
Shared motorised vehicles, including taxis, transport network
companies, car-share services, and most recently, motorised rental escooters;
Public motorised vehicles, including rail, trams, gondolas, funiculars,
streetcars and buses.

It is important to understand and plan for all of these modes as elements of
an integrated network, with all working in complementary ways – for example,
the walking mode must bridge the critical gap between most modes of public
and shared transport and the places of passenger origin or destination. At the
same time, it is important to recognise that each of these modes can generate
conflicts with other modes – for example, motorised scooters have been
reported to disrupt pedestrian travel in a number of cities. Therefore, it is
critical to allocate sufficient space for each mode, and to distribute pathways,
stations and platforms optimally. Following is a summary of best practice
guidance.
Non-Motorised Modes
Walking and cycling, the most common non-motorised modes, are often the
least expensive to plan and build. However, travel distances can be limited,
and challenges can be posed by topography, climate, land use patterns, and
perhaps most important, habits of behaviour. These habits in turn are
reinforced by unsafe or unattractive facilities, and by unsuitable land use
patterns, creating a “vicious cycle” of decline in walking and bicycling mode
travel in many parts of the world.
But the corollary is that carefully planned provisions for walking and cycling,
integrated with other modes, can produce remarkably cost-effective results.
Evidence shows that the immediate and secondary economic benefits can be
significant in even challenging locales, for example where terrain (as in San
Francisco) or climate (as in Copenhagen) would seem to pose formidable
barriers.1
In addition, as discussed in the introduction, non-motorised modes are
important sub-components of other modes – for example, users of public
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transport and other public motorised vehicles will most often access stops by
walking or bicycling. Users of car-share services and other shared motorised
vehicles also typically walk or sometimes bicycle to or from the vehicle
stations. Even private motorised vehicles are often accessed on the street or
in car parks that are accessed by walking.
For all these reasons, non-motorised modes are properly thought of as the
“platform” for all other modes. It follows that their planning should be
thought of as part of the fundamental framework of cost-effective transport
planning – not as an afterthought.
Non-Motorised Modes in Greenfield Scenarios
Existing undeveloped and urbanizing areas offer an important but limited
opportunity to plan a coordinated multi-modal framework with nonmotorised modes at its core. Once an area is urbanized, it is much more
difficult and expensive to retrofit integrated multi-modal systems.
While the types and spacing of different transport modes will vary depending
upon population density, geography and other factors, there is one constant
for all systems: the mobility of the human pedestrian. Every cohesive multimodal system requires that users can access elements of the system, usually by
walking. The scale at which a human being typically moves in turn generates
the optimal scale of spacing for pathways, station nodes and destinations. Best
practice generally seeks to avoid required pedestrian travel that is greater than
about five minutes duration, which translates into about 400 metres or ¼ mile
of distance.
Indeed, the scale of spacing for principal through streets in has been found to
be remarkably consistent through history, and in the range of about 400
metres or ¼ mile spacing [2]. This spacing generally allows individuals across
the urban region to access the services on these streets – including transport
systems – with typically no more than a 400 metre or ¼ mile walk from any
adjacent destination. (It should be noted, however, that the surrounding
urban fabric also needs to be well-connected, walkable and free of barriers; a
fragmented urban form would violate the five-minute goal.)
Using this roughly 400 metre framework as a guide, best practice calls for a
grid of principal through streets at this typical spacing in both directions.
Larger arterial streets and “mobility corridors” with grade-separated or other
higher-speed lanes can be integrated into this grid system, as shown in Figure
1. Users of non-motorised modes can then access bus stops, tram platforms
and rail stations within an overall hierarchy of street sizes.
It is important to note that this is only a rough guide, and the streets
themselves need not be laid out in a rigid grid pattern – so long as they are
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roughly spaced in this pattern so as to allow safe and convenient pedestrian
and bicycle access.

Figure 7.1: An optimum grid framework of 400 metres or ¼ mile, incorporating a
hierarchy of street sizes and transport access points (e.g. bus, tram and rail). Source: The
author.
Within the roughly 400 metre diameter areas between the principal through
streets – regions that are sometimes referred to as “pedestrian sanctuaries” [3]
– a permeable network of pedestrian pathways must also be created at a
smaller scale. The simplest way to ensure that such a network exists is to
regulate maximum block size. The specifications can include maximum length
on the long side of the block as well as maximum length on the short side of
the block, or alternatively, a maximum perimeter size. This size can be
increased by allowing a pedestrian mid-block passage.
Best practice suggests that the ideal pedestrian network should be no larger
than about 100 metres for any segment (or about 330 feet) [4]. This
specification can be met with a block size of roughly 70 metres (230 feet) on
the short side, by 180 metres (590 feet) on the long side, when a mid-block
pedestrian pathway is included (Figure 7.2). Such a block configuration is
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ideally oriented with the longest side leading toward transport stops,
neighbourhood centres, or other frequent pedestrian destinations.

Figure 7.2. A typical best-practice configuration of blocks showing maximum block size
when combining a mid-block pedestrian path. Source: The author.
It is important to emphasize that the block arrangement need not be rigid, but
can be deflected and irregular, so long as the pedestrian network maintains the
maximum distance between intersections. The lower portion of Figure 7.4 (on
page 110) shows a more irregular block structure that maintains the same
maximum block size and maximum path length. (See also Figure 6.7 on page
84.)
Non-Motorised Modes in Existing Retrofit Scenarios
In existing urbanized areas, non-motorised modes can be enhanced with
improvements to walking and cycling paths, including widening, adding
missing links and connections, and adding greenery and other visual
enhancements. Also important is to create “paths and goals” by inserting
appealing destinations at a minimum periodic spacing, including pocket parks,
refreshment vending stations, viewpoints, and other attractions. Evidence
suggests once again that a minimum spacing is approximately 400 metres, or
¼ mile.
As noted previously, the network of walkable streets must be spaced closely
enough that any single pedestrian can access the system safely and
conveniently at both the start and the end of trips. Existing street networks
should therefore be assessed for their fragmented or deficient areas, where
distances significantly exceed 400m. Wherever possible, additional paths
should be created to improve the connectivity of these areas – for example,
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by converting unused railroad right of way (e.g. “rails to trails”) or, if possible,
by building new street segments.
In some existing urban areas, larger tracts of land are sometimes available for
infill redevelopment – for example, former industrial uses, military facilities,
and other vacated or under-utilized sites. Their redevelopment offers the
opportunity to provide much greater pedestrian walkability, as well as a more
limited ability to improve surrounding walkability. Figure 7.4 (below) shows
an urban “greyfield” redevelopment that achieves much greater walkability
than the surrounding urban fabric, while maximizing the limited opportunities
to connect to the larger area. Note that the small block pattern is not rigid,
and features deflections and irregularities that help to create pedestrian
interest.

Figure 7.3. Orenco Station, a large-scale retrofit TOD project in the Portland, Oregon
(USA) region, a large-scale infill redevelopment of a former failed or “zombie” subdivision.
Note the rectangular blocks (thicker lines) with pedestrian cut-throughs (thinner lines). Note
also the very different block and street structure from the older neighbourhood to the left,
which has a highly fragmented and unwalkable form. Such retrofits can contribute at least
partially to improving the pedestrian connectivity in their surrounding urban fabric. Source:
Google Maps.
Private Motorised Vehicles
Cars, trucks, and other private motorised vehicles are highly mobile, and in
general they do not require fixed stations – although they do of course require
car parks, loading docks or on-street parking near their destinations. Their
flexibility and relatively low upfront cost are key reasons that so many parts
of the world have embraced them as dominant modes in planning.
Unfortunately, private motorised vehicles also generate significant externality
costs for citizens and for governments, including health impacts from air
pollution, runoff water pollution, depletion of resources, long-term
infrastructure operating and maintenance costs, and many other significant
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costs. There is also evidence of significant social and health costs from
automobile-dependent cities and towns, including negative health impacts
from a more sedentary lifestyle, and from the consumption patterns associated
with the “choice architecture” of automobile-oriented neighbourhoods [5].
Less obvious, planning around private automobiles consumes large amounts
of valuable urban space, both in the streets and in the spaces required for
parking. In fact, as Litman (2011) has shown, the amount of space
automobiles require for parking “greatly exceeds the space they require for
roads, and is many times greater than the total space required by other travel
modes” [6].
Planning around automobiles also produces a feedback cycle of traffic
congestion. The more destinations are pushed apart to accommodate
automobile transport and parking facilities, the farther automobiles must
drive, putting more cars on the road, degrading non-motorised modes, and
further fuelling the spiral of traffic congestion.
For these reasons, many cities around the world have implemented aggressive
measures to discourage private automobile use – for example by implementing
congestion charges – and to encourage alternative modes of travel that are
healthier with lower impacts. Once again, the challenge of retrofitting existing
areas is formidable, particularly when it comes to changing land use to provide
a denser and more diverse network of destinations.
Nonetheless, private motorised vehicles are likely to play a continuing role in
most cities, along with shared motorised vehicles (whose spatial requirements
are similar). Therefore, in both greenfield and retrofit scenarios, attention
must be devoted to providing for these vehicles while minimizing their
negative impacts.
Private Motorised Vehicles in Greenfield Scenarios
The same factors that shape the optimum layout of non-motorised vehicles
for undeveloped and urbanizing areas also apply to private motorised vehicles,
and indeed other motorised vehicles as well. Indeed, the optimum
configuration for all modes manifests a kind of balance across scales, giving
primacy to the pedestrian and bicyclist at the smaller scales, and primacy to
motorised vehicles at larger scales, while allowing pedestrians, bicyclists and
motorised vehicles to access all areas.
A hypothetical layout of streets is shown below in Figure 7.5, once again
demonstrating a hierarchy: at larger scales (e.g. above 1600 metres), fastmoving “mobility corridors” (typically grade-separated); at medium scales (e.g.
800 metres), multi-way boulevards; at smaller scales (e.g. 400 metres), through
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avenues, and finally, at smaller than 400 metres, the “pedestrian sanctuaries”
that provide slow-moving “shared space” lanes.

