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ABBREVIATIONS

BEV

battery electric vehicle

°С

degrees of Celsius

СО2

carbon dioxide

HFC

hydrogen fuel cell

EU

European Union

g

gram

GHG

greenhouse gas

Gt

gigaton; 1 Gt = 1,000,000,000 t

ICE

internal combustion engine

IPCC

International Panel on Climate Change

kg

kilogram

LCS

low carbon sources

MWh

megawatt-hour, 1 MWh = 1000 kWh

t

ton

TWh

terawatt-hour, 1 TWh = 1,000,000,000 kWh
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1

INTRODUCTION

Climate change is a global problem
One of the extremely urgent problems facing
humanity today is global climate change [1].
Its cause is greenhouse gas (GHG) emissions
(see [2]) as a result of human activity.
In 2015, the Paris Agreement on Climate [3]
was reached, involving almost all countries
of the world, including Russia. In accordance
with this Agreement, the signatory countries
commit themselves to prevent global warming
by more than 2 °C and to make efforts to ensure that the warming does not exceed 1.5 °C.

Contribution of transport sector to
greenhouse gas emissions
The diagram in Fig. 1 shows [4] what are the
contributions of economic sectors to global
greenhouse gas emissions.
This chart shows that all transportation
modes together account for more than 16 %
of all greenhouse gas emissions in the world.
Of these transport emissions, the largest share
is from cars (11.9 %). They are followed by aviation (1.9 %), water transport (1.7 %), railways
(0.4 %) and pipelines (0.3 %).
Greenhouse gas emissions from transport are
growing steadily in almost all countries, and
much faster than emissions in other sectors of
the economy. By 2040, the number of cars in
the world is expected to double. Therefore, decarbonising transportation is especially urgent.

When should transport
become zero-carbon?
Already in 2014, the International Panel on
Climate Change (IPCC) published a report [5],
which contains the results of calculations
for the permissible levels of greenhouse
gas emissions to meet the conditions of the
Paris Agreement. The report states that, for
global warming to remain below 2 °C, the
cumulative CO2 (carbon dioxide) emissions
from all anthropogenic sources since 2011
must not exceed 1000 Gt (gigatons). This
means that, at current annual emissions
(about 40 Gt CO2), fossil fuel combustion
should be phased out by 2037. If greenhouse gas emissions decline very quickly
(halving every ten years), then they should
be completely stopped between 2050 and
2060. Moreover, the efforts during the last
ten years shall be concentrated on those
difficult-to-decarbonise sectors, where it is
not even quite clear now how to do this (industrial and agricultural GHG emissions).
Therefore, transport, with known methods of
decarbonising, must become emission-free
no later than 2050. It is important to underline that this should be a real decarbonisation, not the use of offsets through emissions
trading or the implementation of any projects
in developing countries.
What does this mean? The average time
period of a car use in Western Europe is
11 years, and in some countries it exceeds
15 years [6]. Therefore, in order to ensure
zero GHG emissions from passenger cars
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Fig. 1

by 2050, it is necessary to completely ban
the production of new cars with internal combustion engines (including plug-in hybrids)
no later than 2035, and from 2050 to ban the
use of fossil fuels in transport. Thus, over the
next 15 years, the entire automotive industry in the world must be completely rebuilt
to produce electric vehicles or other vehicles
with a zero carbon footprint. This is a very
ambitious goal. Compare: the International
Energy Agency predicts that in 2040 there
will be only 300 million electric vehicles in
the world [7], while the total number of cars
in the world exceeded 1 billion already in
2010 [8], in 2014 it reached 1.2 billion, and
in 2035 it will be 2 billion [9].

airports, garages, depots, hangars and other
elements of transport infrastructure.
Greenhouse gas emissions from the production of vehicles and from the construction of
roads, runways, ports and all buildings and
structures used by transport are also very high.
They also need to be taken into account. For
example, GHG emissions from car production
is comparable (about 60 %) to the car emissions over its entire life cycle [10].
Finally, it is necessary to take into account the
greenhouse gas emissions during the final disposal of both vehicles and elements of transport
infrastructure. In general, one needs to consider the entire life cycle of transport objects.

All elements of the transport
infrastructure and their entire life cycle
shall be taken unto account

Prioritisation of actions to reduce
greenhouse gas transport emissions

Greenhouse gas emissions from transport are
caused by the fact that transport consumes
huge amounts of energy in the form of fossil fuels. However, it is necessary to take into
account not only the energy consumption in
vehicles, but also at railway stations, ports,

There is a general principle, order of priorities
for actions in solving any problem of reducing
the negative impact of any phenomenon (see,
for example, [11]). This order is summarised in
three words: avoid, reduce, improve. As applied
to transport, this priority hierarchy is as follows:
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•

avoid unnecessary travel and transportation (prefer to walk or cycle whenever possible, buy local products, avoid unnecessary long journeys, etc.), see section 2 of
this brochure;

•

reduce the number and length of trips, volumes and distances of cargo transportation,
reduce greenhouse gas emissions and the
negative impact of transport on the environment and society by switching to the most
efficient modes of transport, see section 3;

•

improve the characteristics of vehicles
(switch to vehicles using renewable energy sources and abandon fossil fuels), see
section 4.

An important role in the transition from fossil
fuels should be played by the conversion of
most of the transport to electric power. Conventional electric vehicles are described in
section 5, and battery electric vehicles are described in section 6.
Section 7 of the brochure discusses the use of
hydrogen as a fuel in cases where the conversion
of vehicles to electricity is not possible, and section 8 — transport on synthetic fuels. In the same
cases, biofuels can be used. The problems associated with biofuels are described in section 9.
Sections 10 and 11 discuss the environmental
and social challenges posed by transport that
will remain after its complete decarbonising.
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2

AVOIDING UNNECESSARY
TRAVEL AND TRANSPORTATION

In everyday life, people make many trips that
could have been avoided. It is not at all necessary to go by car to the store, which is within
walking distance. And if there are no grocery
stores and other often needed facilities within
walking distance, this indicates an incorrect
planning of the settlement. Walking is good for
the health. The obesity problem of the US nation is associated with the habit of using cars,
even at short distances.
Many car trips could be avoided by using bicycles. This is one of the very effective solutions
to environmental and transport problems.
A bicycle does not emit greenhouse gases, requires significantly less space on the road, and
is good for the health. In Denmark, Finland, the
Netherlands and many other European countries, a huge proportion of travel is made by bicycles. In many Asian countries, the bicycle is
the main means of transportation. For convenient and safe cycling, appropriate cycling infrastructure must be created: bike paths, bike
parking lots, road signs and markings, traffic
lights, etc.
Along with bicycles, scooters and other means
of so-called active mobility (roller skates,
skateboards, etc.) are also used in many countries. These modes of transportation are popular with young people and can also contribute
to reducing motorised travel.
Everyone can also contribute in preventing
some of the excessive, unnecessary cargo
transportation. Usually, shops offer a wide
selection of both local products and those
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brought from afar. It is not at all necessary
to buy butter from New Zealand if the butter
coming from nearby is also offered. It is environmentally unfriendly to buy wines from
Australia or America, foreign bottled drinking water, beer produced thousands of kilometers away.
Sometimes such environmentally harmful
purchases are forced. A buyer cannot always
figure out that she or he is buying European
electronics with European components, but
assembled in Asia and moved twice halfway
across the world. A buyer in Germany feels
environmentally friendly when buying potatoes from Poland, but these potatoes may
have been washed and packed in Morocco.
The reason for such unnecessary transportation is in their undervalued price, as well as low
wages in the third world countries. The reason
for the undervalued price is hidden subsidies
for fossil fuels. According to the International
Energy Agency, they amount to more than US
$ 500 billion annually.
Excessive travel and transportation can be intracity as well. They are caused by improper
urban planning (functional segregation). Examples of functional segregation are the absence
or lack of elements of social infrastructure in
the neighborhood (cinemas, bookstores, etc.),
location of retail outlets and elements of social infrastructure away from public transport
stops, and location of large retail outlets outside the city.

