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Electric Bicycles in the Urban
Environment: Prospects and
Constraints for Use in Megalopolises

Dmitry V. ZAVYALOV Olga N. BYKOVA

ABSTRACT

The development of a transport system that
meets both the requirements of residents to
ensure mobility while maintaining the ecology of
the city, and the requirements of a business that
needs an efficient logistics system is a topical task
for most megalopolises. Moscow, being no
exception, is making significant efforts to develop
the city’s transport system, using both traditional
methods of increasing the capacity of roads and
developing the city’s infrastructure to use bicycle
transport, which can reduce the load on the city’s
public transport and positively affect the city’s
economy and ecology. Recently, electric vehicles
of individual use began to appear on the streets of
the city: electric bicycles, electric scooters, etc.

The objective of the research is to consider
problems and assess the prospects for using
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individual electric vehicles in megalopolises, at
the example of Moscow, for both recreational
and utilitarian purposes. The study used as
research methods the analysis of the experience
of development of these vehicles abroad,
including in the urban transport system, and the
analysis of the regulatory aspects of the use of
electric bikes to determine the main areas that
need to be taken into account when using
electric bikes in the urban environment.

The authors also evaluate the possibilities of
their use, considering categories of goods and
the features of routing. The conclusion is drawn
on the large existing potential of the use of
electric bicycles as of an instrument of urban
logistics, and on the advantages of electric
bicycles as of an alternative urban transport
mode.
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Pic. 1. Satisfaction of Muscovites with the level of development of urban public transport, 2018. Compiled by the
authors based on the research of Plekhanov Russian University of Economics.

Background. The modern tasks of develo-
ping the transport system of megalopolises in
most countries are focused on increasing
transport accessibility for citizens and on
reducing the negative impact of the transport
system on the living conditions of megalopolis
residents by increasing the efficiency of traffic
management and developing new modes of
transport. Part of the solutions to these
problems lies in the plane of creating a
distributed urban infrastructure, introducing
innovative urban development projects focused
on creation of many centers of attraction (large
shopping centers, parks, recreation areas, office
centers, etc.).

Development management in the field of
the urban transport systems uses various
methods. First of all, it is associated with
modernization of transport routes and vehicles.
Networks of ground and underground railways
are being developed, which results in a steady
increase in speed; the street-road network is
expanding; modern models of vehicles, buses,
trolleybuses, trams are being introduced.
Almost all megapolises follow the policy of
motivating residents to use public transport,
sharing private cars, and using environmentally
friendly vehicles: bicycles, scooters, etc.

The measures taken in recent years in
Moscow to develop the urban transport
network and improve quality of public transport
services significantly influenced the opinion of
Muscovites. According to the results of
Plekhanov Russian University of Economics
(REU) 2018 research residents highly assess
the level of development of public transport in
the city (Pic. 1).

However, the car fleet of Moscow also
continues to grow by 8—10 % annually and

3,6 million cars move around the city daily'.
The possibility of using other modes of
transport as alternative to public transport and
private cars, in particular, the use of personal or
rental bicycles, is limited by many factors, such
asinsufficient infrastructure, the need to overcome
long distances between route points, and the low
level of physical activity of citizens [1].

The objective of the research is to study
problems and to assess prospects for use in
megalopolises, at the example of Moscow, of
personal electric transport. The research is
based on the methods of comparative analysis
of data and regulations.

Electric bicycles in the urban transport
system

The use of bicycles as a full-fledged means
of urban transport is one of the most relevant
areas of strategic development of the transport
system of a modern metropolis. The problem
of transition from recreational use of a bicycle
to solving purely utilitarian, and particularly
transport problems, forms the basis of many
programs for sustainable development of
transport systems of large cities [2]. At the same
time, studies show that the use of a bicycle is
effective on routes of a small radius, usually up
to 4—5 kilometers [3]. This does not require
serious physical effort from an unprepared
person and often turns out to be faster than
using other modes of transport, especially in
megacities with busy traffic [4]. However,
considering the expansion of the territory of
megacities, to overcome longer distances, the
bicycle has not yet become a full-fledged

! FoxTime (City Internet-edition). [ Electronic resource]:
http://foxtime.ru/news-view/v-moskve-rastet-
kolichestvo-mashin. Last accessed 12.06.2019.
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Pic. 2. Share of sales of electric bicycles in the total volume of bicycles sales, %. Source:
Plazier P. Weitkamp G., Berg A. Exploring the Adoption of E-Bikes by Different User Groups. Frontiers
in Built Environment, 2018, Vol. 4, p. 47.

alternative to public or private road transport.
The situation in large cities has begun to
radically change over the past few years
following the arrival of electric bicycles on the
market, whose sales are showing steady growth
(Pic. 2).

