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Module 4c: Two-and-Three-Wheelers — A Policy Guide to Sustainablaliy Solutions for Motorcycles

|. Introduction

Should we prioritize two-and-three-wheelers to improve the sustainabjlizf urban transport
systems?

Two-and-three-wheelers pose some of the most serious = ¢cZ—a«Z A6~ Z AU 60 A— ~cal RBR—¢saCx» «
unresolved questions within the context of sustainable 6 —6C« Ca% ¢° B¢ ¢dCU « ¢Z—a«Z Ao~ Z AL
urban mobility. Currently, two-and-three-wheelers as spontaneous as it was unplanned. Considering high

constitute close to 30% of total motorised vehicles durability of such vehicles, policies today will affect the

worldwide. In middle and low-income cities such as next twenty years. Building a case for early intervention,

Saigon, Colombo, and Dar es Salaam, their shareis much™ » 60 —CR ¢ U0~ ¥A ¢ A" 6¢U ™ ¢° c¢Z—a«?Z
higher, varying between 50% and 90% depending on  wheelers in urban mobility more generally. Next, we
socio-economic characteristics. However, the recognitiorturn to externalities caused by two-and-three-wheelers
of two-and-three-wheelers in transport policymaking has and identify recent changes in the respective policy
seen a slow start. Over the past decades, policymakers agenda. We then summarize the most important policy
have struggled to understand the role of motorised two- conclusions and highlight key priorities. Our conclusion
and-three-wheelers in urban aread his led to a crisis of is that with increasing income, modernization of urban
policy, regulation, and implementation. transport does not require the complete elimination of
two-and-three wheelers. Rather, these vehicles need to
This module aims to provide policymakers and advisers be appropriately integrated within different means of
in middle and low-income cities with the most updated transport. As two-wheelers in particular hold a strong

information on the challenges, issues, policies, and potential to be used via digital mobility service, they

regulations related to two-and-three-wheelers. We could become key facilitators of long-lasting structural

start with a discussion of the present situation of two-  and systematic changes in shared mobility services,
and-three-wheelers in middle and low-income cities. TUT¥ 6C»¥— Cca7 —a« — cacBR¢ U «86C Cae8

Despite policymakers’ best efforts, challenges posed




ll. Two-and-Three-wheelers’ role In
Urban Transport Systems

“Two-and-three-wheelers provide access and mobility to disadvantaged grdups

Close to half of the global motorised two-and- Three-wheelers include small taxis usually carrying up
A2 AU 8 % ¢6 6— 0 Ca ©6o—tathred pasaengers.cThese include Auto-Rickshaws in

wheelers include mopeds, and motorcycles. They are  India, Baby Taxis in Bangladesh, Tuk-Tuks in Cambodia,

predominantly used for personal transportation, though Guatemala, South Africa, Sri Lanka, and Thailand,

in Bangkok, Hanoi and Jakarta in Asia, Rio de Janeiro, Tricycles in the Philippines, Bajaji in Tanzania, Bajay in

Bogota and Caracas in Latin America and Nairobi, Dar etndonesia, and Mototaxis in El Salvador. Larger vehicles,

Salaam and Yaoundé in Africa - motorcycles are also usedch as Tempos in Bangladesh, Nepal, and India carry as

in paratransit modes. Two-wheelers also rapidly gained many as ten passengers.

importance as urban freight delivery vehicles.

“»aC Cca ¢° i ¢Z—a«ZiGategorylll motorcycle:has an engine
displacement of no more than 125 cc, a
maximum speed greater than 45km/h, and a

SourceRegulation and Design of Motorized and Non- maximum weight greater than 65 kg.

.PUPSJ[FE 5XP BOE 5ISFF 8IFFMFST Jd: Eafegpry!\smaioreygiehas an engine
displacement of more than 125 cc.