Even distribution of jobs in the city, location of
jobs within walking distance, creation of jobs
with the ability to work from home creates additional opportunities to reduce the amount
of trips.
Each person can, by her or his personal choice,
decisions, and lifestyle, contribute to prevention of unnecessary travel and transportation: preferring to walk, use a bicycle and
other means of transportation without engines
(scooters, etc.), buying local products whenever possible, shopping in stores within the walking distance.
More frequent walking and active mobility (bicycle, scooter, skateboard, etc.) are part of the

Patrik Seger, dpa

so-called modal shift, which is described in
more detail in the next section.
A particular advantage of this approach is that
there is no need to wait decades until the energy system is completely switched to renewable
energy sources, and all vehicles are replaced
by those that can use renewables. One can
take advantage of this approach immediately.

https://commons.wikimedia.org/wiki/File:Cyclists_at_red_2.jpg
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3

MODAL SHIFT

Different transportation modes
have different levels of greenhouse
gas emissions
Different transportation modes correspond to
different levels of greenhouse gas emissions.
In order to compare transportation modes by
this characteristic, it is necessary to compare
how much CO2 emissions are produced when
one passenger or one ton of cargo travels by
one kilometer.
In Fig. 2, the diagram shows how many grams
of carbon dioxide are emitted when one passenger travels by 1 km using various transportation modes. Vehicles are usually very heavy,
their mass is much greater than the mass of
all passengers they carry. Therefore, the more
passengers a vehicle carries, the more efficiently the vehicle is used and the less greenhouse gases per passenger are emitted. The
diagram shows the values of GHG emissions
from public transport at the average occupancy factor (as a percentage of the maximum for
which the respective vehicles are designed).

modes. One can also see that, with the average occupancy (1.6 persons), a car emits even
more GHGs than an aircraft, and if a driver
travels alone in a car, the GHG emissions are
almost twice as large as from an aircraft. Note
that this diagram does not show the transportation modes that have no GHG emissions at
all: walking, biking, and using other vehicles
like scooters. One should also bear in mind
small motorised vehicles consuming very little
energy and, therefore, associated with very low
GHG emissions. These are electric bicycles,
electric scooters, segways, gyro scooters, etc.
The diagram also shows the importance of
carpooling (ride sharing). This is the sharing of
a car using online travel companion services.
A shared car ride provides much lower energy
consumption and emissions per passenger.
Carpooling should be distinguished from car
sharing, a car rental system. Renting does not
guarantee at all that the driver will not use the
car alone.

Modal shift
As for passenger cars, their use is the least efficient. When a person travels in a car alone,
most of the energy is spent for moving the car
and only about 5 % of the energy is spent for
transporting the person. The diagram shows
the emission values for the cases when there
are 1, 2, 3 persons in a car, and for the average
car occupancy (1.6 persons).

To solve the problem of climate change, the
transportation modes with the lowest energy
consumption and greenhouse gas emissions
should be used and developed in the first
place. The change in the ratio of the number
of trips made using different transportation
modes is called the modal shift [12].

This diagram shows a clear advantage of water and rail transport over other transportation

One might think that when all transport is
decarbonised, it won’t matter which trans-
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portation mode to use. This is not true. The
fact is that greenhouse gas emissions from
vehicles directly reflect the amount of energy
they consume. In the future, decarbonised
transport will require a huge amount of renewable energy. Without the use of the most
energy efficient modes of transport, the task
of decarbonising transport becomes almost
impossible.
Using a car instead of public transport, a person consumes more energy for transport every
day (and, accordingly, emits more GHG) than
she or he needs at home for all other needs
(heating, hot water, cooking, and electrical appliances).
The advantage of the modal shift is that its
implementation is technologically simpler
and economically cheaper than the transfer
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of the entire energy system to renewables
and all transport to vehicles that can use renewable energy sources. Moreover, it can and
should be carried out right now, even before
all transport switches to climate-friendly
technologies.
The mobility types can be arranged in the following order according to their climate friendliness:
• walking;
• small individual non-motorised vehicles
(bicycle, scooter, skateboard, etc.);
• small individual motorised vehicles (electric bike, electric scooter, segway, gyro
scooter, etc.);
• water transport;
• rail transport;
• trolleybuses;
• buses;
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•
•
•

cars with several persons;
planes;
passenger cars with a driver only.

A diagram similar to that shown in Fig. 2 can
be built for freight transport as well. In terms
of climate friendliness, the types of freight
transport will be arranged in the following
order:
• sea and river transport;
• railway;
• cars;
• aviation.

Experience of the Nordic countries
Nordic countries pay great attention to improving the quality of life. This includes the accessibility and comfort of public transport, the
safety and convenience of walking and cycling,
and low levels of air pollution [13].

In Copenhagen [14], 6 % of travel is done
on foot, 41 % — by bicycle, 27 % — by public transport, and 26 % — by private cars. In
Stockholm [15], 15 % of travel is done on foot,
7 % — by bicycle, 32 % — by public transport,
and 46 % — by private cars. In Helsinki [16],
21 % of travel is done on foot, 8 % — by bicycle,
30 % — by public transport, and 39 % — by private cars. In Oslo [17], 29 % of travel is done
on foot, 6 % — by bicycle, 30 % — by public
transport, and 35 % — by private cars.
In large cities of Northern Europe, the collection of fees for entering the city center
(congestion charges) has been successfully
applied. This scheme works in Stockholm
and Gothenburg [18], Oslo, Bergen and
Trondheim [19] and several other cities in
Norway. This measure reduced the number
of cars in city centers, improved air quality
and traffic congestion. Finland is considering
the possibility of introducing such measures

China
Russia
Japan
Germany
Denmark
Finland
Sweden
Norway
Iceland
USA
0

Fig. 3
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in the cities of the country [20]. Copenhagen
chose a different way [21]. It paid special attention to development of cycling infrastructure. The convenience and safety of cycling,
together with the correct information to the
public, has made cycling more attractive
than driving.
In all the Nordic countries, more than 80 %
of all ground trips are made by car, as in most
Western European countries [22]. In this respect, they cannot serve as a good example.
However, there is a possibility to decarbonise
transport in Northern Europe in the next 10–
15 years [23].

Transport emissions in various countries
Different countries use different approaches
to their transport systems. This is very strongly
reflected in how much CO2 is emitted into the

atmosphere by transport in these countries
per capita annually and how big is the share
of the transport emissions in the total greenhouse gas emissions. Fig. 3 shows these data
for 2016 for the Nordic countries, Russia, the
USA and Japan [24].
Transport systems, of course, depend on
the standard of living and on the density of the
population. However, the differences in approaches to their organisation are also very
significant. Fig. 4 shows that transport emissions differ even in cities comparable in terms
of living standards [25].
This chart shows emissions in kilograms of
CO2 per person per year. Dark blue represents emissions from private transport, and
light blue represents emissions from public
transport. One can see that the least efficient
transportation system is in the United States.
As in the whole country, in American cities CO2

Chinese cities
Private transport emissions

Low income Asian cities

Public transport emissions

African cities
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High income Asian cities
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Fig. 4
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emissions per capita are significantly higher
than those of cities in all other countries. This
is closely related, in particular, to the lack of
the habit of walking, cycling, as well as to poorly developed public transport.

•
•
•
•

Helpful tips for those looking
to reduce their transport carbon
footprint:

•
•
•

Walk, do not use transport if possible.
Use a bicycle if possible.
Use public transport, rather than a car,
whenever possible.

Oliver H., https://clck.ru/U8ohi
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•

If you need to use a car, avoid using the car
alone. Plan joint trips with neighbors, colleagues.
Take long journeys by train, not by plane.
Prefer water transport over train and train
over bus.
Buy local products. If the locally sourced products you need are not available, buy products from the manufacturers that are closest.
Shop at stores within the walking distance.

To conclude this section, the reader is invited
to find seven environmentally friendly transportation modes in the photo below. The answer is on the last page of the brochure.