Figure 7.4. A hypothetical street grid showing the 400m spacing of principal through streets,
with the slowest streets at the smallest scale, and faster streets spaced at larger scales. Note
that the grid need not be rectilinear as shown at the top of the plan. It can be highly deflected
and irregular (as shown at the lower part of the plan), so long as the general spacing follows
the 400m scale. Source: The author.
Private Motorised Vehicles in Existing Retrofit Scenarios
As discussed previously, in spite of their low upfront cost and flexibility,
private motorised vehicles typically generate significant externality costs. For
this reason, many cities and towns have begun extensive retrofit programmes
to restrict their use, or to reduce their impacts. Following are several of the
strategies that have been implemented.
Street retrofits can reduce motorised vehicle lane widths, and widen (or add)
pedestrian and bicycle pathways. These projects can produce important longterm benefits, including reduced maintenance of paving areas, improved water
runoff quality, and perhaps most significantly, reduced incidence of injuries
and deaths from collisions.
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Added on-street parking reduces the negative walkability impacts of large
car parks, as well as allowing the narrowing of motorised vehicle travel lanes.
Parked cars and motorbikes also provide protection for pedestrians, as well as
tending to slow traffic as vehicles enter and exit their on-street parking stalls.
Added street segments, though often difficult to accomplish, can have
important benefits for dispersing traffic and improving walkability and safety.
These projects can vary in scale from short (and more feasible) connections
between residential areas, to large-scale insertions like the famous 19th Century
multi-way boulevards of Haussmann in Paris. Some street segments can be
added in a mid-block configuration to produce quiet shared-space lanes,
affording additional well-distributed spaces for parking (as in the example is
shown in Figure 7.6). These mid-block lanes can also provide additional
walking and biking connections.

Figure 7.5. Catfiddle Street in Charleston, USA, an example of an added midblock street
segment (shown at left in white) creating a beautiful shared lane that also accommodates
additional parking for cars (shown at right). Drawing by Bevan and Liberatos, photo and
project by Urban Ergonomics.
In addition to these physical retrofits, many cities and towns have introduced
congestion fees, tolls, and other economic incentives and disincentives, as
discussed in more detail in Chapters 4 and 5.
Shared Motorised Vehicles
Taxis, transportation network companies (TNCs), car sharing services,
and e-scooters, can all contribute to a more flexible, more cost-effective
transport system. They can do this by reducing demand for parking, by
lowering the number of vehicles required, and by shifting some trips to smaller
vehicles, including e-scooters.
At the same time, shared motorised vehicles also pose significant challenges.
Taxis and TNCs have similar impacts as private motorised vehicles on
congestion, and in some cases may even increase congestion. In particular,
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evidence shows that the requirement for “deadheading” or making additional
out-of-service trips to pick up users can generate additional vehicle kilometres
travelled.7 It is therefore important to plan for the accommodation of these
vehicles in both greenfield and retrofit scenarios, maximising their benefits
and minimising their negative impacts.
Shared Motorised Vehicles in Greenfield Scenarios
The street and block structure shown in 2.1.1 and 2.2.1 are also applicable for
shared motorised vehicles. It may be useful to plan for taxi ranks, car share
locations, and TNC pickup locations (for example, regularly spaces shortterm parking spaces). In addition, many cities have planned and built electric
charging facilities for car share vehicles.
A particular challenge is posed by electric scooters or so-called “e-scooters.”
When allowed on pedestrian paths and in other public spaces, they pose
particular dangers to pedestrians. However, when allowed in traffic lanes, they
pose particular dangers to the e-scooter users themselves. Therefore, for all
but the slowest streets, it is generally considered best practice to provide for
e-scooters in dedicated lanes, usually combined with bicycle lanes, and
adjacent to pedestrian paths (not to vehicle lanes or to parking spaces, due to
the danger of opening car doors). This optimum spacing is further discussed
in Section 3.
Several technologies are in development at this writing that may merit “futureproofing” considerations for greenfield sites. One of those is shared
autonomous vehicles, which may reduce the demand for parking, offer
greater safety for pedestrians, reduce congestion, and provide other benefits.
Even more promising, group rideshare vehicles could become autonomous,
in effect serving as on-demand shuttle buses. At least in theory, shared
autonomous vehicles do not require extensive new infrastructure and lend
themselves to retrofits.
However, many questions remain for autonomous vehicles of all types, and at
least until the technology is further developed, there are limited implications
for new greenfield developments.
Shared Motorised Vehicles in Existing Retrofit Scenarios
A similar set of requirements exists for existing retrofit conditions – for
example, identifying suitable locations for car share locations and TNC
pickup locations. Often existing on-street parking stall locations can be
dedicated to their use, or adjacent off-street parking and pickup areas. When
streets are retrofitted with additional on-street parking (as discussed in Section
2.2.2) this is an excellent opportunity to dedicate some spaces to car-share use
(and possibly electric vehicle charging) as well as TNC pickup zones.
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Once again, e-scooters pose a particular challenge, especially when space is
not available for dedicated lanes, and when dangerous traffic conditions
encourage them to travel along pedestrian paths. Some cities have actually
prohibited e-scooters, at least in some areas. Another retrofit challenge is to
find suitable places to park e-scooters, and there are many reports of escooters left blocking pedestrian paths or in other inappropriate locations.
Public Motorised Vehicles
Buses, streetcars and trams, gondolas, funiculars and railway lines, all
offer different advantages and disadvantages. Railway lines, including light
rail, tend to be the most expensive but also the fastest, and are therefore more
suited to longer regional trips and station spacing of typically 1600 metres (1
mile) or more.
Buses (including privately operated buses and shuttles serving the public) are
generally the least expensive but also tend to be slower, making them
especially suitable for shorter distances, with designated stops generally in the
range of 400 metres or ¼ mile. Because buses typically run within traffic, they
also contribute to traffic congestion and suffer delays when traffic is heaviest.
Bus Rapid Transport can be faster, but also requires dedicated lanes and
increased width, adding to cost.
In between the cost of bus and rail are the various fixed-rail tram and
streetcar systems. These also generally operate within traffic, and suffer
similar limitations as buses. However, because they are fixed-rail, stops tend
to be more permanent, and users tend to have higher confidence in their longterm availability. At the same time, in most cases they are significantly more
expensive than bus systems.
Lastly are gondolas, funiculars and other special application systems. These
are generally point-to-point systems that traverse otherwise inaccessible paths,
for example over steep terrain. They can be expensive, but cost-effective in
relation to other systems over the same terrain – or in fact they may be the
only systems that are feasible.
Public Motorised Vehicles in Greenfield Scenarios
Figure 7.1 shows a greenfield spacing scheme in which buses,
streetcar/trams and rail are all integrated at different spacing. It is important
to note that buses and streetcar/trams run within traffic and are limited by
traffic flow, unlike rail systems, which can operate on separate lines and/or
below grade. However, a dispersed grid pattern helps to alleviate the potential
for congestion “choke points” and keep all modes of traffic moving smoothly.
Of course, the capacity of vehicles needs to be adequate for the expected
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population density and projected travel patterns. This calculation is not
difficult to make based upon an analysis of market demand, population
growth and other foreseeable factors.
As noted previously, bus rapid transport requires separate travel lanes, and
as with rail, generally must be planned at the outset with dedicated station
platforms and pathways.
Gondolas and funiculars should also be planned at the outset, even if their
construction will be in the future.
As with other systems, all public motorised vehicle systems should be “futureproofed” to evolve as conditions change. For example, in the early years of a
greenfield development, rail systems might not be cost-effective or otherwise
feasible. By providing an alignment where a system could go in later years,
enormous future cost and disruption could be avoided.
Public Motorised Vehicles in Existing Retrofit Scenarios
The retrofit of existing urban areas to accommodate buses, streetcar/trams
and rail poses additional challenges, but they are familiar ones for many cities.
Indeed, the history of urbanization from the late 19th Century offers many
lessons for the challenges of retrofit, including tunnelling, widening and
bridging.
Buses are the easiest to plan in retrofit scenarios, since they can be
accommodated in existing lanes and with flexible stop locations (ideally in
“pullout” spaces, so that they do not block traffic). They also impact the flow
of existing traffic – although if they can capture trips that would otherwise
occur by car, their negative impact on traffic flow can be reduced, or even
become positive.
Streetcars/trams and bus rapid transport generally produce significant
disruption from the construction of track and construction of platforms, but
this can be minimized with careful phasing. Their initial construction and
operating cost is generally more than bus systems, but less than rail systems.
Below-ground rail systems, funiculars and gondolas are the least
disruptive to construct, but are also generally very expensive systems. Aboveground rail systems are generally less expensive but more disruptive in
retrofit scenarios.
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7.3 PATH, STREET AND ROAD SPACE ALLOCATIONS
While it is important to allocate significant street (i.e. urban) and road (i.e.
rural) space for all modes, it is also critical to understand that demand for
different transport modes is highly elastic, and often highly unpredictable.
Vehicular traffic on streets is not akin to a liquid flowing within a pipe; because
drivers are agents who exercise choice, there is no simple formula for
determining traffic flow at a given point.
Indeed, one of the most important mistakes of the last century of transport
planning was to assume that if automobile travel in particular was restricted
by congestion, the remedy was always to widen streets and roads. Usually the
accepted methodology has been simply to make traffic counts, and then, when
the volume warrants, make “improvements” to the street to accommodate
traffic. Less common has been to practice what Jane Jacobs called “attrition
of automobiles” [8, 9].
However, this methodology has failed to account for the phenomenon of
“induced demand,” the tendency to encourage more trips by automobile when
it becomes more convenient. Because travel demand is elastic, it is important
to maintain a balance in the system, by offering a range of viable alternative
travel modes, and by calibrating incentives and disincentives to reflect longterm costs, including so-called “externality costs” (air pollution, health
impacts, etc., as discussed previously). This does not mean eliminating private
automobile trips, but making them less frequent and more efficient.
Moreover, it is important to be aware of the potential to generate extra and/or
longer trips, simply by creating land use patterns that require or encourage
extra travel – as we will discuss further in Section 4.
In allocating area for each kind of path, street and road, we must consider the
width of each lane or pathway, the number of each, the curbside allocation
[10], and the spacing of each component in each direction within the network.
In the case of “multi-way boulevards” (discussed further below), the so-called
“slip lanes” will be narrower than the main travel lanes. In addition, for certain
kinds of streets known as “queueing streets,” there may be only one lane that
is used for both directions of travel, as vehicles will pull to the side or pass in
succession.
Below is a table of typical allocations for different kinds of paths, streets and
roads, following guidance from the National Association of City
Transportation Officials in the USA. These sizes work with the grid scheme
indicated in Figure 7.1.
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Item