A motor three-wheeler rickshaw is any three-
wheeled vehicle propelled by a motor, generally
used for commercial transport of passengers.
Motor rickshaws are subdivided into three

¢ ", —UuC¥
AT U 60 Ca A ac¢ 6¥ accO

1. A bicycle is any two-wheeled vehicle, propelled 4.
only by manual pedaling. In this publication,
we consider electrically assisted bicycles, or
electric two-wheelers, not as bicycles but :
as ultra-light motorcycles (see category | categories: .
motorcycle below). a — (66 2 Bc coMEX¥OUA—

2. Acycle rickshaw is any three-or-four-wheeled maximum speed of 20 km/h, a weight
passenger- or load-carrying vehicle propelled U —a«—0«

¢ 8 « »a «7 —a« B0

only by manual pedaling.
A motorcycle is any two-wheeled vehicle
propelled by any type of power other than
pedaling (including but not restricted to
internal combustion engines and electric
motors). Motorcycles are divided into the
following sub-categories:
a. Category | motorcyclegor ultra-light
moped):has a maximum speed of 20 km/h,
maximum weight of 40 kg, and meets
the most stringent air quality and noise
standards.
b. Category Il motorcycle(or moped)has
an engine displacement of no more than
50 cc, a maximum speed of 45 km/h, and a
maximum weight of 65 kg.

stringent air quality and noise standards (to
o « »a «..8
b. — ¢¢c6 22 R¢ ¢ohas@¥OuA— ;
maximum speed of more than 20 km/h but
less than 45 km/h and a standard weight yet
¢ B « »a «8
C. — ¢c6 222 Rg cha$&L¥OuA— ;
maximum speed of more than 45 km/h and a
R— CR B "GC¢A A— A

A—1 c

In this module, we generally refer to two-and-
three-wheelers as of type 3 and 4 and make explicit
reference to 1 and 2 types where required.

A



Two-and-Three-wheeler mobility depends on Due to the quick manoeuvrability of two-and-three-

affordability, manoeuvrability, and door-to-door wheelers, they incentivise riskier driving behaviour and

accessibility. In middle and low-income cities, two- AT6 o ¥6 — T — GCcaC»¥—a U AC¢A 6 6Cu0 «
—a«Z A7 Z ATTUTH0 ¢°°78 GC¢ aC»¥—Farthermérde, twaari-thrée«wheelers are appearing in

faster travel compared to public transpdifable 1) ever-greater numbers, which creates a rivalry between

Two-wheeler transport modes, in particular, provide a them and other modes of public transport. In many large

AC¢A U™ U ¢° 6¢ ~ —a« U¥A « UCacities, qublic Wapsportby busdes-is@of pbssible anymore,

low operating costs. They also guarantee increased because streets have become too crowded by two-and-
T—0T ¢ —¥¥ U0 —a« R—ac¢~ 6—naC U hreeGrvhie¥lers Driversof tive-she ¥rBee-wheelers are
Recent surveys in Latin America corroborate this point also more vulnerable to sun and rain. Nevertheless, due
as they indicate that two-wheeler ownership is linked to to the perceived unattractiveness of public transport
enhanced employment opportunitiésHowever, two- services, people increasingly use two-and-three-
and-three-wheelers pose challenges of their own to the wheelers despite noticeable disadvantages such as
implementation of fully sustainable mobility concepts. exposure to sun and rain.

Route Flexibiljtgchedule Flexibilityase of AccegsCapacity| Speed | User Cost/k
Metro ™ 1 ™ 1 ™ 1 @ 3 @® 3 @ 2
Bus ™ 1 9 2 ™ 1 ® 3 @ 2 ™ 1
Taxi 9 2 D 2 d 2 ™ 1 @ 2 9 2
Car ® 3 [] 3 I ™ 1 @ 2 ® 3
Three Wheelerl@ 2 @ 2 @ 2 @ 2 @ 2 @ 2
Two Wheeler (@ 3 [] 3 ® 3 ™ 1 @ 2 ™ 1
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Two-and-three-wheeler mobility has numerous
distinguishing characteristics. There is also great
variation across cities. This type of mobility is considered
both a main mode of transport and an intermediate phase
before commuters switch to passenger cars and public

mobility needs of low and middle-income people. The
following examples illustrate this point:

a) In Phnom Penh (Cambodfafwo-wheelers and

transport.