4

WAYS TO DECARBONISE
TRANSPORT

Decarbonising transport is a very important goal. Transport consumes about a quarter of the world’s primary energy [26]. More
than 60 % of the world’s oil is spent on transport [27]. Greenhouse gas emissions from
transport account for more than 16 % of all
GHG emissions in the world [4]. Transport is
a rapidly developing sector of the economy.
Even in those countries and regions where the
reduction of greenhouse gas emissions is more
or less successful, transport remains a source
of growing emissions, for example, in the European Union ([28], Fig. 2). By 2050, the volume
of passenger traffic in the world is predicted
to more than double, from 50 to 120 billion
passenger-kilometers compared to 2015, and
freight traffic is predicted to grow almost by
3 times, from 112,000 to 329,000 billion tonkilometers [29].
Greenhouse gas emissions from transport
are associated with the use of fossil fuels as
a source of energy. About 100 million barrels
of oil per day are used for transport [30]. To
transport such a quantity of oil, one would require a train with a length of about 4,000 km,
almost the distance from Moscow to Irkutsk.
In transportation, it is difficult to avoid fossil fuels because vehicles are moving objects
that consume huge amounts of energy. They
must carry the entire amount of energy they
need to move on themselves. The only way
to continuously deliver energy to them is the
aerial contact system. Unfortunately, the contact system limits the possibilities to use such
vehicles.

Is mobility without emissions possible at all?
The answer is definitely yes. No man-made
greenhouse gas emissions occur when walking, cycling and other vehicles driven by human muscle power. Motorised vehicles can
also be carbon-zero in the case if only energy
from carbon-free renewable sources is used to
move them, produce them, and dispose them.
There are several fundamentally different
technologies for transferring transport to renewable energy sources. They differ significantly in their energy efficiency. Energy losses
lead to significant additional financial costs.
Most important, decarbonising the economy
will require such huge volumes of renewable
energy that energy losses could make this task
impossible by 2050. Therefore, first of all, it
is necessary to develop and use the types of
vehicles with the least energy losses. Energy
efficiency is a major factor to consider when
choosing a GHG-free vehicle technology.
The first way to switch transport to renewables
is to produce electricity by renewables and use
it in electric modes of transport. This “renewable” electricity can be transferred to vehicles
by the contact network or charge batteries that
are transported by the vehicle.
Secondly, such “renewable” electricity can be
used to decompose water by electrolysis into
hydrogen and oxygen. In principle, the hydrogen obtained in this way can be used as
fuel in internal combustion engines. But internal combustion engines have low efficiency.
A much more energy efficient way is to use
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In one day, transport uses
about 100 million barrels of oil
(a train with a length of about 4,000 km)

hydrogen in fuel cells to generate electricity
and feed electric motors.
One can use electricity from renewable energy
sources to produce synthetic hydrocarbon fuels
from atmospheric carbon dioxide and water.
Chemical fuels for transport can be gaseous or
liquid. Accordingly, the processes of their production are conventionally called “energy-togas” (production of hydrogen or synthetic gas)
and “energy-to-liquid” (production of liquid
synthetic fuel). Liquid fuels are easier to handle
than gases and require fewer precautions.
Since electricity must be used to produce
climate-neutral hydrogen or synthetic fuels,
these fuels are called electric fuels. If their
production has a zero carbon footprint (does
not use fossil raw materials or energy), then
these fuels are climate neutral and are called
“green” to distinguish them from fuels that
have a non-zero carbon footprint.
Finally, the so-called energy crops or algae
can be grown and used to produce biofuels.
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Unfortunately, most of the currently existing technologies of this kind have a very high
carbon footprint and can only be considered
as options for decarbonising transport in a
very limited number of cases. Biodegradable
waste can be also used to produce biofuels.
These issues are discussed in more detail in
Section 9.
There are other climate-neutral methods for
storing energy on a vehicle, for example, using liquid nitrogen or compressed air, but they
fundamentally cannot provide the practically
necessary energy storage.
The transport of the future will require huge
amounts of electricity to power electrified
transport and e-vehicles, as well as to produce electric fuels. If some kind of a magician were to turn the entire transport of
Russia into one that uses only electricity or
electric fuel, this transport would require
more than 500 TWh per year of additional
electricity. This is half of all current electricity production in Russia.

Similar estimates are obtained for other industrialized countries. For example, just to meet
the expected European Union (EU) aviation
fuel demand in 2050, 28 % of all electricity
generated in the EU in 2017 will be required,
or 95 % of electricity currently generated using
renewable energy.
Table 1 schematically presents different ways
of transport decarbonisation and corresponding values of energy efficiency in the “sourcewheel” chain. These values show (in percents)
what part of the energy produced by renewable energy sources reaches “the wheel” (or
“the propeller” — in the case of water and air
transport) through the chain of energy conversion and transportation processes, taking
into account losses at all intermediate processes [32].

As one can see from Table 1, the most efficient way to deliver energy to a vehicle has
been well known and successfully used for
over a century. This is an ordinary, traditional
electrified transport with a contact network
(tram, trolleybus, metro, electric train). As will
be described in sections 10 and 11 below,
conventional electric transport is not only the
most energy efficient, but also the most environmentally and socially friendly. It should
receive absolute priority in funding, development and use.
Table 1 does not take into account what happens to the energy “after the wheel”. However,
this is also important: the rolling friction of
a steel wheel against a rail is 3–7 times less
than that of a rubber protector against asphalt.
Therefore, electric rail transport is the absolute

Table 1

Type of transport

Traditional
electrified transport

Battery electric
vehicles

Energy source
Technology
to produce energy
carrier
Energy carrier

Hydrogen
transport

Transport using “green”
synthetic fuel

Renewable energy sources
Chemical synthesis from
atmospheric CO2 and water

Renewables

Water
electrolysis

Electricity from renewables

“Green”
hydrogen

“Green”
synthetic
gas

“Green”
liquid
synthetic fuel

Gas filling
stations

Ordinary
filling
stations

Way of refueling/
recharging

The energy is supplied through the
contact network

Charging stations

Hydrogen
fueling
stations

Way of energy
storage on
a vehicle

No storage,
the energy is supplied through the
contact network

Batteries

Special tank
for hydrogen

Vehicle type

Ordinary electrified Electric vehicles
(e-bikes, e-cars,
Vehicles with
transport (tram,
trolleybus, metro, e-buses, e-trucks, hydrogen fuel
electrified railway
and short-haul
cells
etc.)
e-ships and planes)

Ordinary vehicles with
internal combustion
engines

Engine type

Electric motor

Internal combustion engine

“Source – wheel”
energy conversion
efficiency

70–85 %

45–70 %

10–30 %

Tank for
Ordinary tank
liquefied gas for liquid fuel

10–25 %

7–17 %
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winner in terms of energy efficiency among all
types of on-ground transport.
It should be noted that all these values are not
enough to judge the final efficiency of a particular transportation mode. The purpose of
mobility is to transport passengers or goods,
not to move vehicles. Therefore, it is also important to take into account which part of the
energy that has reached the wheel is used to
transport passengers or goods, and which
part is used to move the vehicle itself. For example, if one person weighing 80 kg rides in a
car weighing 1.5 tons, then only 5 % of the energy that reached “the wheel” is spent for his
transportation, and the remaining 95 % — for
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moving the car. Taking this into account, the
final efficiency of an e-car is within the range
2.3–3.5 %. If four people are traveling in the
same car, then 20 % of the energy that reached
“the wheel” is spent for people’s mobility.
Summing up this section, all modes of the
future on-ground transport can be ranked
according to their energy efficiency in the following order of priority:
• rail electric transport;
• trolleybus;
• battery electric vehicles;
• vehicles with hydrogen fuel cells;
• vehicles with internal combustion engines
running on “green” synthetic fuels.

5

GOOD OLD ELECTRIFIED
TRANSPORT

In the previous section, it was shown that the
best option from the viewpoint of minimising
energy losses is electrified transport with a
contact network. Such transport appeared at
about the same time as a car with an internal
combustion engine (ICE). The world’s first car
with an ICE was put into mass production in
1886. Prior to this, already in 1881, the first
commercial tram line was opened in the Lichterfelde suburb of Berlin [33].
The first regular trolleybus line started its
operation in the Galensee suburb of Berlin in
1882 [34]. At the same time, electric railways
started to appear, and in 1890 the transfer to

electric traction of the London Underground
began.

Advantages of electric vehicles with
a contact network
If the traditional electrified transport is used
for transport decarbonisation, nothing in the
transport system needs to be rebuilt. It is
enough to ensure the supply of electricity exclusively from renewable energy sources.
The use of electric vehicles with a contact network is the most energy efficient solution to the
problem of making transport climate neutral.