Electric bicycles market

Currently, the total market for electric
bicycles is estimated at 14,7 billion US dollars.
Moreover, annual growth is expected at the
level of 6,3 % [5]. The main market for electric
bicycles is Asia-Pacific region, where the leader
is the Chinese market. It is China that, for a
decade, has been number one in production
and sale of electric bicycles?. More than 200
million electric bicycles are operated in the
domestic Chinese market, and annual sales
amount to about 30 million units, of which
about 25 million are purchased to replace old
or worn devices. In European countries, it is
also possible to see rapid development of
electric bicycles as a mode of transport. In
Germany in 2018, sales of electric bicycles
increased by 36 %, reaching a level of 980
thousand units [6]. In the Netherlands, where
17 million inhabitants account for more than
22 million bicycles, by the end of 2018, out of
1,22 billion Euros spent to purchase new
bicycles, 823 million Euros accounted for
electric bicycles [7]. In total, more than 400
thousand units of electric bicycles were sold,
which is 40 % more than sales a year earlier.
The growing popularity of electric bicycles is
due to their more active use as the main mode
of transport and gradual displacement of

2 Models of electric bicycles used in China are closer in
dimensions and functions to motor bikes. Pedal gear is
almost not used.
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conventional bicycles. In the Netherlands,
about 60 % of the population lives at a distance
of 15 km from work [8], which exceeds the
distance of an average trip on a regular bicycle,
equal to 4—5 km. Using an electric bicycle
allows to increase the length of an average route
to 10—25 km without additional time and
physical costs.

Regulatory aspects of using electric bicycles

Electric bicycles have an electric motor that
provides traction, but at the same time, the
possibility of using traditional pedal traction
remains. Modern models of electric bicycles can
be equipped with small electric motors that work
to facilitate physical effort, as well as with more
powerful units that provide fully autonomous
movement and allow reaching speeds of 35—
45 km/h. In this regard, there is a legislative
distinction between the classes of electric
bicycles. In particular, in accordance with the
legislation of the European Union?, only Pedelec
(Pedal electric cycle) is a bicycle class: an electric
bicycle model in which an electric motor, with
a maximum power in continuous load mode of
not more than 250 W, is connected at the
moment of pedaling and automatically turns off
when the limit speed of 25 km/h is reached. It
is this type of electric bicycles that accounts for
the majority of global sales, about 88 % [5].
Models of electric bicycles with more powerful
motors that operate without reference to the
pedal rotation mechanism, as well as without
the automatic shut-off function, are not
officially bicycles and, depending on local
legislation, belong to the class of mopeds or

3 Standard EN15194 Cycles — Electrically power assisted
cycles — EPAC Bicycles. [ Electronic resource]: https://
www.en-standard.eu/ilnas-en-15194-cycles-electrically-
power-assisted-cycles-epac-bicycles/. Last accessed
12.06.2019.



motorcycles. Forthem, there are also restrictions
when driving along bicycle lanes: in Germany
and the UK only Pedelec owners are allowed to
use bicycle lanes; in Norway powerful electric
bicycles are allowed on bicycle lanes with electric
motors disconnected. In Russia, in accordance
with the Traffic rules, vehicles with an electric
motor with a rated maximum power in
continuous load mode not exceeding 0,25 kW,
which automatically switches off at a speed of
more than 25 km/h, also belong to the class of
bicycles. Electric bicycles with a more powerful
engine belong to the class of mopeds and require
obtaining the driving license of category «M»*.