The length of two-wheeler trips lies in between the
length of walking/cycling/bike sharing and public
transport/motorised four-wheeler modes of transport.
However, the number of two-wheeler trips taken in

cities depends on several factors such as public transport

accessibility and the quality of pedestrian as well as
cycling infrastructure. A survey undertaken in Pune
shows that two-thirds of riders of two-wheelers relied
on public transportation prior to switching to two-
wheelers. The same study found 80% of respondents
to be interested in purchasing a passenger car in the
future. In cities with poor public transport, walking and
cycling facilities as well as two-and-three-wheelers play
— 0C¢aC»¥—a o6c¢cU™ Ca

6—au6¢o U G

para-transit services such as Motodop (motorcycle
taxi) and Motorumok Modern (tuk-tuk) account for
the vast majority of person transits in the absence

of reliable public transport services (city buses are
operated only across three major routes). Here, 48%
- 80% of all trips taken between 1 and 20 km are
made by two-wheelerqFigure 2)

b) While public transport infrastructure was virtually

absent in 1990’s Hawassa (Ethiopi@) UC ¢ aC» ¥ —a
investments during the 2000’s dramatically

improved the road infrastructure of the city.
Meanwhile, the city’s population increased

from 150.000 to 250.000. Here, improved road
infrastructure had been one of the main drivers for
growing numbers of two-stroke three-wheelers.
BRtiveen00B and¥8413, the gumber of three-
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wheelers increased from 57 to more than 2400. are attracted to two-and-three-wheeler taxis
Three-wheelers constituted most of the public because of their short waiting times (>50% of
transport trips as minibuses were not able to respondents), reliability (18%), comfort (11%), and
compete with three-wheelers in terms of speed, affordability (6%6) A further 8% of respondents

CR™7 —a« ¥clU "°»¥C a¥ 8 i 6C¥—U Sstatéd thAtGheeas ao other alternative mode of
¥C C 07 A6 Z AU 60 6 6°COR A~ tragspok Qralabl®dcU ™ ¢°

7 ~ A__AT1A P N N — sl T s A A ~ — A A AL
This (;{a\?e?i)prr?ent i lusrated b)l/J theA facct ?hat/2 “d) Astrley ifwoiving 4,500 e risrmroughout
Ethiopian imports of three wheelers increased from ﬁ)séaerﬁx;fﬂ\e,géhgtl& poidrzzgl)ann dz?]\t/;r(v)vr;lrlnsehr:;f tf;“l

6.920 in 2012 to more than 75.000 in 2816 other modes if they can afford them. 25% among

c) Two-and-three-wheeler taxis constitute the main the respondents stated their intent to switch to cars
mode of urban public transport in Nigeria as well. while 13% preferred two-wheelers. This aspect is
zZACU ¢°»¥C—U 6 sUC¥ 6—anocd owdrrying-a¥ Manahogsehblds in middle and low-
for 13% of trips, informal public transport services income cities have reached a threshold income at
provided by two-and-three-wheelers make up a which two-wheelers become affordable.

share of 51% Survey research shows that people

100%
w )
80
70%

=x

xR

60%

50%

40%

30%
I

Phnom Penh Trip Distribution

20%

[
10%

0%
1 2 3 4 5 6 7 8 9 10 15 20

Distance (km)

Walking  ®Bicycle Motorbike M Para-transit ®Car M Public Transport



10

Sustainable Transport: A Sourcebook for Policy-makers in Develdqiiies

In cities with a high density of public transport facilities, trip modes, two-wheeler trips make up for 6% to
¢cZ—a«Z A6 Z ATUT60 G CUU 6U— — 19% gfidal ¥ips dlepérgding on public transport