Pavement (sidewalk) Commercial Area
Pavement (sidewalk) Residential and Other
Areas
Bicycle Lane
Parking Stall
Shared Space Lane
Local Street

Avenue
Multi-Way Boulevard

Mobility Corridor

Allocated Space
Width per
Number of
Lane (Stall)
Lanes
3.5-6.0 Metres 1 per Street
(12-20 Feet)
Side
1.5-3.5 Metres
(5-12 Feet)

1 per Street
Side

1.0 Metre (3
Feet)
2.2-2.5 Metres
(7-8 Feet)
2.7-3.0 Metres
(9-10 Feet)
2.7-3.0 Metres
(9-10 Feet)

2 per Street

3.0-3.6 Metres
(10-12 Feet)
3.0-3.6 Metres
(10-12 Feet;
Slip Lanes
Narrower)
3.6 Metres (12
Feet)

Rural Highway

3.6 Metres (12
Feet)
Table 7.1: Path street and road allocations.[11]

n/a
1-2
2 per Street
(One if
Queueing
Street)
2-4 per
Street
4-8 per
Street
(Including
Slip Lanes)
2-8
2-8

Spacing
Every 70-90
Metres (230300 Feet)
Every 70-90
Metres (230300 Feet)
90-180 Metres
(300-600 Feet)
n/a
90-180 Metres
(300-600 Feet)
90-180 Metres
(300-600 Feet)
Approx. 400
Metres (1300’)
800-1600
Metres (26005200 Feet)
1600-3200
Metres (1-2
Mi.)
n/a

7.4 CONCLUSION: TOWARD OPTIMAL TRANSPORT NETWORKS
We must recognise that the optimal interconnected, multi-modal network
described in this chapter is an approximate ideal, and furthermore, is often
impossible to fully achieve. Yet there are many encouraging examples of
projects that have shown the benefits of progress toward that ideal. Even in
retrofit conditions, significant improvements can be made through infill and
other strategies.
We saw an example in Figure 7.4, the transport-oriented development (TOD)
of Orenco Station, in the Portland, Oregon (USA) region. That project’s
urban design was modelled in large part on the successful urban fabric of the
central part of Portland (Figure 7.7). That city offers an intriguing example of
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an optimally well-connected transport framework, including some retrofit
elements that have been added in recent decades. Its walkable small-block
structure is remarkably continuous, even extending into vibrant industrial
areas, hospitals, universities, and other typically large-block or “campus”
users.

Figure 7.5. The remarkably continuous street grid and multi-modal transport system of
Portland, Oregon USA. Principal through streets are largely consistent with an optimal
400m (1/4 mile) spacing framework, extending even over the river, freeways and other
potential barriers. In some cases, smaller street grid extensions also extend over freeway
obstacles, forming a continuous walkable fabric (inset). Some areas, like the Laurelhurst
neighbourhood, also show irregular or deflected grid patterns without interrupting the overall
400m grid spacing. Source: Google Maps.
Portland is just one example of best practices in cost-effective transport
networks for both existing retrofitted areas and new greenfield extensions.
The city and its region have demonstrated that a combination of incremental
retrofits and greenfield extensions can indeed achieve a more successful,
multi-modal, cost-effective transport network.
However, we must also consider another major element of the equation: the
surrounding land use. Clearly the distribution of origins and destinations
affects the length of trips, and the cost-effective operation of different modes.
Furthermore, the character of land use can have important psychological
impacts on transport behaviour, for example, willingness to walk [12] and
willingness to use public transport [13. 14]. Unfortunately, we have made
serious mistakes in land use planning, which now demand their own reforms
and cost-effective solutions.
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8. FINANCING AND BUSINESS MODELS
BEGONIA GUTIERREZ FIGUEROA

UNEP DTU Partnership, DTU University
8.1 INTRODUCTION
The long-term trajectory of mobility is skewed toward more shared,
electrified, and automated modes of transportation rather than away from
them [1]. There is a significant movement underway from traditional
transportation modes to new mobility services and business models that
support them.
Organizations that want to be at the forefront employ design thinking,
strategy, and a willingness to adapt their business models. Customers in
this digital age are searching for organizations that have disrupted the
status quo by reinventing their business models and providing value for
them.
Moreover, in order to achieve sustainable and profitable solutions, a clear
and innovative business model should be defined. Traditionally, a
business model describes the rationale of how an organization creates,
delivers, and captures value, in economic, social, cultural or other
contexts. However, business models are commonly focused on value
creation through economic benefits, often ignoring environmental and
social concerns.
In this regard, and focusing on sustainability, affordability and
innovation, this chapter will introduce different business models for the
road transport sector (i.e. car sharing) and further analysis will follow
using the Business Model Canvas for Sustainability (BMCS).
Furthermore, strong attention will be on the affordability and limitations
of these business models concerning a sustainable transport landscape.
Additionally, this chapter will also analyse the low-cost infrastructure
investment needed in the road transport sector and the different financial
tools and risk-sharing mechanisms that can facilitate the decrease of the
relative risk-return profile of sustainable transport infrastructure projects.