The world’s first electric tram in the Lichterfelde suburb of Berlin, 1881
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This transport uses the simplest and most efficient way to deliver energy from renewable
sources to a vehicle, an electrical contact network. In this case, the energy from the source undergoes a minimum number of transformations.
Energy losses in this technology consist mainly
of losses during transmission of energy through
the network and losses in the electric motor. The
efficiency of energy transfer along the “source –
wheel” chain can be estimated as 70–85 %.
Rail transport is the second most energy efficient among all modes of transport due to the
low coefficient of friction of metal wheels on
rails. In this respect, it is only surpassed by
water transport.
Conventional public electric transport is the
most effective solution to the problem of mass
transportation. It is not only the most energy
efficient, but also the most environmentally
and socially friendly.

Drawbacks of electric vehicles
with a contact network
Unfortunately, the “attachment” to the overhead network, and (in the case of trams, metro
and railways) to the railroad limits the use of
traditional electric transport. These modes of
transport are applicable only along predetermined routes.
Creation of the appropriate infrastructure is
economically justified only if the passenger
traffic or cargo turnover along certain routes is
large enough.
In most developed countries, revival of the
traditional electric transport is observed: construction of new tram, trolleybus, and metro
lines. However, in cases when such system is
not applicable, other zero-carbon transport
solutions are needed. Battery electric vehicles
are discussed in the next section.

The world’s first trolleybus in the Galensee suburb of Berlin, 1882
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BATTERY ELECTRIC VEHICLES

The battery electric car appeared earlier than
the car with the internal combustion engine.
Back in 1828, Hungarian inventor Anjos Jedlik made a trolley powered by electric energy.
The first electric bike was patented in 1895.
Vehicles with batteries on board are not limited in their movement by a contact network. It
would seem that this is the best solution to the
climate problem: electric cars, electric buses,
electric trucks, electric bicycles, electric ships
and electric planes.
Electric bike of 1932

However, the energy capacity of batteries per
unit mass is approximately 120 times less than
that of chemical fuels. Even taking into account the fact that the efficiency of an internal
combustion engine is approximately 4 times
lower than the efficiency of an electric motor,
the power reserve per kilogram of battery for
an electric car is approximately 30 times less
than that of a car with an ICE per kilogram of
fuel. It is no coincidence that electric cars, being invented first, nevertheless gave way to ICE
cars for more than 150 years. During this time,
the electric car was mainly represented only
by electric forklift trucks and electrified wheelchairs, that is, the options that do not require
a large range and have a possibility of periodic
long-term charging. The need to ditch fossil fuels has given the electric car a second chance.
Energy losses in battery electric transport are
made up of losses during the production of
electricity and its transmission through networks, losses in electric motors of vehicles,
losses during conversion of alternating current
into direct current and vice versa, and losses

during charging and discharging of batteries.
Even without taking into account the losses
due to the transportation of heavy batteries,
only 45–70 % of the energy generated by renewable energy sources reaches “the wheel”
of the battery electric vehicle.
As can be seen from Table 1, battery electric
vehicles (BEVs) follow the electrified transport
with a contact network in terms of energy efficiency. They shall be used in cases where conventional electrified transport is inapplicable.
If there is a possibility of frequent charging, evehicles can be dispensed of big batteries. This
improves the vehicle’s energy efficiency while
reducing wasted weight. For example, electric
buses in Geneva are are recharged (almost)
at every stop (see photo below).
The mass of the required batteries is so big
that it is fundamentally impossible to transfer
long-range water and air transport to batteries:
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greenhouse gas emissions, since fossil fuel
power plants must be used for charging the
vehicles. Moreover, if the basis of electricity
generation in a particular country is coal-fired
power plants, the use of BEVs causes an increase in greenhouse gas emissions [35]. This
is analysed in more detail below.

BFE-Magazin energeiaplus

E-bus in Geneva is recharged at stops

there is no way to charge batteries either in the
ocean or in the air. Long distance buses and
trucks also make a problem for batteries due
to long charging times. The solution for these
cases is hydrogen transport or synthetic fuels
(see sections 7 and 8 of this brochure).

Advantages of battery electric vehicles
The main advantage of battery electric vehicles
charged from low-carbon energy sources is
that they do not lead to an increase in the content of greenhouse gases in the atmosphere.
Since most vehicles cannot be connected to a
catenary, BEVs are expected to make a major
contribution to solving the climate problem.
Another advantage of the battery electric vehicles is that they have no exhaust and do not emit
harmful substances. If the BEVs are charged using fossil fuel sources, then emissions of both
harmful substances and greenhouse gases still
occur. However, in many cases, fossil fuel power
plants are located outside cities. In such cases,
urban air pollution is reduced.
An additional advantage is that the electric
motor is quieter than the combustion engine.

Drawbacks of battery electric vehicles
Until the complete transition of the electric
power generation to renewable energy sources, the use of BEVs does not lead to near-zero
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The use of BEVs does not prevent emissions
of polluting harmful substances into the atmosphere until the complete transition of
the electric power industry to renewable
energy sources has been made. This is especially important in cities where fossil fuel
power plants are located within the city (for
example, in Moscow and St. Petersburg). In
these cities, burning of fossil fuels for transportation will remain a significant cause of
air pollution.
Air pollution from transport is not solely due
to the combustion of fossil fuels. A significant
part of the pollution is particles of asphalt
and car tires, which are formed as a result of
wheel friction against the road surface. This
pollution will remain after the transition to
electric vehicles.
The engine is the main source of noise when
driving at speeds up to 30 km/h. Therefore,
BEVs produce less noise at these speeds. That
means that with BEVs, the noise is reduced
only at the beginning of the movement and
at the end of braking, as well as when driving at low speeds in the inner-yard passages.
At speeds above 30 km/h, the main cause
of noise pollution is friction of tires against
the road surface. As the speed increases,
the noise level also increases. At a speed of
60 km/h and above, the noise level of BEVs
practically does not differ from that produced
by cars with ICEs.
Low level of noise of e-cars in areas which are
used jointly with pedestrians increases the
danger of vehicles: pedestrians do not hear
their approach. With increase of the BEVs
number, the number of road traffic accidents
involving pedestrians also grows in such pedestrian zones.

Fires are common problems in BEVs. They
can occur as a result of road traffic accidents,
and because of overheating. Burning lithium
and batteries containing it shall not be extinguished with water, carbon dioxide and dry
powder extinguishers, as well as sand and
other similar means: that will cause an explosion. As a fire extinguishing agent, one can use
powders that do not contain oxygen: graphite
chips, powder of carborundum and boron nitride and ordinary table salt. Since lithium-ion
batteries contain both combustible and oxidizing agents, backfill extinguishing will not
be successful, but flame outflow can be limited this way. One should also take into account
the possibility of transition of combustion into
a powerful explosion and the high toxicity of
combustion products [36].
In electric cars, batteries make up a significant
part of the mass, and they are compactly located. As shown by crash tests, they pose a great
danger to other participants in an accident for
this reason.
Electric vehicles pose other new challenges that are not typical of ordinary cars: long
charging times, short battery life. The charging time for batteries in an electric vehicle is
extremely long compared to filling a vehicle
with regular fuel. There is the possibility of
fast charging, but this places high demands
on the power grid. For example, Tesla S fully
charges in 21 hours at 3.7 kW charging power, and 2 hours with fast charging at 45 kW
charging power.
The broad-scale use of BEVs is associated with
the large-scale production of batteries and
their disposal. These industries are classified
as harmful [37].
Electric cars do not change the way one travels. Therefore, electric vehicles retain almost
all the disadvantages of conventional cars,
for example, road traffic injuries and deaths.
Cars cause more than 1.3 million deaths and
50 million injuries per year in the world [38]
and about 20 thousand deaths and more than
200 thousand injuries per year in Russia [39].