—0 AT ¥— T8 ¢ AT »80 —a« U—0 ¥c¢aacessiGiity RCU™

connectivity in such areas. They also satisfy the mobility

needs of people in areas of poor public transport

accessibility. The following examples provide more

evidence for these phenomena:

¢) In Hanoi (Viet Nam), 94% of households have access
to two-wheelers. Here, two-wheelers are mainly
used for shorter trips, i.e. 87% of two-wheeler trips
lie within a distance of 10kkwith an average trip
length of 5km. Buses predominantly cover longer
a) Bangalore has one of the highest public transport distances with an average trip length of 12 km
densities in India, however, the share of two-and- (Figure 3)
three-wheelers has remained consistently high for
the last two decades. Here, 44% of households own
two-wheelers. Two-and-three-wheelers are used
predominantly (70%) for trips ranging between one
and ten kilometres. For trip lengths exceeding 10
kilometres, buses are the main mode of tratel

b

~

In Nashik (India), survel/revealed that two-
wheeler ownership and use is prevalent in zones
with poor public transport accessibility. In middle-
income neighbourhoods, the average two-wheeler
household ownership varies from 56% (good public
transport access) to 78% (poor public transport
access). In terms of its share among different

100%
‘m
80%

70%
60%
50%
40%
30%
20%

0% B D E——

Bicycle Motorbike Taxi Car Public Transport

Hanoi Trip Length Distribution

W] ¥1-2 W2.5 W5-10 H]10-20 ®>20km




The role of two-and-three-wheelers in urban freight For example,

distribution has become increasingly widespread. This ® In Curitiba, nearly 10% of registered motorcycles are
poses a challenge for cities, as such freight movements  used for urban freight distributich

are emission intensiv@igure 5)Urban freight differs
substantially concerning the size of shipment and
the size and type of the vehicle used for deliveries.
*0¢ Ca¢g O0—O°»¥ ¥ca¢ U Cca ¥ca 6Co °aBapgkdk, tetdl wehible kilometres travelled by deli

® In Chennai, establishment surveys revealed that two-
and-three wheelers carry out 44% of freight tfips

of motorcycle delivery services with two-and-three- very motorcycles sum to almost 4.6 million per Hay
wheelers. Their share of total freight deliveries will Here, the average trip length is about 6.3km for which
therefore continually rise over the coming years ¢Z ATUTB0 —d RBgl ©°»¥Ca C A 6 ¢—od«

and costs spend for delivery

® In an average European city, half of all motorised
freight trips could potentially be shifted to non-moto
rised two-and-three-wheelers.

11
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Average Global Freight Mode Emission Factors (gCO2/t-km)
min max average
Two Wheeler Gasoline/Urban (5 to 100 kg with average of 10 kg) 600 2000 4300 l
Electric (5 to 100 kg with average of 10 kg) with 700 tCO2/Kwh 400 1400 900
Gasoline 150 1200 675
Three Wheeler/Mini LCV |Diesel 130 1000 565
Electric 90 900 495
LCV (Light Commercial |Diesel 70 300 185
Vehicle)
Electric 50 250 150
2010 Stock Average 270 490 %
New Medium Duty Diesel 240 370 3
Trucks Diesel Hybrid 180 270 225
CNG 200 300 250
Electric 50 170 110
S B - 2010 Stock Average 76 180 128
e et Diesel 70 130 100
Long-Haul Trucks NG P 0 35
Electric 15 45 30
Diesel, light goods 26 33 30
Rail (freight train) Diesel, heavy goods 18 25
Electric, 200g CO2/kWhel 6 12
- — |2010 Stock Average 550 740
Avigtion (commercial, [5oy;00ed Airerat 500 | 820
long haul)
Belly-hold 520 700