119

THE ROAD FORWARD

8.2 THE ROLE OF BUSINESS MODELS
Our vehicles, how we travel around, and our lifestyle, are shaped and changed
by new technologies and business models.
Nowadays, we can easily access shared cars, bikes, and scooters using
smartphone apps. In that way, our view is that travel is not a long-term
commitment to a single mode of transport, but rather, a short-term flexible
service.
Electric bikes, scooters, and modular automated shuttles, for example, may
make transportation more accessible by reducing the "last mile" between our
homes and workplaces. At the same time, vehicle sharing can increase
revenues by having cars available 24 hours a day and utilizing the road more
efficiently [2]. Consequently, the long mobility trend bends in the direction of
more shared, electric, and automated transportation, not the other way
around.
With the COVID-19 crisis, operating in the black is nearly challenging without
some assistance and the development of efficient business models [1].
Simultaneously, consumer behaviour and mobility patterns are evolving. The
COVID-19 pandemic is accelerating these changes, which are promoted by
digital solutions and the use of shared and collaborative mobility services [3].
All these facts are accelerating the need for more sustainable and efficient
business models.
Several studies show that businesses that reinvent their business models have
a better chance of succeeding [4, 5, 6, 7]. Not only is the importance of
Business Model Innovation (BMI) addressed in academic literature, but it is
also a highly debated subject within the mobility sector.
Because mobility innovations are challenging traditional business models
(BMs), the creation of new BMs will be critical to the mobility sector's growth
[8, 9, 10]
To thrive in today's competitive climate, transportation companies must
create a sustainable business plan. "A business model articulates the reasoning,
the data, and other facts that support a customer value proposition and
sustainable revenue and expense structure for the company that delivers that
value. It's about the value the company can provide to consumers, how it will
structure to do so, and how it will regain a percentage of that value" (p.179)
[11]. Well-defined business models allow organisations to identify what
customers want and need and how organisations may best meet and pay for
those demand [12].
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8.3 SUSTAINABLE BUSINESS MODELS FOR THE
PASSENGER ROAD TRANSPORT SECTOR
Businesses nowadays are pressured to operate more sustainably and consider
the economic, environmental, and social logic behind their business practices
to create value for their stakeholders. This fact is also valid in the
transportation sector due to this industry's multiple negative environmental
impacts, and those from road transportation in particular.
Business models have traditionally focused on generating value through
economic benefits while disregarding environmental and social problems.
However, within business model innovation, the idea of sustainability, which
encompasses all three pillars (social, environmental, and economic), is gaining
popularity and is now a major emphasis in academic research [13].
Although academics have focused more on how business models promote
sustainable urban mobility through innovation, they have given less attention
to what makes a business model sustainable and innovative in the context of
urban mobility. According to the study made by de Souza et al. [13], the
following features play an essential role towards the sustainability of an urban
mobility business model: (1) promoting the use of clean energy, (2)
maximizing the use of transportation resources and capabilities, (3) promoting
sustainable mode substitution; providing service orientation and functionality,
(4) formulating initiatives that address the needs of a wide range of
stakeholders in transportation systems, (5) limiting demands, (6) extending
benefits to society and the environment in a systemic perspective and (7)
building mobility solutions that can be scaled up.
However, it is also relevant to consider how BMIs can foster the affordability
barrier to access the transport sector and promote its transformation. The
Sustainable and Smart Mobility Strategy launched by the European
Commission in 2020 stated that mobility must be accessible and affordable to
all, so that rural and distant areas remain connected, and that the sector
delivers favourable social conditions and appealing employment opportunities
[3].
This section introduces the new business model canvas for sustainability
(BMCS) developed by (Cardeal et al., 2020). BMCS focuses on integrating the
three pillars of sustainability in one business model canvas [14].
Thus, the BMCS preserves the point of the original Osterwalder and Pigneur
(2010) canvas, the “sense-making,” still focused on the value of a product,
process, or organizational innovation, while integrating the three pillars of
sustainability as we see in Figure 8.1. [15].
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Figure 8.1. Business model canvas for sustainability. Source: adapted by the author using
information from (Osterwalder & Pigneur, 2010; Sarasini & Langeland, 2017) and
designed using Miro (an online whiteboard & visual collaboration platform) [15, 16].
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BMCS will analyse the selected business models depicted in sections 8.3.1 to
8.3.3 to determine their potential as sustainable and low-cost alternatives.
However, due to the limits of this study, this section will mainly focus on the
burdens and benefits while considering the three pillars of sustainability
previously discussed.
The following business models have been selected to propose an alternative
to fight the increasing pressure on passenger transport networks in both urban
and suburban regions, and they can be integrated as part of digital solutions.
For instance, a move towards shared and collaborative mobility services
(shared cars, bikes, ride-hailing, and other types of micro-mobility) coincides
in many cities, allowing for a reduction in everyday traffic [3].
8.3.1 Shared mobility (Car-sharing and Ride-sharing)
Car and ride-sharing are increasingly seen as a way to transportion to a more
sustainable transportation system. They are linked to better urban
management, increased energy efficiency, among other benefits. Car-sharing,
while driven by new mobile technology and applications, is focused on
changes in travel behaviour as a practice, new markets, and business model
innovation [16].
Car-sharing
Currently, the business viability of car-sharing conglomerates such as Car2Go
primarily consists of city-dense metropolitan areas. Cities naturally have the
densest concentrations of workplaces and residential regions, with the best
access to public transportation. The possibilities of combining multiple forms
of transportation are also most significant here. However, this does not rule
out vehicle sharing as a feasible option in suburban and rural regions.
Car-sharing is especially appealing to persons who don't use vehicles on a
regular basis by providing access to mobility services instead of owning the
car. Car-sharing also improves resource utilization by redistributing, sharing,
and utilising excess capacity [16].
Mobility services, such as car-sharing, are presently viewed as a critical area
for innovation. This fact is due in part to digitalization and the use of
information and communications technology (ICT) technologies in the
transportation sector [17, 18]. It is also owing to the emergence of new
business models that leverage the value comprised in collaborative
consumption, multi- and multimodal travel, and big data analytics [19, 20, 21].
There are three main types of car-sharing business models. Business to
Consumer (B2C) and business-to-business (B2B) car-sharing describe the
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supply of services to private companies and private individuals, respectively.
A corporation operates a fleet of cars and promotes car-sharing among
members. The workforce receives fleet access through their company while
using B2B car-sharing, also known as corporate car-sharing or employerbased car-sharing [22]. Peer-to-peer (P2P) car-sharing is when existing car
owners allow their vehicles to be used by others. There are different carsharing schemes such as station-based (roundtrip) and free-floating (point-topoint) [16].
The B2B and B2C business models act as integrators and handle the value
proposition delivery for their customers. Car-sharing businesses utilize a fleet
of shared vehicles owned and operated by the company. P2P car-sharing, on
the other hand, involves individuals who function as orchestrators, who
develop platforms for individuals to share their assets (vehicles). Multi-sided
platforms facilitate car and ride-sharing. Some car-sharing organizations also
operate as licensors, allowing other organizations to set up their car-sharing
services. In B2B segments, businesses serve as both integrators (where they
own vehicles) and as licensers (Sarasini & Langeland, 2017).
In this chapter we will focus on integrators and orchestrators, whose business
models are summarised in Table 8.1 (next page).
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Table 8.1. BMCS for the car-sharing business model. Source: compiled by author using
data from Sarasini & Langeland, 2017, Litman, 2000, Roblek et al., 2021, and
Deloitte (2017) [16, 23, 24, 25].
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Observing Table 8.1, car-sharing could be considered as a merit good that
produces external benefits. However, these benefits may not be fully
recognized, and relevant stakeholders have also to provide the means for
customers to realize the potential of car sharing and promote its positive
environmental effects.
Considering the cost structure portrayed in Table 8.1, several measures to
make car sharing most cost efficient are discussed by several authors in the
literature.
To begin with the integrators business model, the availability (and cost) of
parking is a significant impediment to the expansion of these business
models. In this regard, Cohen & Kietzmann (2014) suggest, in most B2C carsharing schemes and some street furniture bike-sharing programs, cities give
service providers free or discounted parking. This situation is because many
local governments realize the value of these shared mobility options in
complementing their comprehensive transport services [8].
Furthermore, Sarasini & Langeland (2017) explain different options to reduce
free-floating service costs. As an illustration, one operator in the Nordics has
devised a novel pricing plan that rewards users who relocate their vehicles.
The operator saves money by not having to hire staff to redistribute vehicles
after use [16].
Additionally, some integrators provide lower usage prices as part of a monthly
subscription, while others do not charge a monthly fee, allowing members to
register without obligation. This allows customers to pay for services on a payas-you-go basis, allowing for easy and flexible access to those who prefer to
experience them before adoption. Through BMI, integrators frequently test
various price packages with varying degrees of coverage to improve the value
given.
Moreover, some integrators offer electric vehicles (EV) at a lower cost than
ICE vehicles, but this is due to relationships with municipalities ready to
support environmental journeys. This subject could be further explored to
align the implementation of EV car-sharing programs with municipality's
sustainable plans or at a higher level like the European Strategy for lowemission mobility). In this regard, (Arbeláez Vélez & Plepys, 2021) established
that B2C and P2P car sharing could reduce transportation emissions if it
encourages individuals to change their travel behaviours, such as switching to
low-emission options and reducing vehicle ownership [26].
According to Sarasini & Langeland (2017), integrators also advocated for
policymakers to prioritise developing EV charging stations. Like parking,
integrators must install charging stations on a scenario basis; therefore, many
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have teamed with specialized suppliers who operate as intermediaries between
landowners, utility companies, and vehicle sharing integrators [16].
Integrators' experiments also aim to reduce the differences between customer
segments. Instead of focusing exclusively on business or consumer segments,
several integrators have tested or are testing new services that allow
commuters to access a shared vehicle for private usage at night and on
weekends. The same car might be used by others for business trips and is kept
at their workplace during work hours. In this context, one integrator offers
different rates for different user categories and hours.
These improvements in the business model can connect commuters' homes
to workplaces, which often relate to towns, cities, and suburbs. However, in
some countries like Finland, the tax system does not distinguish between
different forms of vehicle usage within the same contract.
Like integrators, orchestrators are constantly testing new business models.
Some orchestrators focus on adding new value propositions by expanding
their initial offerings. As an illustration, in the case of P2P car-sharing
orchestrators, they might begin offering P2P ride-sharing or vehicle leasing in
addition to their services. Similarly, other orchestrators focus on scaling their
business models by entering new partnerships with municipalities and
businesses (among other actors). By better-utilizing vehicles owned or leased
by them (or others), these businesses aim to cut their own or others
transportation costs and environmental impacts.
To conclude, as described above, there are different measures that could
decrease the current cost structures of car-sharing business models while
benefiting from its positive environmental impacts. However, in order to
foster the switch from car ownership to car sharing, there are still several
factors to be considered. According to Deloitte (2017), the following success
elements are important for free-floating providers: (1) location, dense
population to attract enough clients per car, (2) time-based pricing, (3)
cooperation with local authorities to grant parking spaces/permits, and (4)
convenience, wide availability of (small) vehicles across city areas.
Additionally, stationary providers must examine the following success factors:
(1) location, considering urban, suburban, and rural areas proximity (2) a wide
range of stations, including central hubs (e.g. train stations), (3) distance-based
price or hourly rates and (4) fleet versatility. Moreover, for P2P car-sharing,
the following aspects must be taken into account: (1) advance user-friendly
technology and (2) a broad and diverse network ensuring an optimum match
for all customers [27].
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Ride-sharing/ Ride-hailing
In cities across the world and motivated by internet and mobile technologies,
P2P ride-sharing has developed as an important mobility choice. For P2P
ridesharing, social networks and mobile geolocation technology can be utilized
to provide real-time ridesharing (e.g., Lyft and Uber) [28].