Damage from accidents makes 1–2 % of the
gross domestic product.
Electric cars require the same roads and the
same space as conventional cars. Thus, they
preserve the problems associated with conventional cars: the seizure of huge areas of
land for transport infrastructure, fragmentation of ecotopes, habitats of animals, insects
and plants.
The mass of the required batteries is very
large. Water and air transport can be converted to accumulators only on short routes
(100–200 km). Long terminal stops are also
required to recharge the batteries. Therefore,
for example, battery-powered watercraft are
more suitable for cargo transportation. In this
case, batteries can be charged during loading
and unloading. There are no ideas on how to
convert water transport and aviation at medium and long distances to electricity.
Battery electric transport keeps all environmental, social and economic problems associated with transport (see sections 10 and 11
of this brochure), with the exception of the climate problem and (partially) the problems of
pollution and noise.

Notice about battery e-buses
There are a few things to note about electric
buses. Their standard implementation suffers
from low energy efficiency: they require heavy
batteries, and electric buses, in fact, are mainly transporting batteries, not passengers. Due
to the inefficiency of this technical solution,
various variants of electric buses with small
batteries are currently being developed, which
allow movement not for several hours, but only
for a distance of several stops, with recharging
at (almost) every stop.
One of the options is induction charging at
stops. The principle of operation is similar to
the principle of induction charging of mobile
phones or the operation of an induction hob
on an electric stove. High-frequency emitters
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are located in the carriageway at stops, turn on
and provide recharging when electric buses arrive there. Of course, the use of high-frequency
radiation poses a danger to people at and near
the bus stop. To ensure the safety of people, it
is assumed that when charging, special shielding aprons along the perimeter of the charging
zone are to be lowered from the e-bus. Any
technical malfunction of the aprons will lead to
dangerous exposure of people to high-power
electromagnetic radiation. Therefore, this
charging option raises great doubts.
There is another, safer option, which is already
being used, for example, in Geneva. Fast charging is carried out by chargers at almost every
stop, to which the electric bus is connected in
the same way as plugging into an outlet (video:
[40]). Within 15 seconds, the electric bus receives more energy than it needs to run until
the next stop.

Notice about e-trucks
Electric vehicles delivering goods within a settlement do not need a long autonomous running range. In addition, their batteries can be
recharged with every loading and unloading
operation. Therefore, electric trucks of this
class are quite justified.
However, when transporting goods over long
distances, too heavy batteries are required. In
addition, the needed charging times do not allow to use such trucks effectively. Therefore,
there are ideas to build contact networks over
highways (actually, introducing freight trolleybuses). However, freight trolleybuses are “the
invention of the bicycle”. Freight ground electric transport is known and has been successfully operating for over a hundred years. This
is an electrified railway. The railway is one of
the most environmentally friendly modes of
transportation, both in terms of low energy
consumption and air pollution, and in the relatively small areas of required land. The lobbying activity of the car industry has already led
to the fact that the environmentally friendly
and economically expedient railway is in rela-
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tive decline. An inexpedient technical solution
in the form of freight trolleybuses, profitable
for the car industry, will further contribute to
this decline.

Using other transportation modes can be
a solution to climate and environmental
problems
Intercity passenger buses and long-haul
trucks have problems to be converted to BEVs:
the required weights and charging times of the
batteries are too big to consider this method of
transportation as a rational technical solution.
It would seem that in these cases it is necessary to use “green” synthetic fuel. However,
it is necessary to recall the arguments that
have been repeated for many years: transporting people and goods over long distances by
road is environmentally harmful and energy
inefficient. The alternatives in the form of passenger and freight trains and water transport
are the right solutions.

Carbon footprint of BEVs
One can meet sometimes the statements
that BEVs have such a high efficiency that
even if they are charged with electricity from
a coal-fired power plant, the GHG emissions
will be lower than in case of a car with an
internal combustion engine. Unfortunately,
this is not true.
The efficiency of a conventional gasoline
engine is, on average, 18–20 %. Diesel car
engines have higher efficiencies (approximately one and a half times higher) than gasoline ones, but they are associated with the
emission of much more harmful substances
into the atmosphere. It is also necessary to
take into account the part of diesel vehicles
in the overall number of cars in each country.
Diesel card account for only 5 % of the Russian
vehicle fleet, and only 3 % of the US vehicle
fleet. In Western Europe, they make up half of
all cars, and there their contribution must be
taken into account.

When calculating the climate footprint of a car
with an internal combustion engine, it is necessary to take into account the energy losses
during oil cracking. They can reach 6.7 % [41].
Therefore, the efficiency of the source-wheel
chain for a gasoline engine is 17–20 %.
Now consider the processes of energy transformation during the operation of an electric
car. Electricity is produced at the power plant,
transmitted through the network to the place
of charging, part of it is lost when charging and
discharging the battery of an electric car, and
part is lost in the electric motor. In addition,
the electric car is forced to carry heavy batteries, which also reduces its efficiency.
The efficiency of a conventional thermal power
plant (TPP) averages about 33 %. Losses in networks during transmission of electricity make
about 10 %. Manufacturers of electric vehicles
claim that the efficiency of the “battery — electric motor” pair reaches 80 % when the batteries are new and the operating temperature is
at least 20 °C. Taking into account the battery

aging, one can assume the average efficiency
of the pair “battery — electric motor” equal
to 75 %. Comparison of cars with similar consumer characteristics shows that electric cars
are 10–30 % heavier than conventional ones.
The weight of the car proportionally increases
the energy losses. Multiplying all the efficiencies of the “TPP — electric motor” chain, one
can obtain the overall efficiency equal to 16–
20 %, that is, practically in the same range as
the efficiency of a car with a gasoline engine
(17–20 %).
When burning coal, 1.17 times more GHG
is emitted than when burning motor gasoline, and 1.69 times more than when burning
gas [42]. Consequently, electric vehicles powered by coal-fired power plants will generate
more emissions than gasoline vehicles and
much more than gas or diesel vehicles.
If we consider the carbon footprint of the full
life cycle of a car, then an electric car loses
even more to a conventional car with an internal combustion engine. The carbon footprint
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Vehicle production and disposal

Fuel production
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Fig. 5
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of a car (the amount of GHG emissions caused
by its manufacturing processes) is very significant. The production and recycling of an electric vehicle has a higher carbon footprint than
of a conventional car. Calculations show that
in the production of an electric vehicle with a
range of 400 km per charge, GHG emissions
are approximately 68 % higher than in the production of a similar vehicle with an internal
combustion engine [43].
The diagram in Fig. 5 shows [35] that, taking
into account its full life cycle, an electric car in
Western Europe emits slightly less greenhouse
gases than a car with an internal combustion
engine if it is charged with an “average European” energy mix, which has many low-carbon
sources, and much more if it is from a coalfired power plant.
All this, of course, does not mean that electric
cars are a wrong solution. This means that it is
necessary to develop renewable energy sources at a very high rate and to abandon fossil fuels as soon as possible.

In which countries BEVs already reduce
greenhouse gas emissions?
In the countries where electricity is generated
almost entirely by low-carbon sources (LCS),
the switch to electric vehicles provides immediate significant reductions in GHG emissions.
There are quite a few such countries [44]: Uruguay, Albania, Bhutan, Paraguay, Nepal, Lesotho (all with 100 % LCS), Ethiopia, Democratic
Republic of Congo, Costa Rica, Central African
Republic, Iceland (all with 99 % LCS), Sweden
(98 % LCS), Norway (97 % LCS), etc. And in
other countries where the share of LCS is high,
the transition to electric cars is climate-friendly already now. Among developed countries
one can mention France (92 % LCS), Switzer-
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land (91 % LCS), Canada (81 % LCS), Finland
(78 % LCS), and Denmark (77 % LCS).
If the country’s electric power generation
is based on coal, then even the presence of
a certain share of renewable energy sources
and nuclear power plants does not change
the situation. This is the case in China (gas
3 %, coal 64 %, nuclear power plants 5 %,
hydroelectric power plants and other renewable energy sources 28 %), Poland (gas 6 %,
coal 71 %, hydropower plants and other renewables 23 %), India (gas 4 %, coal 75 %,
nuclear power plants 3 %, hydropower plants
10 %, other renewables 8 %), South Africa (gas
3 %, coal 69 %, crude oil 14 %, nuclear power
plants 3 %, renewables and waste 11 %) and
some other countries.
There are large countries in which the transition to electric cars leads to a decrease in
greenhouse gas emissions only in some parts
of the country, where there is a lot of LCS in the
electricity mix. Calculations show that in the
United States (gas 38 %, coal 24 %, hydroelectric power plants 7 %, nuclear power plants
20 %, other renewables 11 %), the transition to
electric cars reduces GHG emissions in only 24
out of 50 states. Similarly, in Russia (gas 46 %,
coal 18 %, hydro power plants 18 %, nuclear
power plants 17 %, other renewables 1 %) the
transition to electric vehicles gives a reduction
in GHG emissions in the European part of the
country, where electricity generation is based
on gas, and does not give a decrease in the
Asian part with dominating coal generation.
As noted above, the use of electric vehicles
for long-distance transportation is questionable, and batteries are generally unsuitable
for long-distance trips of ships and aircraft. In
these cases, hydrogen or synthetic fuels are
required. The transport using these two technologies is discussed in the next two sections.