¢ ¢0C Ca¢ Z¥GRRO¥ ™7 6—°»¥ ¥{.3persoseartrip, which compares closely to the
restrictions for urban freight distribution, and limited on average occupancy for car trips (at 1.8 persons per trip).
street parking at destinations, two-and-three-wheelers Considering that an average two-wheeler occupies only

are gaining popularity in urban freight distribution about 25% of the round space of a car, motorcycles are
for small and medium enterprises. The Mayor of AT RBglU "©°»¥C"a 0 060 ¢° 6¢g—« UO—¥ —RBg
London’s 2017 draft transport stratetjypromotes a vehicles. Increased usage of two-wheelers thus leads to
so-called“Healthy Streets Approachuggesting that reduced parking space requirements while curbing the

¢Z ATUT60 UAg U« 6U— — 0C¢ aC »demand foradditignal idadsZ In the short run, high levels

impact freight and servicing trips. Ultra-low emission of motorcycle usage may therefore not appear as an

motorcycles play a key role here, as they replace trips immanent problem, especially in smaller cities. However,

otherwise carried out by lorries or vans. Ca AT Ca B8R «C— ~ —a« Uga¢ 6 a7 — GA™
dependency’ (i.e. exponential increase in two-wheeler

2a 06RO ¢° AT 6—°»¥ R—a—¢ R a Ownerdhip-aad usé) canldead to intolerable congestion,

two-and-three-wheelers typically operate within a high accident fatalities, high levels of fuel consumption,

speed range from 20 to 30kmfirigure 6)ndicating and increased air pollution.

a high potential for vehiclé$(category | and I1)

operating with smaller engines and at slower speeds.

World Bank surveys in Bangkok, Hanoi and Jakarta have

estimated the average occupancy of two-wheelers at
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In many cities, two-and-three-wheelers are becoming theA global analysis by the Institute for Transport and
victims of their own success as their movement becomesDevelopment Policy (ITDP) in 2Ct4ndicated that

Ca¥o6 —0Ca¢U 670 6C¥ "« ¢ U6 ¥Cr»EooP«eglO ¥ ax Uc¥ZCa¥gR ™ ¥C C G 6

by high externalities. In many of Colombfa’karge cities  improve public transport quality and infrastructure while
(e.g. Cali, Cartagena, Cucuta, Ibagué, Medellin, Neiva, maintaining safe and comfortable pedestrian and cycling
Riohacha, and Pasto) for example, motorcycle taxis havdacilities, they would have the potential to substantially
been temporarily and/or partially prohibited. In some reduce motorised two-wheeler passenger activity and
cases, the occupancy of such taxis is restricted toonly A 6 & 6 « ¥~ = "6a—UC C 07 0 ¥A —u
one passenger due to personal safety concerns (burglarsand high levels of emissioiiBigure 8)

sometimes use motorbikes in pairs). Stating road safety

reasons, Malaysiahas banned the use of motorcycle taxi

hailing services. In Mania motorcycles are prohibited

from service as public vehicles and passenger transport.

80%

art A:EJTO% 6?%‘ 68%

Ser

Travel
S
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l1l. Future Growth of Two-and-Three-
Wheelers

Will Motorcycle ownership shrink as we become rich?

Global estimates of serviceable two-and-three-wheelers 7% in many middle and low-income countries including

in 2010 range anywhere between 408nd 708 Bangladesh, India, Indonesia, the Philippines, Myanmar,

million vehicles. This number is hard to estimate due to the Maldives, Nepal, and Sri Lanka. Thus, the current
a6 UC—oU™ 6 ¢CG 6— Cca u — Cu GSyogkaf pre-and-firgeavheelersaseexgegted to double

used for such vehicles across different countries. Experts, 0 » —00 Ca B—a ¢° AclU ¥¢c a 6C u8

Ac 7~ 7867 —6~ 6 —0ca—oU ¥ca»« a A— ;
The economic crisis of 2008 triggered a renewed interest
) in motorised two-wheelers among high-income cities.
a) In 2015, motorised two-and-three-wheeler sales | garcelona, for instance, the number of motorised
in China and India exceeded 40 millib(excluding ¢y o-wheelers has increased by 36% during the past eight

electric two-wheele_rs). Asia now accounts for 95% years. Currently, motorised two-wheelers constitute
of the gl_obal motorised and electric two-wheeler  5,,5ut 26.5% of all motorised trips théte
productior?’