Table 8.2. BMCS for the ride-sharing business model. Source: compiled by author using
data from Cohen & Kietzmann (2014), Satti, (2019), Sarasini & Langeland (2017),
Asirin & Azhari (2018), Roblek et al. (2021), and AppsRhino (2020) [8, 16, 24, 29,
30, 31].
Ride-sharing has a long and widespread history. Non-profit and governmental
organizations have offered support for older business models such as
traditional carpooling and flexible carpooling schemes. Emerging business
models such as P2P ride-sharing have garnered significant market share in a
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short period. However, their lack of collaboration with local governments has
challenged the long-term success of these models [8].
Table 8.2 (above) describes the results after analysing the ride-sharing business
model through the BMCS. It provides an overview to understand its
sustainability impacts and the possibilities better to make it more costeffective.
P2P ridesharing platforms such as Uber and Lyft do not have to employ
drivers or buy vehicles, so they can use social networking to grow and scale
up their businesses. However, private ridesharing providers have chosen to
avoid involvement with local governments. Thus, legal action and other
threats from local governments and taxi operators have made their business
models vulnerable [8].
To ensure long-term success, Cohen & Kietzmann (2014) suggested that
shared mobility service providers should work with local governments [8].
This also means maximizing public and environmental goals to achieve active
city support. Incentives to use these P2P networks, such as incorporating
ridesharing data into transportation apps, could reduce expenses for riders.
This situation would move P2P ridesharing business models for sustainability
(BMfS) towards merit models, reduce agency conflicts, and improve social
license to operate [32].
Until Uber and Lyft came along, Zipcar was the world's most successful
shared mobility firm. Before being acquired by Avis, Zipcar was a for-profit
corporation with elements of merit goods. In this regard, it received free
parking places from local governments to promote the service and keep costs
low for users. In Washington, D.C., Zipcar had free use of 86 curbside parking
spaces until 2011.
It is possible to optimize access and environmental effect by viewing shared
transportation as a merit good while at the same time reducing the typical
agency conflicts usually found in strictly private business models [8].
Therefore, it can be concluded that to reduce the costs (both economic and
social) from ride sharing business models, merit good BMfS could play an
important role. For doing so, the promotion of public-private partnerships
(PPP) is crucial. More details about PPP will follow in the section 8.4.
Mobility as a Service (MaaS)
Mobility as a service (MaaS) is connected to the combination or integration in
one single intermodal mobility offer of several forms of travel (e.g., public
transport, taxis, bicycle pools). MaaS is evolving in numerous initiatives across
Europe, in certain parts of the United States, and Australia as a replacement
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for private car ownership by allowing consumers to acquire monthly mobility
subscriptions through smartphone apps [16].
MaaS intends to create a linked and cooperative transport market while
reducing inconvenience for users. This situation will only happen if a new
player, a MaaS provider, enters the transport sector. MaaS providers should
be able to eliminate travel-related pain points (Kamargianni & Matyas, 2017).
The MaaS provider connects transport operators and users. MaaS uses data
that each transport operator supplies (through secure Application
programming interface - APIs), buys capacity from the operators, and then
resells it to users. Only one interface is required for the search and transport
mode selection. The MaaS operator can use real-time data about the network
to find the best options for each journey (supply-side) and customer
preferences (demand side) [9].
Various business models with diverse methods exist when the MaaS operator
is either a private or a public entity.
MaaS operators strive to enhance their services by integrating other services
relating to transport into its standard range of offerings. These extra services
can include city bikes, taxis, and other services, including mobile ticketing,
payment, multimodal planning, and (re)routing by the mobile service provider
(MSP).
Contrary to other business models of MaaS operators, PPP MaaS operators
include local logistics service providers (LSPs) and transport service providers
(TSPs) and MSPs within MaaS service [33]. The following Table 8.3 portrays
the results of MaaS business model analysed through the BMCS.
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Table 8.2. BMCS for the MaaS business model. Source: compiled by author using data
from Kamargianni & Matyas (2017), Polydoropoulou et al. (2020), Kao et al. (2019),
S. Shaheen & Chan (2015), The International Association of Public Transport (2019),
and CIVITAS PROSPERITY (2020) [9, 34, 35, 36, 37, 38]
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As shown in Table 8.3, MaaS business models produce several eco-social
benefits; however, the cost structure implies the integration and coordination
of the different actors involved. But as a novel concept, further research and
synergies still need to be done.
Eckhardt et al. (2017) suggest that that in and between cities and suburban
areas, the model of the public transport operator is likely to succeed more,
given these areas are already relatively well covered by public transport. The
PPP model might potentially deliver substantial savings in the public sector,
making it more sustainable, particularly in rural areas (where total traffic
volumes are small, but journey distance is rather lengthy) [33].
Future market adoption of MaaS will be hindered without creating prototype
business models to provide high-value bundled mobility services, as well as
helping the MaaS operator and its partners gain revenue.
To illustrate a successful example of how MaaS adoption could bring
innovative and cost-efficient changes is led by the company Skipr. A strategy
Skipr (a MaaS app that helps initiate and implement a new mobility policy in
companies) pursued in Brussels offers MaaS solutions to employers instead of
individuals. Skipr CEO Mathieu de Lophem announced a recent €7 million
($8.3 million) fundraising by addressing MaaS companies directly, stating,
"Our B2B solution has been producing income from day one".
In 2016, more than 10% of Belgium's 5.7 million cars were registered as
corporate cars in 2016. The government has started giving "mobility budgets"
for firms that pay their employees a salary to commute via transport or escooters. Encountered in Germany and France, company cars suggest a
greater market for B2B MaaS solutions [39].
With increasingly integrated services enabling more particular, targeted use of
a more appropriate vehicle to shared ownership, the MaaS potential can only
grow this role. However, physical infrastructure enabling car-sharing and data
integration is needed. Furthermore, cities should put out visions for boosting
car-sharing competitiveness vs. individual car ownership (Bloomberg, 2020).
The revenue allocation is a major concern within MaaS. As being a new
concept, MaaS faces challenges of deployment and market acceptance. All of
this is accompanied by integration costs, coordination, governance, and
uncertainty about users' willingness to pay (WTP) for services.
Transforming cities' current mobility into MaaS will need addressing
numerous elements, including operational and technical requirements, and
most crucially, financial viability.
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Maas' future model is unclear but relies on a series of technological, social,
mobility, and regulatory changes and developments [34].
8.3.2 Micro-mobility
Congestion in metropolitan areas is taking public spaces with car parks, large
roadways, and multi-tiered bridges. Most developed cities have commuteroriented micro-mobility. This business idea saves customers money while also
providing service providers with a cost-effective source of revenue.
The micro-mobility industry provides micro-mobility services. The industry is
characterized to sell to consumers (B2C), but may also supply to groups (B2G)
or other businesses (B2B). The vehicles produced by the industry mostly
comprise scooters, bicycles, and cars. They are electric vehicles. These firms
obtain the majority of their raw materials from technology firms and vehicle
manufacturers. In some cases, the automobiles are supplied by original
equipment manufacturers (OEM). Additionally, the Shared-Micro-MobilityIndustry focuses on offering mobility services that the users share [40].
Shared micro-mobility is an innovative transportation approach that enables
users to have short-term access to a transportation mode (bicycle, scooter, or
other low-speed mode) on an as-needed basis. Shared micro-mobility includes
(mostly) station-based bike-sharing (bicycles can be taken up and dropped off
at any station or kiosk) and dockless bike-sharing and scooter-sharing (a
bicycle or scooter picked up and returned to any location).
There are several scooter-sharing systems (both standing electric and mopedstyle scooters) across the globe [41]. For the purpose of this study, the analysis
will be done for e-scooter sharing and bike sharing business models.
Scooter sharing (e-scooter)
Scooter-sharing has evolved significantly. According to Kao et al. (2019), the
market is still growing, and new players are entering the market [35].
Many key elements influence players' business models. First, city authorities'
approaches vary significantly. In many cities, just a few scooter firms are allowed
to operate. Second, investors have been flooding the industry with funding.
Local governments must give clear advice and restrictions to respond to this
situation, particularly for disruptive innovations like free-floating scootersharing. These guidelines would help mobility firms create sustainable
business models and commercialize the services faster [35].
The following Table 8.4 introduces the analysis of e-scooters business model
using the BMCS approach.
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Table 8.3. BMCS for the shared micro-mobility (e-scooter) business model. Source:
compiled by author using data from Kao et al. (2019), Boglietti et al. (2021), Fong et al.
(2019), and Hollingsworth et al. (2019) [35, 42, 43, 44].
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The results of Table 8.4 display great eco-social benefits and costs. Therefore,
according to the literature and the current market trends, in order to optimize
the use of e-scooters and promote its cost-efficiency, e-scooters business
models should consider the following to thrive: (1) utilize e-scooters for the
last mile, lengthen their lifespan, and ride them in a more careful manner to
prolong their life, (2) enhance the charging infrastructure (to avoid recharging
them with conventional cars) and (3) not to be used to substitute trips that are
already low-carbon, such as public transportation, walking, or cycling.
There are different factors that can portray successful e-scooter business
models. For instance, Bird (micro-mobility company based in California)
CEO Travis Vander Zanden states that unit economics have improved
significantly in the last four years. Upgrades to scooter durability and pricing
increases for clients have boosted Bird's and likely other micro-mobility
platforms' contribution margins. Despite these favourable changes, the
industry will need to reduce operational costs and gain market share to be
profitable [45].
On the other hand, the economics of shared micro-mobility favor industry
players. Micro-mobility assets (like electric bikes) are easier to scale than carbased sharing systems. For example, an electric scooter now costs under $400,
against thousands for a car. An e-scooter may break even in less than four
months, according to an industry leader's outside-in business case [46].
The year 2019 saw a 62% increase in overall rides, driven by a 130% rise in escooter journeys. However, COVID-19 slowed the trend, first reducing rides
by 60-70%. The first COVID-19 shock has since reversed and is on track to
fully recover by 2021–22.
The high demand and adoption of micro-mobility is estimated to have a
market potential of $500 billion by 2030. Untapped markets like this have
fuelled an industry rush of investment, with the battle for market share still
ongoing [45].
Bikesharing
Bikesharing is one of the fastest rising modes of transportation in many cities.
Bikesharing users can rent bikes for one-way or round-trip travel using one of
three bike-sharing models: (1) station-based bike-sharing, where users access
bicycles via unattended stations offering one-way service, (2) dockless, where
users may access (unlock) a bicycle and park it at any location within a
predefined geographic region, and (3) hybrid bikesharing systems, offering
both physical station-based and dockless bike-sharing. These systems
currently work with both traditional (non-motorized) and electric (e-bike)
bikes. There are also closed campus and peer-to-peer bike-sharing [47].
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In most bike-sharing systems around the world, anyone can borrow a bike for
a nominal fee, and a credit or debit card is required to use this system.
The following Table 8.5 describes the results after applying the BMCS to the
bike sharing business model.
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Table 8.4. BMCS for the shared micro-mobility (e-scooter) business model. Source:
compiled by author using data from Kao et al. (2019), Boglietti et al. (2021), Fong et al.
(2019), and Hollingsworth et al. (2019) [40, 48, 49, 50, 51, 52, 53].
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In order to maximize profits and reduce costs, different innovative ideas must
be explored in the industry of bike-sharing.
As stated at the beginning of this sub-section, there are different modes of
bike-sharing, where hybrid bike-sharing offers a different approach
maximizing flexibility and minimizes chaos. In this regard, Urban Sharing (a
Norwegian software platform for micro-mobility) has incorporated custom
hardware designs to develop a better solution for bike-sharing. Its proprietary
hybrid lock supports both physical and virtual bike-sharing stations. The
technique works by locking the bike “to itself” during a break in the borrowing
period or returning it to a physical dock. This paradigm provides user
flexibility while keeping an ordered and optimized urban functioning.
The hybrid lock also enables “virtual” stations constructed utilizing
geofencing technologies. During peak hours, visitors can park and lock their
bikes next to the dock. Requests for bike borrowing are intelligently allocated
based on the previous usage to balance wear and tear across the fleet. If the
station has any “overflow” bikes, they will be allocated first to maintain the
well-organized streets. The bike´s technology, not the dock, reduces
installation and maintenance expenses for physical stations, as no power
connection to the docks is required. A hybrid system is also a cost-effective
approach to develop and construct bike share programs, as virtual stations
may be tested at almost no cost. Thus, usage trends may be analysed before
permanent stations are built.
The geofenced region of virtual stations can be easily increased or decreased
based on demand. Virtual stations are a quick and economical approach to
expand and adjust the system based on the unique needs of the city and its
population [54].
Technological advancements are clearly changing the way people use and own
vehicles, affecting all transportation networks. The concept of geofencing—a
virtual barrier around a predetermined region or building —could provide a
compromise between traditional station-based and free-floating BSSs,
enabling the benefits while relieving the issues associated with these systems.
Having designated sites to pick up and drop off vehicles could assist overcome
some docked BSS restrictions (i.e., insufficient racks or station faults), while
keeping some of the parking flexibility given by free-floating BSSs [53].
Cities must encourage shared micro-mobility proactively if they are to realize
the market potential and mileage commercialization benefits. Therefore, they
could help the micro-mobility business model to ease traffic issues.
Encouraging the use of micro-mobility for short journeys could be one
option. Cities might also develop intermodal hubs for micro-mobility and
public transportation to become more suitable. Nevertheless, micro-mobility
players need to go carefully as certain cities today are reluctant to use the
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service, including safety restrictions; and the low entry barriers allowing
competitors to steal a player´s customer base by investing a bit more [46].
8.3.3