7

HYDROGEN VEHICLES

The use of traditional electric transport with
a contact network is limited to situations
when it is technically possible and economically feasible to build an appropriate infrastructure. The use of battery electric vehicles
is limited by the huge mass of batteries required. In cases where these two solutions to
the problem of transport decarbonisation are
not applicable, it is necessary to use hydrogen
or synthetic fuel.
To ensure climate neutrality, hydrogen must
be produced by electrolysis of water using
electricity from renewable energy sources.
In vehicles, hydrogen can be used as a fuel
in an internal combustion engine or in a fuel
cell to generate electricity, which is fed to an
electric motor. The disadvantage of the first
option is the low efficiency of internal combustion engines. Therefore, the main efforts
in the development of hydrogen transport
are directed to the use of hydrogen fuel cells
(HFCs).
Fig. 6 schematically presents the operation
of a hydrogen-air fuel cell. In it, electric current is generated as a result of an electrochemical reaction of atmospheric oxygen
with the hydrogen fed from a tank. These
processes take place on different sides of
the membrane covered with a catalytic layer
with the addition of platinum. This can be
schematically described as follows. Air is
supplied to one side of the HFC, and hydrogen — to the other side, where it is divided
into protons and electrons. Protons move
through a special membrane from the anode

www.ecns.cn
The world’s first HFC tram in Qingdao

to the cathode, and electrons move through
an external circuit, creating an electric current. At the cathode, protons react with atmospheric oxygen to produce water.

Fig. 6
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Advantages of hydrogen fuel cell
transport
Hydrogen vehicles are refueled very quickly.
The refueling time is approximately the same
as when refueling with regular fuel.
Hydrogen transport does not cause air pollution. Only water results from using hydrogen as
an energy carrier.
The energy content per unit mass of hydrogen
is very high. Therefore, hydrogen is able to provide a large vehicle range, no less than when
refueling with conventional fuel.
In cases where the mass of the energy carrier
on the vehicle plays a critical role, hydrogen
has a significant advantage over batteries. For
example, with the same mass as the battery,
the hydrogen provides up to five times the
flight time of a quadcopter.

Disadvantages of hydrogen fuel cell
transport
Energy losses when using vehicles with HFCs
are the sum of electricity losses during its production and transmission through the network,

The world’s first bicycle with HFC manufactured
by the Shanghai Pearl Chinese company
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losses during electrolysis, losses during storage, transportation and distribution of hydrogen, losses in fuel cells and losses in an electric
motor. Only 10–30 % of the energy generated
by renewables will reach the HFC vehicle propeller. Thus, HFC transport is significantly less
efficient as compared to both network and battery electric transport in the “source — wheel”
chain (see Table 1).
The use of hydrogen in transport is criticized not
only for its low energy efficiency. It is pointed
out that the HFC technology is complex and is
currently not fully developed. For this reason,
in 2018, only about 4 thousand HFC cars were
produced worldwide, while there were over
2 million e-cars manufactured. Further development of the HFC technology may take many
years. Since the problem of transport decarbonisation must be solved as soon as possible,
HFCs may not have time to play a significant
role in this and will only divert resources.
The high cost of fuel cells and their short service life (shorter than the service life of electric motors and internal combustion engines)
are also among the disadvantages of hydrogen
transport.
Hydrogen is much lighter than gasoline, and the
hydrogen molecule is very small. This makes it
difficult to store and transport hydrogen. One
needs to compress it to a liquid state and store
it at a low temperature. The high pressure required to store hydrogen makes it difficult to
transport large quantities of this fuel. Not all
of the existing gas pipelines are suitable for
transporting hydrogen.
It should also be borne in mind that hydrogen
as a fuel is dangerous due to its low ignition
energy and high combustion energy, as well
as due to the fact that it has high volatility and
easily flows out of tanks. Thus, hydrogen is
highly explosive.

8

SYNTHETIC FUELS
FOR TRANSPORT

As noted above, neither the contact network,
nor the batteries are applicable for water and
air transport at medium and long distances.
The use of synthetic fuels is another opportunity to make these modes of transport climate
friendly, along with hydrogen.
If synthetic hydrocarbon fuel is produced from
atmospheric carbon dioxide and water using
energy from renewable energy sources, such
a fuel has near-zero carbon footprint. Therefore, it is also called “green” synthetic fuel to
distinguish it from fuels produced synthetically
from fossil raw materials. If synthetic fuels are
produced chemically from any fossil hydrocarbon feedstock, they have high carbon footprint
and are by no means a solution to the climate
problem.
The first step in all synthetic fuels production
methods is electrolysis of water to produce hydrogen. The use of hydrogen directly as fuel is
described in the previous section.
For water transport, liquefied synthetic gas
can be used as fuel. For aviation, for safety reasons, gas is not suitable, synthetic kerosene is
required.

Advantages of transport
on “green” synthetic fuel
When using “green” synthetic fuel, there is
no need to create a new infrastructure for its

transportation, storage, refueling, and there
is no need to create new types of transport.
Existing storage facilities, pipelines, gas stations and vehicles can be used.
In addition, since synthetic fuel is produced
chemically, not from crude oil or natural gas,
it is much cleaner and, when burned in internal combustion engines, gives many times less
polluting harmful emissions into the atmosphere.
The energy content of hydrocarbon fuels per
unit mass is very high. It can be used by longhaul vessels and aircraft.

Disadvantages of transport
on “green” synthetic fuel
The technologies for production of synthetic
fuels have many stages, with energy losses
at each of them. Moreover, in vehicles, synthetic fuel is burned in internal combustion
engines, which have low efficiency. Therefore, the overall energy efficiency of the entire technological chain of these methods is
very low. As indicated in Table 1 above, the
source-to-wheel efficiency for gaseous synthetic fuels is 10–25 %, and for liquid synthetic fuels it is 7–17 %. It is this low energy
efficiency of synthetic fuel technologies that
makes it necessary to abandon the use of existing infrastructures and vehicles and switch
to battery vehicles.
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9

BIOFUELS FOR TRANSPORT

Biomass can be the energy basis for renewable chemical fuels for transport. Depending
on the kind of biomass used to produce biofuels, the carbon footprint of the resulting fuel
significantly varies. When using waste from existing forestry, woodworking or food industries
or agricultural waste as the raw material, the
carbon footprint of biofuels is quite low. However, the resource of such waste is very small
and cannot make a significant contribution to
transport decarbonisation.

Photo: Edgar Vonk

Oil palm plantation displaces virgin tropical forest
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Unfortunately, when using specially grown
crops for biofuel production, the fuel carbon
footprint is too high, even compared to the carbon footprint of fossil fuels. Ethanol produced
in Brazil from sugar cane has the carbon footprint about 30 % of the petroleum fuels carbon
footprint. Biodiesel produced in Europe from
palm oil has a scandalous carbon footprint,
170 % as compared to diesel fuel from petroleum. Crop biofuels have too large carbon footprint to be eligible for the Paris Agreement.