With an increase in the power and speed of
electric bicycles, the risks of potential damage
to life, health, and property of both the drivers
themselves and those around them increase. In
this regard, the EU countries are developing a
legislative initiative for compulsory liability
insurance for owners of electric bicycles. In
2018, this recommendation was announced by
the European Commission, but was rejected by
the European Parliament under pressure from
the European Federation of Cyclists (EFC)?>.
In most European countries, Pedelec is
considered as a variant of a conventional bicycle
and introduction of additional restrictions,
according to EFC [9], will negatively affect
development of cycling, a new impetus to which
is given by electric transport technologies. The
sales of electric bicycles have particularly
revived the stagnant market and helped to
attract additional users to this type of transport
both among young people and in the older age
category. According to EFC forecasts, based
on data on sales of electric bicycles in Germany
and the Netherlands, about 150 million units
of electric bicycles will be sold in the next
decade [6].

Prospects for use of electric bicycles in
Moscow based on international experience

From the point of view of integration into
the urban transport system, electric bicycles
have a number of undoubted advantages
compared to ordinary bicycles: they allow to

4 Federal Law dated 10.12.1995 No. 196-FZ

(as amended on 27.12.2018) «On Traffic Safety» (with
amend. Entering into force since 01.11.2019). Article 25.
| Electronic resource]: http://www.consultant.ru. Last
accessed 21.07.2019.

3> European Cyclists’ Federation (ECF). [Electronic
resource]: https://ecf.com/. Last accessed 21.07.2019.

cover significantly greater distances, minimize
the negative effects of complex topography, and
are suitable for people of different physical
fitness and health. According to the results of
surveys conducted as part of studies by the
Department of Transport and Development of
Road Transport Infrastructure of the city of
Moscow, a significant portion of respondents
cite health or age as a reason for refusing to use
a bicycle. It is for this reason that electric
bicycles have more potential in terms of
alternatives to personal cars than ordinary
bicycles.

Besides recreational use, the popularity of
electric bicycles among courier and logistics
companies is growing as of a vehicle for
intercity transportation of small loads. The use
of electric bicycles can solve the problems with
the high cost of paid parking, shortage of
unloading areas in the central streets, and the
lack of the need to have a driver’s license
significantly expands the pool of potential
employees hired as drivers.

Organization of intracity transportation is
one of the main tasks of logistics experts in large
cities. Transport cargo flows mostly coincide
with traffic routes of personal vehicle owners and
worsen the busy traffic situation during peak
hours. Cargo transportation makes up from 8 %
to 10 % of the transport flow and, in case of
loading and unloading, reduce street throughput
by 30 % [10; 11]. About 20 % of CO, emissions
into the city’s atmosphere are caused by cargo
transportation [12]. For example, in the UK the
number of small vehicles over the past 20 years
has grown by 71 %, while the fleet of cars has
increased by only 13 %. Using electric bicycles
can partially solve these problems. According to
preliminary estimates, from 19 % to 48 % of the
average daily mileage of a truck operating within
the city [13], and transportation of up to 51 %
[14] of all goods can be carried out using electric
bicycles adapted for transportation of small
goods (cargo electric bicycles).

Astudy conducted by Amsterdam University
of Applied Sciences [15] in 2016—2017
confirms the possibility of using electric
bicycles instead of cars for 10—15 % of intra-
urban cargo transportation. The most promising
areas are food transportation, courier and mail
delivery, retail trade in non-food products, and
services.

Labor costs can be considered among
potential constraints when using electric
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Pic. 3. Model of replacement of low-tonnage trucks with electric bicycles. Compiled by the authors on the basis
of: Nocerino, R., Colorni, A., Lia, F., Lug, A. E-bikes and E-scooters for smart logistics: environmental and
economic sustainability in pro-E-bike Italian pilots. 6" Transport Research Arena, 2016.

Table 1

Limitations of the use of electric bicycles for transportation of goods

Parameter Suitable for electric bicycles

Not suitable for electric bicycles

Temperature mode
transportation and storage.