Remarks and Recommendations

After exploring the different business models depicted from sections 8.2.1 to
8.2.4, it can be concluded that they provide several eco-social benefits and
some challenging cost structures. Therefore, to exploit these sustainability
benefits and reduce costs, BMI has to take place. Both public and private
stakeholders have the chance to explore new synergies that could open room
for new disruptive business models. These innovations, of course, will depend
on the different countries' context, the investment opportunities, and the
WTP of potential customers.
Nevertheless, the COVID-19 issue highlights the fact that the “old mobility
normal” was already destroying local economies through congestion,
overspending on roads and parking, and drivers injuring and killing too many
people through collisions and air pollution. Our mobility system was
previously faulty and is currently in disrepair [1].
Many people avoided taking public transportation during the epidemic for fear
of getting COVID sickness. As a result of national authorities limiting the use
of public transportation, some of these passengers have switched to driving,
yet cycling is rising in popularity in many locations. As cycling has grown, cities
have responded by improving infrastructure, albeit in some cases just
temporarily.
The current pandemic has also influenced the concept of smart cities as a
sustainable city model in 2020, affecting urban mobility. Cities started
accelerating pedestrian and cyclist projects and preparing new vehicle or bikesharing schemes with private partners. COVID -19 epidemic in 2020 forced
car-sharing businesses to close. For instance, companies focus on innovative
mobile solutions that provide users more cost-flexible ways (like the launch
of “pay-as-you-go”) and increasing payment via apps. The effects of a
pandemic may be seen in the rise of micro-mobility solutions (sharing
scooters, bicycles, and scooters) [24].
According to UNECE (2021), there are different enablers factors that could
trigger the public support for a green and sustainable transport [55]:
•
•

Boost public authorities' efforts to identify public concerns about the
future of sustainable mobility.
Local authorities, transport operators, the community, and the private
sector must form a solid collaboration.
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•
•

Information programs demonstrating how better public
transportation, active commuting, and suitable spatial planning can
alleviate those concerns
An ongoing educational and communication campaign similar to the
anti-smoking campaign.

Applying BMCS allows having a bigger picture of different sustainable
transport business models and identify potential strengths and obstacles. It
could serve as a basis for decision-making processes and a foundation for
investment plans opportunities. However, further research would be
beneficial to compare both the burdens and benefits of the BMCS
quantitatively.
8.4 ACCESS TO FINANCIAL INSTRUMENTS TO PROMOTE
SUSTAINABLE TRANSPORT
8.4.1. Introduction to financial instruments
(Duțescu, 2019) defines financial instruments following the International
Accounting Standards 32 (IAS 32). In this regard, a financial instrument is
defined as a contract that produces both a financial asset for one business and
a financial obligation or equity instrument for another business. The term
"financial assets" refers to "cash, contractual rights to receive cash or another
financial asset, or equity instruments" given by other businesses. On the other
hand, financial liabilities are contractual commitments to transfer cash or
other financial assets or "to interchange financial instruments with another
business under potentially unfavourable terms." Equity instruments are
contracts that represent a residual interest in a business's net assets [56].
A government, public institution, or any private organization may employ
various tools to finance its expenditure. Commonly, financing instruments are
categorized as either debt or equity [57]. Within these two broad categories,
the investing or borrowing entity may define a wide range of rights, privileges,
and constraints.
For this section, the classification of the financial instrument will follow a
broader categorization suggested by the European Investment Bank (2018).
Thus, financial instruments can be classified as follows [58]:
• Equity instruments, such as private equity and venture capital,
constitute ownership interests entitled to dividend payments when
they are declared but have no explicit right to a return on capital,
according to Alexopoulos and Wyrowski (2017) [57]. Equity
instruments are employed throughout a company's life cycle, with
venture/growth capital being more prevalent in the early stages and
private equity in the later stages.
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The most fundamental type of equity instrument is the common stock. Due
to the unlimited potential for dividends, appreciation in the value of their
common stock, and realization of liquidation profits, holders of common
stock have the most significant opportunity to participate in a company's
performance. On the other hand, common stockholders have the most
important risk of loss due to their general subordination to all other creditors
and preferred stockholders.
• Debt instruments, comprising senior debt, project financing, and
asset-backed debt, are described by Alexopoulos and Wyrowski
(2017) as a fixed obligation to repay a given sum at a specified future
period plus interest. They are used to finance businesses in their late
growth and profitability periods, when they have proven business
models, a solid balance sheet, recurring revenues, and stable, steady
cash flows to fund interest and principal repayments [57].
Additionally, debt instruments also include notes, bonds, and debentures,
typically entitled to payments paid first before preferred or common
stockholders. The following are some of the benefits of issuing debt
instruments: (1) predictable payments to investors, (2) no loss of
management's interest in company growth and voting power, and (3) investors
assume a lower risk of loss in their investment. Some of the disadvantages
include (1) potential operational limits, and (2) restrictions on the use of
working capital due to debt servicing commitments.
• Hybrid instruments, which include venture debt, mezzanine, and
quasi-equity, are those that combine the features of debt and equity,
such as mezzanine financing, venture debt, shareholder loans, and
preferred equity. Hybrid instruments are typically utilized during a
company's growth phase to access funding and ensure expansion
without compromising the founders' and current owners'
shareholding.
• Public and risk mitigation instruments, such as grants, public
loans and guarantees, and public-private partnerships (PPPs), intend
to assist businesses in growing and obtaining financing – that are
generally offered by national and EU-level public bodies. They
supplement private market instruments and enable companies to
invest in research and development (R&D) and expansion.
These four types of financial instruments are shown in Figure 8.2, and
categorised by their level of risk.
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Figure 8.2. Financing instruments overview. (European Investment Bank, 2018).
There are several factors to consider when determining which type of financial
instrument to finance transportation infrastructure and services. The planner
should think about the many sorts of instruments that may be employed and
the relative benefits and drawbacks of each. Besides, it is critical to examine
both short- and long-term objectives when developing funding strategies for
transportation infrastructure and services. In this regard, it is crucial to
develop innovative financing mechanisms to unlock the potential of the
different business models within the transport sector. Section 8.4.3. will
introduce specific tools available in the market and comment on the adequacy
of each of these tools.
8.4.2. Need for investment and financing
The global COVID-19 epidemic in 2020 produced one of the most significant
economic downturns in a generation, and the mobility industry was one of the
hardest hit. The crisis has imposed a new revenue and profit imperative on
automotive OEMs, suppliers, and other mobility players: design a sustainable
business model that matches the reality of the future normal [59].
According to Ang and Marchal (2013), today's transportation infrastructure
investment presents a once-in-a-lifetime chance to meet rising transportation
demand and development goals while avoiding "edging" emissions-intensive
development paths. Involving the private sector will be a critical component
of attempts to close the infrastructure investment gap, especially given the
current limitations on public finances [60].
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The rise in global transportation demand, as well as the challenge of reducing
greenhouse gases (GHG) emissions in the transportation sector, will
necessitate:
• Increasing investment in upgraded or new transportation infrastructure
to achieve development goals and rising travel needs, particularly in
emerging markets, and
• Transitioning investment away from carbon-intensive road transport
and toward sustainable forms of transportation.
Concerning investor categories, it is not the automobile industry investing in
shared-mobility startups. Since 2010, around $100 billion has been spent on
businesses that provide shared mobility. About 72% of all declared investment
since 2010 has come from venture capital and private equity firms, implying a
bet on the future rather than on proven and sustainable business models.
In 2019, the global consumer spending on shared mobility was roughly $130
billion to $140 billion. E-hailing accounted for the most significant, between
$120 and $130 billion, or more than 90% of the total market. When carsharing and P2P car sharing are combined, they account for less than 10% of
this market, which indicates e-hailing's greater convenience (the customer is
driven, may spend the time in the vehicle on other activities, and is not
required to find a parking place) [59]. For reference, e-hailing is defined by Jais
& Marzuki (2020) as a method of requesting a vehicle that is dependent on
network connectivity and the usage of a particular digital application through
the Internet [61].
In this context, a more accessible financing environment would benefit the
following three emerging sectors: (1) urban green mobility solutions and
services; (2) low carbon, highly energy-efficient road vehicles; (3) automated,
linked road transport [58].
By mobilizing co-investment from other public and private sector sources,
financial instruments might provide a significant new financing channel for
strategic investments [62].
Using alternate forms of finance for public transportation, such as green
bonds, PPPs, and enabling local businesses to invest in public transport, as
mentioned by Americo et al. (2021), will allow them to reap the benefits of
increased usage. Finally, governments now allocating some of the greatest
public funds in history must incorporate public transportation in their
COVID financial recovery plans, prioritise it, and ensure that funding is
available. They must also maintain and even step up planned investments in
public transportation infrastructures and services due to the numerous
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positive multiplier factors that will assist in the achievement of several
Sustainable Development Goals (SDGs) [63].
8.4.3. Financing instruments and risk mitigation instruments suggested
As urbanization and car ownership show rising levels, there is a crucial need
for a stable and robust financing framework of urban mobility [64]. In this
sense, Nyikos (2015) argues that access to funding is a major element of the
establishment, survival, performance, and growth of small and mid-size
enterprises (SMEs) [62].
Finally, section 8.4.3. will discuss various financial strategies and risk-sharing
arrangements that can improve the relative risk-reward profile of sustainable
transportation infrastructure and service projects, some of them already
described in section 8.2. The financial instruments and risk-sharing
mechanisms aim to support the implementation of both private and public
projects and can be summarized as follows:
•
•
•
•
•