In addition, “energy” crops require huge areas for their cultivation. For example, in order
to annually produce the volume of biodiesel
equivalent to 1 MWh, about 1600 m2 of oil palm
plantations are needed, and for the annual production of ethanol of the same energy content
from sugar cane — 300–450 m2. Providing biofuels to just civil aviation only would require clearing rainforests in virtually all of Brazil, and to all
transportation modes — to plant “energy” crops
on all agricultural lands of the planet Earth.
Plantations for biofuel production are one
of the main reasons for deforestation on our

planet. This causes irreparable damage to biodiversity. The richest flora of tropical forests is
being replaced by monocultures, and habitats
of wild animals are being destroyed.
Cultivation of “energy” crops also creates social problems. Their plantations are taking
away the land needed to grow food at a time
when hundreds of millions of people are starving around the world. When plantations are
created, local residents are expelled from
the territories of their traditional residence.
To force people to leave their homes, illegal
methods, threats and violence are often used.
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DOES ZERO-CARBON
TRANSPORT SOLVE
ENVIRONMENTAL PROBLEMS?

Transport causes significant damage to the
environment. Both vehicles and stationary
sources related to transport infrastructure
contribute to this damage. When assessing
the negative environmental impact of transport, it is also necessary to take into account
the processes of creating vehicles and infrastructure and their disposal after the end of
their service life.
Transport:
• pollutes the atmosphere, land and water
bodies; changes the chemical composition

WikiPedant, https://clck.ru/U8pQG

Ecoduk in Banff National Park, Canada
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•
•
•
•
•
•

of soils and microflora; pollutes agricultural
crops and reduces their productivity; generates industrial waste;
is responsible for a significant share of
greenhouse gas emissions;
creates high levels of noise;
creates high levels of vibration;
occupies huge land areas for roads and railways, airports, sea and river ports, pipelines
and other facilities;
destroys habitats of animals and plants;
fragments natural ecosystems, hinders natural migration of animals and plants;

•
•
•
•
•
•

disrupts ecosystems located near transport
facilities;
threatens with the depletion of some natural resources, for example, metal ores;
generates heat into the environment;
activates unfavorable natural processes (water erosion, waterlogging, mudflows, etc.);
causes injuries and deaths to people and
animals;
promotes introduction of alien species.

With a compete transition of transport to renewable sources, environmental pollution will be reduced, because there will be no need anymore
to burn fossil fuels, whose combustion produces
emission of huge volumes of pollutants. However, for production, maintenance and disposal of
new vehicles, it will be necessary to increase the
volume of harmful industries (for example, for
production and disposal of batteries).
When transferring transport to renewable
energy sources (provided that these renew-

ables have a zero carbon footprint), the problem of the negative impact of transport on the
climate will be solved.
The use of electric vehicles (both networkfed and battery-powered) somewhat reduces
the problem of high levels of traffic noise, because electric motors are quieter than internal
combustion engines. However, the main cause
of noise from vehicles is tires friction against
the road surface (at speeds above 30 km/h).
Therefore, the improvement in the noise situation when switching to electric vehicles is insignificant.
Thus, decarbonisation of transport mitigates
the first three problems from the list above, but
leaves everything else unchanged. All problems can be substantially mitigated by avoiding excess travel and transportation and using
more efficient transportation modes (modal
shift), as described in sections 2 and 3 of this
brochure.
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SOCIAL ASPECTS
OF TRANSPORT

Transport causes illnesses,
injuries and deaths
Transport poses perhaps the most pressing
health problems. In most large cities, about
80 % of harmful emissions into the atmosphere come from road transport. Internal
combustion engine exhaust contains over 200
harmful substances. Two thirds of them are
carcinogenic. Air pollution causes about 7 million deaths every year worldwide [45], of which
almost 100 thousand deaths — in Russia [46].
The transition of transport to renewable energy sources will significantly reduce this negative factor.
Road traffic accidents cause numerous injuries and deaths. More than 1.3 million people
die and 50 million get injuries annually in
the world [38] in such accidents, and about
20 thousand die and more than 200 thousand
get injuries annually in Russia [39]. Damage
from car accidents make 1 to 2 % of the gross
domestic product. At the same time, mortality and injury rates in urban public transport,
intercity trains and buses, and in passenger
aviation are more than 10 times lower than in
motor transport [47].
Decarbonisation of transport will not bring
any decrease in numbers of traffic injuries and
deaths. Only prevention of excessive travel
and cargo transportation, modal shift, correct
spatial planning of settlements, and taking
proactive measures to improve road safety can
make a change for the better.
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Transport discrimination
Traveling by transport is not a purpose in itself
and takes away from people time that they
could use in a more useful way. The transport
system is a means that should provide people
with access to the main activities necessary in
their lives: work, education, shopping, health
services, recreation, etc. These should be accessible to all citizens, regardless of income
level, place of residence or personal life circumstances.
In Russia, transport discrimination of the population is usually understood as a form of territorial social injustice. The level of transport
discrimination of the population is calculated
as the proportion of people who live outside
the zone of standard accessibility of public
transport services. In the Western countries,
transport discrimination usually means lower
quality of services for disabled people.
In Russia, it is often assumed that transport
discrimination occurs only in remote regions.
This is not correct. Even in such megalopolises as Moscow and St. Petersburg, people
with disabilities and even just the elderly ones,
often cannot use public transport services or
avoid to use it for the reasons that vehicles are
not suitable for disabled people, stops of public transport are too rare and are located too
far away, the steps in vehicles and at stops are
too high, there are too many stairs, absent are
escalators, lifts or ramps, drivers are not able
to park vehicles at stops close enough to the
sidewalk curb, etc.
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Fig. 7

Transport discrimination can also extend to
social groups. For example, removal of tram
ways from a street not only reduces the street
capacity by about 6 times (the number of passengers transported by trams is at least six
times more than cars can carry), but also negatively affects the poor who do not have private
cars and move only by public transport.
Transport discrimination leads to a shortage of
basic vital services to people due to their spatial inaccessibility. It results in significant reduction of the quality of life.
Decarbonising transport does not prevent
transport discrimination. Only development
of public transport accessible to all and the
correct spatial planning of settlements can
change the situation for the better.

However, some transportation modes not
only emit less carbon dioxide per passengerkilometer, but also take up much less space on
the road per passenger. Fig. 7 shows the data
on how big is the carriageway area needed to
transport one passenger when using various
modes of transport. One can see that walking
takes up the least area, and traveling by bicycle and public transport has a great advantage
over travel by car..
It is clear that development of public transport
and ensuring comfortable and safe walking
and cycling can make a huge difference in solving the problem of congestion. Thus, a modal
shift that helps tackle climate change can also
help to solve traffic congestion.

Transport causes social problems in
third world countries
Trafﬁc congestion
Traffic congestion (traffic jams) is a social problem that reduces the quality of life. It causes
economic damage, increases the accident rate,
creates stress for drivers and passengers, disrupts the work of emergency and operational
services, and reduces the capacity of roads.
Traffic congestion can occur due to incidental or temporary circumstances, traffic accidents, road repairs, etc. However, the main
reason for traffic congestion is the discrepancy between the number of cars and the total
area of the carriageway in a city. For example,
in Moscow and St. Petersburg, the number of
cars is approximately five times more than
the number of cars the streets are able to let
move normally.

Transport consumes more than 60 % of world
oil production [27]. The processes of oil extraction, transportation and refining create not
only environmental, but also significant social
problems, primarily in third world countries.
One notable example of this is the appalling oil pollution in the Niger Delta [48]. This
area, home to about 20 million people, is an
incredibly rich ecosystem and has one of the
highest concentrations of biodiversity on the
planet. The nature and people of the Niger
Delta are suffering from unprecedented oil
spills that have continued here over the past
5 decades, making this region one of the most
polluted in the world. It is estimated that while
10 oil spills have occurred in the European
Union in 40 years, in Nigeria there have been
9,343 cases in 10 years.
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Decarbonising transport and other areas
of human activity and, as a consequence,
the cessation of oil extraction can stop the
growth of such problems in the world. However, some other problems not only remain
but are growing.
Some time ago, biofuels produced from cultivated “energy” crops were considered
climate neutral and capable of making a significant contribution to the decarbonisation
of the economy and, in particular, transport.
The main crop for biofuel production is the
oil palm. For its cultivation, huge areas of
tropical forests are cut down and replaced by
monoculture plantations. This not only creates environmental problems, but is also accompanied by social conflicts. Local residents
are forcibly expelled from places of their traditional residence, often by using armed pressure on them [49].
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The massive shift to electric vehicles requires
the extraction of massive amounts of cobalt for
batteries. Two-thirds of the world’s cobalt production is concentrated in the Democratic Republic of the Congo. The industrial extraction of
cobalt in this country is accompanied by violation of working conditions, as well as corruption
scandals. About 20 % of mining is carried out in
an artisanal way, in open mines, rather pits and
caves, without observing any health and safety
rules. This activity employs about 200 thousand
artisan miners. There are many children among
them, sometimes even at the age of four [50].
Decarbonising transport does not in any way
ensure prevention of social problems associated with the oil palm cultivation or with the
cobalt extraction. It requires joint efforts of
governments, business, and civil society to establish and control the entire chain of production and delivery of raw materials.
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CONCLUSIONS