+ Cargo without special temperature mode of

» Cargo with a predetermined temperature
mode (hot, cold) requiring fast delivery

Frozen products

Cargo weight Light cargo

Heavy cargo

Dimensions Cargo of small dimensions

Oversized cargo transportation is limited
by traffic rules

Movement speed Speed limit roads, busy streets

In the absence of additional speed limits
for cars or in the absence of traffic jams, it
is preferable to use a car

Number of stops on

The presence of a large number of delivery

An increase in points along the route

the route points on the route, since it is easier to park a | leads to an increase in mass or volume
bicycle of the cargo. To use a bicycle, it may be
required to limit points on the route and
use an intermediate storage location
Distance Short distance between points of unloading At large distances between points,

comparative effectiveness of a bicycle
decreases

Availability of parking | * Shortage of parking space.

unloading point.
+ High cost of car parking

 Lack of possibility to park a car directly at an

The presence of a special entrance for
cargo/courier transport to the unloading
point increases the unloading time

Compiled based on City logistics: light and electric LEFV-logic: research on light electric freight vehicles.
Amsterdam University of Applied Sciences. | Electronic resource]: https://www.amsterdamuas.com/car-technology/
shared-content/publications/publications-general/city-logistics-light-and-electric.html. Last accessed 21.07.2019.

bicycles as an instrument of urban logistics,
since the model of replacing low-tonnage
trucks with electric bicycles implies an
increase in the number of personnel involved
(Pic. 3).

In this case, the increase in labor costs and
potential costs for organizing a temporary
storage warehouse should be adequately
compensated both by reducing the variable
costs associated with operating the fleet, and
by reducing delivery time and improving quality
of customer service. In addition, in areas of
limited traffic, areas with restricted capabilities
for loading and unloading, in zones with the
absence of parking space or with expensive
parking payment, time savings can be especially
significant.

The implementation of such models of use
of electric bicycles on a mass scale in the
territory of Moscow is limited by both
insufficient connectivity of the existing bicycle
infrastructure [3] and the current regulation in
the field of traffic. In particular, the issues of
fixing violations of traffic rules by bicycle
drivers, liability insurance for bicycle carriers,
the possibility of electric bicycles traveling via
pedestrian streets and streets with restricted
traffic remain open. Excessive workload of the
existing bicycle infrastructure can also become
a potential problem if it is actively used for
commercial transportation. Nevertheless, such
work schemes are being actively implemented
in many cities, especially regarding logistics of
the last mile. So, in Hamburg, weColli team



created a mobile application that allows
logistics companies to place orders for
transportation of goods by electric bicycle
carriers [16]. In many cases, this made it
possible to reduce the delivery time since
carriers use the bicycle infrastructure, which
frequently exists outside of highways, and does
not depend on traffic congestion. International
companies UPS and DHL are actively testing
various models of electric bicycles to choose
the most effective options for use as the last mile
transportation in large cities [16]. They are
prompted to make such a decision not only to
reduce delivery time during peak hours, but also
to follow the global trend to reduce harmful
emissions into the atmosphere, due to which
«Clean Air Zones»® have appeared in some
cities in the USA, where cars using traditional
fuels are not allowed. However, the use of
electric bicycles for logistics of the last mile has
its limitations: certain categories of goods or
route features do not allow to obtain additional
benefits provided by electric bicycles (Table 1).

As can be seen from the Table 1, the use of
an electric bicycle in the logistics of the last mile
has several features and requires construction
of an appropriate operation chain. The
formation of routes should consider the features
of this type of transport and requires the use of
appropriate software to consider the
characteristics of the cargo, route, current data
on traffic congestion. The authors of the study
conducted in the Netherlands [15] noted
several additional disadvantages of electric
bicycles, particularly battery charge time, lack
of infrastructure for recharging, uncertainty
of the legal status of cargo electric bicycles
relative to other road users and pedestrians,

¢ Clean Air Zone. [Electronic resource]:
https://en.wikipedia.org/wiki/Clean_Air Zone. Last
accessed 21.07.2019.

and insufficient width of bicycle lanes for
comfortable maneuvering.

Despite these shortcomings, the share of
electric bicycles in urban logistics in European
cities is increasing. Already, the accumulated
experience of large logistics companies, as well
as the results of experimental studies have shown
the undoubted advantages of electric bicycles as
of an alternative urban transport. The increase
in the length of the route, the possibility of using
an electric bicycle by wide strata of residents of
megalopolises, development of technology to
increase mileage without recharging and reduce
cost and price of electric bicycles explain the
growing popularity of this type of transport
among cyclists and potential consumers. From
the point of view of using an electric bicycle in
logistics of the last mile, its advantages in
maneuverability, speed of movement in city
traffic, and the possibility of traveling to
restricted traffic areas represent great
opportunities for transporting small loads, goods
with a limited shelf life and limited time of
transportation, goods requiring urgent delivery.