Public-private partnerships (PPPs).
Loans;
Grants;
Loan guarantees; and
Green bonds

Growing attention has been given to the issue of financial inclusion and easy
access to funds in emerging and developing nations. Increasing concern
among policymakers is that the benefits of financial intermediation and
markets are not being distributed extensively throughout the population and
across economic sectors, with possible negative implications on growth,
income distribution, and poverty levels, among others. Additionally, they may
be concerned about the adverse effects of macroeconomic stability associated
with the concentration of financial system assets in a small number of
individuals, enterprises, or sectors [65].
Public Private Partnerships
PPPs have grown in prominence among governments since the 1980s as a
means of efficiently executing large-scale transportation infrastructure
projects [66].
PPPs are procurement methods that help for private sector participation and
risk sharing, as Ang & Marchal (2013) have stated [60]. They must provide
adequate "value for money" in comparison to traditional public procurement
to be effective. In addition, the proper institutional capacities and processes
must be in place. Based on experience, PPPs appear to be most suited for bus
rapid transport (BRT), highly used and specific rail linkages, and shared-use
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vehicle and bicycle systems. PPPs that are both effective and competitive
should adhere to the following principles:
• Assessment of project feasibility and sufficient "value for money"
(VfM) in comparison to conventional public procurement;
• Competitive bidding processes in tenders;
• Complete transparency of tender conditions and explicit rules on
project cancellation and compensation;
• Clear responsibility and risk-sharing agreements;
• Pricing regulations to ensure revenue flows and attract new entrants;
• PPP operators' independence;
• PPP units to design, implement, monitor, and evaluate PPP projects
Even while it can be a prerequisite of receiving funding, PPP programs to
invest in transportation infrastructure are not supported worldwide. On the
positive side, a PPP program in the transportation sector can deliver
infrastructure and services swiftly, efficiently, and to defined standards
without requiring large government capital expenditures. As long as the
infrastructure is built and services are delivered under objective standards,
private providers have no risk of contract termination. A PPP program's
downsides in the transportation sector are typically due to poorly specified or
implemented contracts. Such a situation can result from a lack of flexibility,
inefficient risk transfer, or a low return on investment [57].
The World Highways (2016) highlights the importance of giving risk capital
or bank credit common-interest initiatives. In the EU, for example, it is
explored through the use of project bonds and main risk-sharing instruments
such as LGTT (loan guarantee instrument for the Trans-European Transport
Network projects) to finance long-term transportation projects, including
investors. PPPs and other private-sector funding mechanisms should be seen
as complements rather than replacements for traditional public finance. In this
sense, it is crucial to find the right mix of public and private assistance [67].
Furthermore, regarding the BMs analysed in section 8.2., PPPs can serve as a
tool to mitigate the risk while looking for financing assistance and
implementation. Some insights into how this sharing-mechanism tool can be
implemented in the BMs are analysed in section 8.2. will be illustrated below
[67].
First, it is crucial to assess the financial needs in the capital intensity of
business models; GECKO research (a spin-off company of ETH Zurich)
demonstrates how partnerships can adapt to varying financial needs. An
innovation's capital-intensiveness affects how much collaboration and
experimentation occurs in the first stages of development. On the other hand,
authorities frequently react to less capital-intensive technologies (e.g., escooters) after introducing them on the streets. Thus, it is vital to take a more
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forceful approach to guarantee that these technologies contribute to local
mobility goals and do not create difficulties [68].
Another relevant topic is parking. According to (Dowling & Kent, 2015), the
success of car-sharing is highly dependent on a series of complicated
negotiations between public and private parties. Their research paper
emphasized the importance of a designated car parking space for
facilitating car sharing; for instance, applying behaviour change strategies and
public education campaigns may encourage residents to adopt car sharing [69].
Car-sharing relies on parking as a tool to meet its sustainability goals. Dowling
& Kent (2015) have demonstrated the possibilities for private provision of
sustainable transportation while using different examples of car-sharing
highlighted in their research [69].
To carry on with another prospect, Canales et al. (2017) explain the incentives
for pilots and partnerships [70]. The authors suggest that national
governments might incentivize communities to experiment with new mobility
applications through pilot initiatives backed by collaborations with respectable
organizations. A program that gives grants to assist communities in paying for
novel mobility apps and monitors the pilot projects to be assessed is one
mechanism for incentivizing this type of experimentation. A framework like
this can aid national governments in identifying the most effective pilot
initiatives and highlighting them as potential examples for other cities. In this
regard, different scenarios will be depicted below about pilot partnerships
with ride-hailing and micro-mobility companies in the United States (US).
Kortum (2021) analysed a 2018 survey of 44 public transport agencies in 22
states in the US [71]. The study focused on the nature of transport agency
efforts to coordinate with ride-hailing companies. Moreover, how issues such
as the Americans with Disabilities Act of 1990 (ADA) and Title
VI compliance (providing ways for low-income minorities without bank
accounts or smartphones to pay for transport services), data sharing, labor
union concerns, and agency liability were being addressed.
According to the study, most (three-quarters) agencies intended to improve
first- and last-mile transport connections in urban and suburban contexts.
While one-third also wanted to improve or extend paratransport service and
cut costs, approximately 20% wished to serve new areas without service and
provide service to low- and middle-income and transportation-disadvantaged
customers.
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Due to major ride-hailing firms' refusal to provide ADA services and satisfy
Title VI responsibilities, agencies enlisted other partners, such as wheelchairaccessible vehicle (WAV) providers or contact centers, to enable trips for nonsmartphone users. Respondents also cited concerns regarding implications on
unionized workers as critical issues. Most transportation agencies were able to
address these issues, while several intended pilots were canceled.
To continue with micro-mobility, pilot initiatives by transport agencies to
cooperate with cities and micro-mobility providers to promote first/last-mile
connections to transport are being studied as part of the Transport
Cooperative Research Program (TCRP).
The TCRP project's interim report and other reports show that efforts to
provide first/last-mile connections have concentrated on providing the
following actions:
1.
2.
3.
4.

Docking stations and parking near transport stops and stations;
148 regulating sidewalk use and parking;
Providing bike lanes;
Implementing data-sharing requirements that facilitate planning and
enforcement.

Rather than transportation agencies, local governments are leading most of
these initiatives since local governments set criteria for micro-mobility
businesses to operate.
Findings from the TCRP project show that several transport authorities are
actively working with micro-mobility operators. In Minneapolis, pilot testing
is underway to provide mobility hubs at metro stations (such as micromobility parking and bike recharge stations).
Drivers for success for Pilot projects:
The several roles for shared modes in urban, suburban, and rural regions are
discussed by Kortum (2021) [71]. In terms of how shared mobility may serve
travel across multiple regional geographic scales in connection to public
transportation, there appear to be four distinct but related models to consider:
•
•

Paratransport through ride-hailing and micro-transport, allowing
demand-responsive transport (DRT) bookings to be made in as
short as 15 minutes.
First/Last Mile Service that extends transport service beyond the
normal quarter- to half-mile walking distance to fixed-route
transport (e.g., through the connection offered by ride-hailing,
micro-mobility, and micro-transport both (1) along the established
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•
•

feeder and heavily-traveled transport lines, and (2) beyond fixedroute transport service into regions too weakly inhabited to sustain
fixed-route transport);
Off-Peak Services in replacement of fixed-route service for lowincome customers,
It is possible that low-density services such as micro-transport and
ride-hail providers can completely replace fixed-route transport
services in some scenarios.