Transport is responsible for more than one sixth
of global greenhouse gas emissions. Therefore,
decarbonising transport is an important component of measures to combat climate change on
the Earth. It is achieved by completely eliminating the use of fossil fuels in transport and shifting
all vehicles to using renewable energy sources.
To implement the Paris Agreement, transport must be completely decarbonised by
around 2050. Given the lifespan of vehicles,
this means a global phaseout of production
and sale of new fossil fuel vehicles by around
2035. This also means the need for complete
transition of the world energy production to renewables and the ban of fossil fuels by 2050.
The transition of transport to renewables will
require a significant increase in the capacity of
electricity generating energy sources. To cope
with the transport transition to renewables within the timeframes indicated above, it is necessary to minimize the energy needs of transport.
This means strictly adhering to the following priorities when carrying out the decarbonisation.
First and foremost, unnecessary, redundant travel and transportation of goods must be avoided.
Secondly, those modes of transport should be
developed and used that consume less energy
(the modal shift should be implemented). This
is achieved through the efforts of both administrations that shall perform the right spatial and
transport planning and the efforts of every person who can make an informed choice of transport services that consume less energy (public
transport) or use a person’s muscular energy
(for example, a bicycle). Last but not least, the

technical re-equipment of transport and the energy system should take place so that all technological processes related to transport do not
lead to greenhouse gas emissions.
There are several technical possibilities to decarbonise transport. The most energy efficient is
the use of a well-known electric transport with
a contact network. Battery-powered vehicles are
next in terms of energy efficiency. At the bottom
of the list in terms of energy efficiency are vehicles powered by “green” hydrogen and “green”
synthetic fuel. This is the priority order in which
vehicles should be developed and used.
Biofuel deserve special mentioning. Most of currently existing methods for producing biofuels
have very high carbon footprints and therefore
cannot be a solution to the problem of climate
change. In addition, they require too large areas
for growing “energy” crops. Production of biofuels from various types of organic waste is much
better from the climate viewpoint. Unfortunately, this possibility is limited by small volumes of
such waste and cannot contribute significantly
to the transport decarbonisation.
All efforts to achieve climate neutrality in transport must take into account not only technical
aspects, but also environmental and social ones.
Most of the climate friendly solutions are, fortunately, also environmentally and socially friendly.
So, decarbonising transport is a difficult but doable task. It will not only contribute to preventing
excessive changes in the global climate, but also
make people’s lives more convenient and safer.

37

13

REFERENCES

[1]

Climate change, https://en.wikipedia.org/wiki/Climate_change.

[2]

Greenhouse effect, https://en.wikipedia.org/wiki/Greenhouse_effect.

[3]

Paris agreement, https://en.wikipedia.org/wiki/Paris_Agreement.

[4]

Sector by sector: where do global greenhouse gas emissions come from? https://clck.ru/TvrA3.

[5]

Climate Change 2014 Synthesis Report, IPCC, https://clck.ru/TvrDA.

[6]

Average vehicle age, https://clck.ru/TvrFN.

[7]

World Energy Outlook, IEA (стр. 6 Резюме), https://clck.ru/TvrHp.

[8]

Cars produced this year, https://clck.ru/TvrLs.

[9]

1,2 Billion Vehicles On World’s Roads Now, 2 Billion by 2035: Report, https://clck.ru/TvrQ5.

[10] Comparison of pollutant emissions from cars and various power plants (in Russian),
https://clck.ru/TvtCh.
[11] First Things First: Avoid, Reduce … and only after that — Compensate, https://clck.ru/TvtGm.
[12] Improving the efficiency of the transport system,(in Russian) https://clck.ru/TvtHz.
[13] Zero-emission vehicles and zones in Nordic cities. Promotion, instruments and effects,
https://clck.ru/TvtK6.
[14] Deloitte City Mobility Index, Copenhagen, https://clck.ru/TvtLb.
[15] Deloitte City Mobility Index, Stockholm, https://clck.ru/TvtQm.
[16] Deloitte City Mobility Index, Helsinki, https://clck.ru/TvtRx.
[17] Deloitte City Mobility Index, Oslo, https://clck.ru/TvtT2.
[18] Congestion charges in Stockholm and Gothenburg, https://clck.ru/TvtTW.
[19] Norway’s urban toll rings: Evolving towards congestion charging? https://clck.ru/TvtW5.
[20] Finnish Government plans to allow congestion charges in its cities, https://clck.ru/TvtXQ.
[21] How Copenhagen’s Policy Failure Led to Infrastructure Success, https://clck.ru/TvtaF.
[22] Passenger transport modal split, https://clck.ru/Tvtc5.
[23] What will it take to phase out greenhouse gas emissions from road traffic in the Nordic-Baltic region
by 2030–2035? https://clck.ru/Tvtdk.
[24] Road transport carbon dioxide emissions per capita worldwide in 2018, by select country,
https://clck.ru/UUyqk.
[25] The International Association of Public Transport, https://clck.ru/Tvtj6.
[26] Transport Uses 25 Percent of World Energy, https://clck.ru/Tvtk7.
[27] Breakdown of oil consumption by sector, https://clck.ru/TvtmW.
[28] How to decarbonise European transport by 2050, https://clck.ru/Tvtno.
[29] Transport demand and CO2 emissions to 2050, https://clck.ru/Tvtq8.

38

[30] Transportation sector energy consumption, https://clck.ru/Tvtrs.
[31] Roadmap to decarbonising European aviation, https://clck.ru/Tvtt5.
[32] Synthetische Treibstoffe: Fluch oder Segen für die Energiewende? https://clck.ru/Tvtvo.
[33] Gross-Lichterfelde Tramway, https://clck.ru/Tvtxm.
[34] Electromote, https://en.wikipedia.org/wiki/Electromote.
[35] CO2 emissions from cars: facts and figures (infographics), https://clck.ru/Tvu4J.
[36] Toxic Gas Emissions from Damaged Lithium Ion Batteries — Analysis and Safety Enhancement
Solution, https://clck.ru/Tvu7F.
[37] Electric cars ‘pose environmental threat’, https://clck.ru/Tvu9y.
[38] Road traffic injuries (in Russian), https://clck.ru/FvZjq.
[39] Road safety indicators (inRussian), https://clck.ru/Fbqqm.
[40] ABB “flash-charging” buses go live in Geneva, https://clck.ru/TvuG4.
[41] Advantages ... for plasma-chemical hydrocracking of petroleum fractions (in Russian),
https://clck.ru/Tw9A3.
[42] Guidelines for quantifying greenhouse gas emissions ..., Table 1.1 (in Russian), https://clck.ru/TvuM7.
[43] Environmental footprint of electric cars, https://goo.su/4RDf.
[44] World Development Indicators: Electricity production, sources, and access, https://clck.ru/TvuU2.
[45] Air pollution (in Russian), https://clck.ru/TvuWQ.
[46] Average number of deaths attributable to air pollution in Russia from 1990 to 2017,
https://clck.ru/TvucN.
[47] Deaths by Transportation Mode, https://clck.ru/TvueG.
[48] Environmental issues in the Niger Delta (in Russian), https://clck.ru/TwshL.
[49] Impact of palm oil on society and the environment (in Russian), https://clck.ru/TwseF.
[50] Congo: 4-year-olds work 12 hours a day mining cobalt for our smartphones and computers (inRussian),
https://clck.ru/Twsr5.

* Seven environmentally friendly transportation shown in the photo at the end of section 3.
From top to bottom: surfboard, waterbus, foldable stroller, scooter, bicycle, tram, pedestrian (already gone).
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