Conclusion. The development of bicycle
transport, equipped with electric motors, is a
promising area for improving the transport
system of the city. These vehicles can be used
to travel long distances, which is especially
important for a growing city, proceeding with
inclusion of new territories that do not have a
dense and developed transport network, as well
as for delivery of small loads. However, the use
of vehicles with electric motors requires
creation of special transport infrastructure
facilities, which include dedicated lanes,
separate from pedestrian and car flows. Even if
allocated lanes exist, systematic monitoring of
compliance with traffic rules by cyclists using
electric motors is necessary, since their mass is
much higher than that of mechanical bicycles.
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That is, when moving along lanes combined
with pedestrian traffic (at a speed of less than
25 km/h), the damage caused by a collision
with a pedestrian can be significantly higher.
These conditions are mandatory to ensure
safety of pedestrians and participants in traffic.

The effective use of electric bicycles also
requires:

1) presence of battery charging stations and
a system for disposal of used batteries;

2) reequipment of special parking spaces for
temporary and permanent storage of bicycles
and installation of a vehicle safety monitoring
system;

3) control over technical state of vehicles;

4) speed limits for electric bicycles and
scooters in recreational areas.

The variety of models of electric bicycles
and scooters requires development of a service
network for repair and technical inspection of
a vehicle. On the one hand, all these activities
are costly. On the other hand, they can
contribute to economic development of the city.
The most appropriate in this situation is public-
private partnership, in which the responsibilities
of the city include development of bicycle
infrastructure projects (with a payback period
of at least 3—5 years), while small and medium-
sized businesses ensure implementation of
these projects.
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CAMbIV A0OJITUN CE3OH
BEJIONPOKATA B MOCKBE

0JIb30BATEJIN BEJIOTIPOKAaTa COBEPIIVIN
B 2019 romy msATH MIWITMOHOB TTOE3I0K —
MOYTH Ha 17 MPOLIEHTOB OOJbIIE, YeM
B 2018 rony.

B cBoii ceapMoii roJl CTOJMYHBIN BeJIONPOKAT
oTpaboTaJl caMblil IOJITMI CE30H — TOYTH CEMb Me-
csueB. B 2019 romy myHKTBI apeHITBI TOPOICKUX Be-
Jocurnenos padotanu ¢ 20 arpesi, a Ha 3SUMHMIA TTe-
PEPBIB YIIUIM TOJBKO 17 HOSIOpsI, paHee OHM TaK
MO3HO He 3aKpbIBaIMCh. CEe30H MPOLIWIN, TOTOMY
YTO MO3BOJIMJIA TIOTO/IA, a TAKXKE M3-3a OOJIbILIOTrO
KOJIMYECTBA MPOCHO, TIOCTYMUBIIIMX OT MOCKBUUEIA.

CronmyHast cucTeMa BeJIoNpoKata — OIHA U3
caMbIX JUMHAMUYHO PACTYIIMX B MUpE. 3a TIATh JIET
MaciuTab mpoekTa BbIpoc B jaBa pa3a. B 2015 romy
cranumii obuto 300, a Benocunenos — 2600. B atom
ToJy ropoxkaHaM ObUIM JOCTYITHBI 528 cTaH1uii 1 60-
Jiee 5,5 ThICSYM BEJIOCUIIENOB B Pa3HBIX paiioHax
ropona.

Kapra cambIX MOIyJISIPHBIX PaiilOHOB BEJIOIIPO-
kata B 2019 rogy BkIIOUaeT pailOHbI XaMOBHUKH,
Tsepckoii, [pecHeHckuii, OcTaHKUHCKUI, Mapbu-
Ho, OuakoBo-MarBeeBckoe, HararuHckuit 3aToH
u JledopTtoso.