b) Middle and low-income countries in Asia hold the ~ Given that the density of two-and-three-wheelers is
world’s highest density of two-and -three-wheelers, alréady high in many middle and low-income cities,

both in absolute terms and as a fraction of the ownership levels might become saturated or even reduce
¢ 6—UU 06 C¥ —alU~ %~ 8 2a Rrasincame leyeig rige. Hewever experience from India
two-and-three-wheelers constitute most of the indicates that two-and-three-wheelers may continue to
Bec ¢6CU « “AC¥U™ % 8 )c6 ~ — RPAYayingpgrtantrolg furap transport. The National
and Hanoi, two-and-three-wheelers make up Transport Development Policy Committee (NTDPC)
—666¢c CR— U &~ —a« ;e—~ ¢o ebtablishedjy thetnggan Government recognized the

) 6 AT6Rc6 7 ¥C C G UCO™ yc a cralgoftwoyandghreeppeelgrg within urban transport

accommodate more than 50% of their respective ~ Systems. It has recommended desirable modal shares
¥¢c a4 6C 4T ¢Z —a« Ao~z AU fergifferegt city sizes based on trip length distributions
among urban areas in India. Among all trips, two-and-

Over the past two decades' two-and-three-wheeler three-wheelers hold shares ranging between 11% and
%0 A— T T 6—a« « — —a —aa — U 3% dgpengdingson the cityssideéigure 9)

15
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)—¥ ¢c60 Ca'e awpacgt | Description

Gc ¢co6¥ ¥U™ N ajouAco
Growing Congestion +++ | Motorcycles are highly effective in congested environments
High Fuel Economy +++ | /CoA Rg ¢c6¥ ¥U™ © "U "°»¥C a¥ 6 « ¥ 0 06— TU ¥cu 0
Standards
Growing Income +++ | Ownership of motorcycles grows twice as fast as income at middle-
income levels (from USD 3,000 to USD 10,000) per capita
Low Ownership Costs +++ | Ownership increases due to low ownership cost
Available Parking +++ Can be easily parked anywhere in an urban environment
Short Trip Length +++ | Gg ¢cO¥ ¥U U —6~ ¥caAlC« 0 « B¢l ~©°°°¥ C ~°%6 6 ¢
Gender and Population +++ | Younger males are more likely to use motorcycles than females and older
people
Road Infrastructure ++ 2R66¢ R4 Ca 6¢c—« Ca°d6—u 6 ¥ 6 6¢c@€ C U Ccawn
Improvement
Household Size (high) ++ Increase in household size leads to higher ownership rates
Low-cost Financing ++ — U0 »a—Aa¥Ca¢7 GGR™ CR™G C A "o6¢c 6°6¥ a|Ca 06«
Low Maintenance Costs ++ Motorcycles have low maintenance costs
Low Taxation ++ Motorcycles are taxed lower than other modes and they do not pay for

their external costs
ZTOR T —uCUC ¢° |6—=+%»¥ /IC,A R—ag” 6—aCUC ,6¢UC C U ... Ca% "a¥ uc¢ a~
system

High Public Transport Fares + IC6A™8 6 aUCY¥ 6—au6¢d °—6 0 6¢cuC C U [Cave ~a¥”

High Fuel Prices + IC¢A ° 7U ¥¢U 0 6¢cG4C C U Ca¥ "a¥ ¢ a 6uACcé

High Density and Diversity of - High density and diversity of land use reduce motorcycle ownership

Land use

Growing City Size -- As city size increases transit becomes more effective for longer trips,
leading to a reduction in motorcycle ownership

High Quality Bike Lanes -- Cities with high quality bike lanes have lower motorcycle ownershigsrat