To summarize, the inflow of shared e-bikes, e-scooters, and e-mopeds can
disrupt urban traffic flows (e.g., high-speed driving) and urban space
utilization (e.g., parking on sidewalks), causing conflicts amongst road users.
These tensions have arisen because projects have been implemented too
quickly by the private sector and not necessarily per government goals. As a
result, effective collaboration between cities and the private sector is
becoming increasingly crucial to maximize new innovative mobility
options. In this regard, PPP frameworks are an essential tool for attracting
investments; however, following Polis (2021b) [72], this mechanism still
encounters several challenges, including:
•
•
•
•

Having a clear sidewalk is critical to building better connections
with those who rely on shared micro-mobility. Although numerous
parking pilots are now being tested, it remains a significant issue;
Cities are clamouring for more information. No study has been
done on the best methods for integrating mobility into the
transportation environment;
Technical difficulties. Cities have reported complications in
developing technical solutions for regulating operators, especially in
the area of parking;
Hybrid systems. Because people want flexibility, a combination of
free-floating and docked services is the best approach to provide
micro-mobility services. However, it requires better parking and user
education.

After analysing the benefits and challenges of PPPs models, it is concluded
that collaboration between cities and the private sector is becoming
increasingly essential to capitalize on the prospects of new and innovative
transportation options. Following (Stournaras, 2019), the interconnectedness
of economies and value chains makes collaboration with the private sector
and institutions essential for increased capacity and change. It can also provide
new technology, management, and organizational skills and increased
capabilities [73]. Finally, to conclude with the section, some final remarks are
presented below based on the outcomes of the POLIS’ Working Group
Governance & Integration [68]:
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•
•

•
•

•

New governance models are required when new mobility services
arise, and old models must be reviewed to guarantee their long-term
feasibility;
The private sector also influences individual mobility
behaviour. Long-term goals and company policies that promote and
reward more environmentally friendly transportation choices are two
ways companies may lead the transition;
Reacting to regulatory reforms: As mobility regulations (such as data
sharing) vary, agreements must be reviewed and modified.
As new services developed, COVID-19 witnessed new
partnerships. Some changes will last, others may fade, but they have
shown the need for more flexible public space usage, collaborations,
and governing agendas.
SDGS. (Stournaras, 2019) argues that PPPs can help achieve the
UN's Sustainable Development Goals. Goal 17 of the 2030 Agenda
for Sustainable Development asks for "effective public, publicprivate, and civil society partnerships" to improve the mechanisms
of achieving the Sustainable Development Goals [73].

Loans, grants and loan guarantees
According to the European Investment Bank, investing in transportation will
have to adapt and evolve to keep pace with the industry's growth and our
growing awareness of and need for accessible, efficient, clean, and safe
transportation options [58].
The majority of mobility service providers struggle to make profits due to
intense competition for market share, the maturity of the services and
technologies that underpin them, and the obstacles while accessing adequate
financial instruments.
Traditional financial methods such as loans, grants, and loan guarantees are
commonly used to attract private involvement in large-scale rail or metro
projects that would otherwise be entirely owned and managed by public
entities. Infrastructure banks or funds can serve as a bridge to disburse loans
and guarantees in the meantime [60].
Fi-compass, an advisory services platform on financial instruments under the
European Structural and Investment Funds (ESIF), defines loans as a
commitment in which the lender agrees to make a specific amount of money
accessible to the borrower. This amount of money is intended for a specific
length of time, and the borrower agrees to return that amount within that time
frame. On the other hand, a guarantee is defined as a formal agreement to
assume whole or partial responsibility for a third party's debt or obligation, or
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for that third party's effective execution of its duties, if an event, such as a loan
default, happens that triggers such guarantee [74]. According to (European
Commission, n.d.), to assist small firms in obtaining loans from banks,
guarantees (issued by governmental, private, or mutual guarantee
organizations) can compensate for the lack of collateral or creditworthiness
by mitigating the bank's risk [75]. Lastly, according to the literature, grants are
donations from one entity (usually a business, foundation, or government) to
another organization (usually the grant recipient).
The European Investment Bank (2018) outlines in its research the suitability
of public loans and subsidies for creating various 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. Several startups, including MaaS Global,
Citymapper, and UbiGo, are investigating digital multimodal systems that
assist users in planning and partially booking journeys by linking several means
of transportation. They charge a commission or a mobility package cost for
such services. Service providers are also considering improving their offerings
by using the user data they gather and analyse [58].
In line with the previous research, grants and public loans are critical in
enabling the business to take off and supporting R&D and development
across all models. Sixty-six percent 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.
Public debt instruments such as intermediated loans, direct loans, and
project finance become more significant throughout the profit phase when
business models are established, and firms produce regular, positive
operational cash flows.
Seed-stage businesses are usually supported by public subsidies and
guarantees from the European Commission or state programs, seed money
and angel investments. Innovative transportation firms are searching for
public funds at the European (e.g., Horizon 2020), Member State, and regional
levels; however, specific grant programs aren't well-suited to the business
profiles of service-oriented businesses. Furthermore, several accelerators get
government financing and assist startups at the early stage.
As depicted below, Figure 8.3 illustrates the different financial instruments
used in the various business phases.
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Figure 8.3. Available public instruments in the EU-28. European Investment Bank,
2018.
Therefore, organisations will need to assess their existing operations,
practices, and functional abilities and identify new talents and resources
required to compete effectively in the future mobility ecosystem [76].
Green bonds
A green bond is a debt instrument that may promote awareness for and
finance climate change mitigation and adaptation initiatives. The proceeds
from the bond are distributed to projects that provide environmental benefits
based on predefined criteria [77], such as renewables, water and energy
efficiency, bioenergy, and low carbon transports [78]. According to KPMG
(2018), while banks issue most green bonds, companies are increasingly
issuing their bonds [79]. Among those who have done so are notable brands
in the technology, utility, automobile, and consumer products industries.
Green bonds can also be used as a financial instrument by a banking
institution to raise long-term financing. Any entity that has never issued a
bond but has a reasonable prospect of being creditworthy may issue a green
bond [80].
This financial instrument can attract institutional investors such as pension
funds and insurance companies by tapping into the debt capital markets,
which, according to Ang and Marchal (2013), are currently underutilized for
green infrastructure investment [60]. Bonds continue to be the most popular
asset type in pension funds (50%) and insurance firms' (61%) portfolios
throughout OECD nations [77].
In 2007, the European Investment Bank (EIB) was the first multilateral
development organization to issue a USD 1 billion climate-awareness bond.
The World Bank issued a second green bond a year later to support climate
mitigation and adaptation initiatives in its operating nations. Municipalities,
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commercial banks, and some of the world's top corporations have since
followed (Banga, 2019). The World Bank (2021) estimates that today, the
green bond issuance has grown to $260 billion, with 20% of profits going to
the transportation industry.
As previously mentioned, while banks issue most green bonds, progressively
more and more green bonds are issued by corporations and cities or
municipalities, and to showcase it, some examples will be shown below.
LeasePlan, a worldwide fleet management firm, has created the March 2020
Green Finance Framework, which allows issuing Green Bonds to finance
and/or refinance 'Eligible Projects' that fall within the "Eligible Category" of
Clean Transportation. Eligible Projects are characterized as those involving
battery electric vehicles (BEVs), including micro-mobility vehicles [82].
An example of a region issuing green bonds is the case of the Community of
Madrid. In 2020, the Community of Madrid ranked first in Spain for
sustainable bond issuance, having issued 1,250 million euros over a ten-year
period [83]. As a result, and as stated in the 2020 Inaugural Green Bond &
Environmental Impact Report, the 700 million euros raised through the
issuance of green bonds in 2020 facilitated the implementation (among others)
of clean transportation measures, including the production and use of electric
vehicles and charging stations, as well as the use of public transportation and
bicycles.
According to Global Infrastructure Outlook, the transportation industry
would need $50 trillion in investment by 2040, with a $10 trillion investment
shortage. And to fill this gap, different funding methods can be employed.
Green bonds, for example, are becoming essential even if conventional
financing sources, government borrowing, and taxation are leveraged. The
good news is that investors are interested in "sustainable investment," and the
potential in the transportation industry remains untapped [77].
Following KPMG (2018), issuers and investors can minimize risks that might
otherwise detract from the green bond's financial attractiveness by
guaranteeing that their green bond is adequately structured, and that sufficient
due diligence is in place. The following are some of the most common
challenges in the green bond market [79]:
•

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 obtain funding;
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•

The requirement to understand how bond revenues are used. Green
bond investors are growing more demanding, and they increasingly
require independent verification that bond proceeds have been
adequately controlled and administered;
'Greenwashing'. Bond issuers incur reputational risks if the expected
environmental advantages are not accomplished. If the issuer
violates agreed-upon green clauses, investors may demand penalties;
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.

•

•

8.5

CONCLUSION

Different financial instruments and mechanisms have previously been
discussed in earlier sections and their associated benefits and drawbacks.
Nonetheless, to increase private investment in sustainable urban mobility,
some steps may be taken:
1. Increase the number of investors. Consider institutional investors,
such as pension funds and insurance firms, in addition to banks,
which have limited capacity to offer long-term financing. Climate
investors can also bring additional financing sources.
2. Create holistic investment strategies instead of focusing on
individual initiatives. To attract more considerable interest from the
private sector is more strategic to launch a program considering its
scalability instead of developing one single project [84].
Finally, some final remarks to accelerate the access to finance in the urban
mobility scene are depicted below:
1.
2.
3.
4.
5.

In terms of financial instruments, guarantees and credit
enhancements may minimize financial and political risks that might
otherwise dissuade the private sector [85];
Public-private partnerships can facilitate the exchange of
knowledge, resources, and risks.
Competitive advantage and value proposition to attract strategic
investment;
Innovation and willingness to challenge industry norms to enable
the future of mobility;
Apply new business models and technologies to promote sector
transformation.
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Nevertheless, the access to finance may be affected by external factors like a
poor financial infrastructure or structural and legal problems that have
restricted the expansion of nonbank financial institutions, instruments, and
markets. However, these factors are outside the scope of this book.
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