[eposiM1 MMHYBILIETO CE30HA CTaJI JIBa ITOJIb30-
Baresist. OnmuH U3 HUX Tpoexai 6ojee 10 Thicady Ku-
JIOMETPOB — 3TO PACCTOSTHUE JJTMHOI OT 3KBATOpa 10
OxHoro nomoca. JIpyroii mojib3oBaTe b Opajl BeJIo-
cunen 3300 pa3 — B MPOILLJIOM TOLYy MOCKBUY YCIIE]T
2,5 TBICSIUM pa3 BOCIIOIb30BATLCS TTPOKATOM.

CTONMYHBIN TIPOKAT — OAWH M3 JUACPOB T10
YPOBHIO BOCTpeOOBAHHOCTH CPEIU KUTEJICH: B CpeI-
HeM B MockBe npuxonutcs 6,1 moe3nku Ha OauH
BEJIOCHUIIE] B CYTKM, UTO O0Jiee YeM B [iBa pasza 00J1b-
11e, yeM B JIoHIOHe — OJHOM U3 TOPOJOB-TUIEPOB
10 TIOMYJISIPHOCTH BeJiolipokaTta. B GpuraHckoit
CTOJIMIIC Ha OIMH BEJIOCUTIC B CPETHEM IIPUXOIUTCS
2,6 TTOE3 KA.

CpenHee BpeMst TIOe3KH IPOKATHOTO BEJIOCUTIE-
na — 27 MAHYT.

PacTér monynsipHOCTb 371€KTPOBEIOCUTICOB.
B aTom roay Ha HMX coBepIlieHO 125 ThICSY ITOE3I0K.
Ceituac B roposie MoxHoO B3sITh Haripokar 429 a1eKT-
POBEJIOCUTIENIOB, a B CJICAYIONIEM TOy KOJTMUECTBO
YBEJTMUUTCS TTOYTH B IBa paza — ux oyner 729.

B cnenyroiiiem rony raHupyercst 100aBUTD e11E
100 ctaHuMii U THICSYY BeJocUIienoB. Takum oopa-
30M, BEJIOITPOKAT Oy/ieT paboTaTh Ha BCeil TEPPUTO-
puu ropona. CrieluagucThbl OLIEHAT MPeTOKESHMSI
SKUTEJICH, TIIe Pa3MEeCTUTh CTAaHITMH, a TAKXKe TIPOoaHa-
JIM3UPYIOT, Tie 1o utoram 2019 royia mpokar moyib30-
BaJICST HAUOOJTBIIIEH TIOITYJISIPHOCTHIO.

Bcero ¢ MomeHTa 3armycka «Benobaiika» B cucte-
Me 3aperCTPUPOBATIUCH OMUH MIITMOH 600 ThICSY
yesoBeK. B co3HaHMM MOCKBUYEl Beslocuries cei-
Yac — 3TO TOIYJISIPHBIA Y TIPUBBIYHBIN CITOCOO J10-
Opatbcst U3 OTHOM TOUKU B IPYTYIO.

Brnaromapst passuTHio mpokara BeJIOCUTIETACTHI
B MockBe CTaHOBSITCSI aKTUBHBIMU YYACTHUKAMU
IBUXeHUs1. B cTonuile MpoBOAsiTCSl TOPOACKUE
BesnodectuBanu. Tak, Ha 2020 roa yxe 3ariaHu-
POBaHO TPU MOIOOHBIX COOBITHSI.

Habupaet 060poThI ITpoOKaT caMOKaToOB, KOTO-
phiit oTKphIIcs B Mockse B 2018 romy. B aTom romy
0osiee OTYMWUIMOHA TTO€3[0K COBEPILUWIIN MOJb-
30BaTeJIM ITPOKaTa. DTO MOUTH B UEThIpE pa3a 00J1b-
e, 4eM roioM paHee — TOrna caMOKaThbl Opanu
140 Teicsu pa3. 3a Bpemst pabOTbl CEpBUC 3aBOEBAT
TIOMYJIIPHOCTh Y MOCKBUYE — TIOE3IKU B LIEHTPE
TOpOJIa CTAJIN YaCThIM siBieHreM. Beero B cuctemax
OIepaTopoB 3apPerMCTPUPOBAHO 0KOJI0 350 ThICSY
M0JIb30BaTeeH.

ITo marepnanam odumaabHOrO caiita Mapa
Mocksst: https://www.mos.ru/news/item/
65374073 /?utm_source=search&utm_term=serp ®
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