Weather Exposure to sun and rain reduces motorcycle use

a u¥ 6 cacUC ¢°% ©&— °»¥Higher probability of accidents
system to accidents

Congestion Charge Road pricing and congestion charges reduce motorcycle usage
Vehicle Quota System - Prevents easy access to motorcycle ownership
Good Public Transport Improvements in transit services can reduce the number of motorcycles

Accessibility & Quality
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Box 3: Motorcycles in Latin America

i¢cZ AU 6 ¢ A 60AC6 —a« 0 Ca A— Ca R YC¥E-Ua €@ @ ¥ & — 10— @82 aIC¢@TM» U C
A6 ¢CcauaT ¢ —U % uC ~ — —ua¢ -“RCUUCca Rg ¢co¥ ¥U 08

Factors contributing to the rise in motorcycle use in Latin America inclijdecreased per capita incomes, ii) low

¥cU ¢° Rg ¢cO6¥ ¥U U7 CCC... Ca° 6Ccd 0 0 Q¥ ¥g° ©-A67 0—BQécHC REG « 70 FP—2»¥ ¥

iv) motorcycle transport as an important source of employment andhielimobility, v) motorcycles as a means

c° —¥AC Ca¢ Ug¥C—U G — 07 C.. 06-CT@OgH €2 NCO Z°TE.CaHOCH« ¥ 7

vii) motorcycle culture.

17
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The main drivers of growth in global two-and-three- grow linear, before reaching saturation at the highest
wheeler usage include growing urbanization, rising per levels of income. Given that it is much cheaper to buy a

¥—0C — Ca¥cR 7 AC¢A 6—°»¥ ¥¢a, motdgaydd than@¥a1080 USHG/E 16,000 USD), income

of public transport systems, economic opportunities growth affects motorcycle ownership stronger and faster
provided by two-and-three-wheeler-reliant jobs, than car ownership. Projections under a business-as-
and rapid expansions in road infrastructure. Current usual scenario indicate that by 2050, the global two-and-
research’ indicates that vehicle ownership does not three-wheeler population will increase to a total between
grow linear compared to income increases on all income 1.3 Billior#® and 1.7 Billioft vehicles (Category Il, Il and
levels. Ownership grows relatively slowly whenincome 2y ..8 iA- U— "G 6 U —O0¥A ¥ca»oBU
increases at the lowest levels of per-capita income. rise, two-wheeler usage may not necessarily decréase
Ownership grows about twice as fast as incomes at over the next 3 to 4 decades.

middle-income levels (from USD3,000 to USD10,000 per
capita). At higher income levels, ownership and income

V. Externalities of Two-and-Three-
wheelers

“Two-and-Three-Wheeler users should be charged for the external costs of thips”

High densities of motorised two-and-three-wheelers depending on the time of travel, route of travel, city
Ca d6w—a —0 —0 6¢U” U 6Cc U 0 6 — QpdogyainfrastruetUr&quality mdstandards, vehicle

congestion, energy consumption, carbon emissions, occupancy, and vehicle characteristics (e.g. EURO
air and noise pollution, and road safety. During the standards for pollutant emissions), as well as fuel type
U—0 Abd « ¥—« 07 A~ 8 U— Ccauand quality. Foreexamaleptwin-wheelers with engines

and externalities of two-and-three-wheelers has been  between 50 and 100 cc have a very different energy

A— _

analysed from a policy perspective in middle and low- ¥cau RO Cca 606¢»U ™ ¥cRO—06 « C A o7 ¥¥ °

income countries. Drivers of urban transport policy wheelers. Similarly, crash rates, crash severity, and two-
include congestion, air pollution, and road safety. Duringwheeler congestion varies by the speed and proportion of
the last few years, stakeholders have started to prioritize A~ ¢Z A7 U6 6 —°»¥ RBC 8
the role of two-and-three-wheelers in climate change
mitigation. Each of the assumptions in the EU study should be
scrutinized in the context of Asian and Latin American
As a guide to policy makers, the European Commigsion 0 —°»¥ —a« ¥cacRC¥ a CoécalR a 8
developed a comprehensive analysis of common calculations indicate current global external costs caused
approaches used to determine the external costs of by urban two-and-three-wheelers to lie above 200
different modes of transport based on urban roads of a billion Euros“. In the light of the expected growth rates
typical EU member state. The analysis shows that two- in the two-and-three-wheeler population by 2050, a
wheeler trips generate higher externalities compared  continuation of existing policies will likely resultin a 1.6

to passenger cars (2.5x) and bus travel(@Egure 10) to 5-fold increase in externalities compared to the 2015
/¢ ~ 787 ACU R— ac a ¥ 0u—oCU olevel@gurdIp Floeas«lGstahiia contribution of two-
in middle and low-income cities. Furthermore, as and-three-wheelers to transport externalities makes a

« RBgcal 6— « v AT «»aC Ccau 006 c¢a@gmpeting aasé\for prioritigigg policy action.
section, a distinction must be made between different

types of two-and-three-wheelers. The external costs

among two-and-three-wheelers differ based on how

heavy, noisy, pollution emitting, expensive, accident-

66ca 7 —a« ° UzZCa °»¥Ca A~ TAc¥U uU —b7 8 Ggb ¢ o7

— 0CacU™ U0 ¥C»¥ Ro« ¥—a ¥— 0~ «C°°6"a -~ "d6a—UC Ccu

—¥0 ¢
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Figure 10External Costs in ESource: European Commission

Figure 11*OEJB 5XP 8IFFMFST 00O 3P BESOMde M uth@ Ay S hEsZd onMaaNtom the Society of Indian
Automobile Manufacturers
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Figure 12Global Urban Two-and-Three-Wheeler GrovAuthor analysis based on ICCT and WHO Data

Figure 135XP XIFFMFST BSF B TJHOJ*DBOU DPOUSJCVUPS UP BJS QPMMVUJPO
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Box 4: Air Pollution

The World Health Organisation (WHO) estimated that in 2012, outdoorddlinion caused about 3 million

premature deaths worldwide due to exposure to small particulate matter{@MThis exposure resulted in

higher rates of cardiovascular and respiratory disease as well ag.ceatteexposure and deaths (87% of the 3

RCUUGGa 66 B— 06 « — AUl.. G¥¥ 00 « 00ZCNGR—¥cUa 08 Wi¢ B 6adRCe¥WCU — R—
source of air pollution. Two-and-three-wheelers are growing cdnitors to rising levels of particulate emissions

(PM), particularly in Asia, Africa, and Latin America. According to pretvensive survey, 98% of cities in low-

and middle-income countries with more than 100 000 inhabitants do nottMé&g0O air quality standards.

On a global scale, two-and-three-wheelers are only a minor contribuddotal transport sector emissions.

/¢ T 787 Ca RC««U™ —a« Ug ZCA¥CR™ ¥¢ a 0%—@7 UA—&cxL dCe —U—RCEaGCepaus iA~ -
grow faster than other modes of transportt HV S F ArFdi& & for example, two-wheelers are estimated to

be respon5|ble for 78% of poor urban air quality.

iAT 6—0a C « ¥—« 0 A— T 0a — GCsaC»¥—& A6—ZUARCOR S ®ca @ga A —Cd—ac«

pollution regulations. Large proportions of two-wheelers are now powédrg four-stroke gasoline or electric

engines. In Delhi durlng the early 1990's, for example, most two-whest#d had a 2-stroke engine. Two-

0§ 6¢O0” Ta¢gCa TACY¥U 07 Ag ~ 767 TBRC U€;agHh—a (U— AQCAE B ¥eBG—-avdl«e ¢ A~ °¢ 6
stroke variety. During this period, unburned lubricating oil wasaasgble for 80% to 95% of total 2-stroke PM

emissions. Therefore, the high penetration of two-stroke vehicksame a major air pollution challenge in the

mid-1990’s. Governments began to promote 4-stroke engines by tighgetwo-wheeler emission standards.

Consequently, the share of 2 stroke englnes reduced from 80% in lateéslt®%bout 6% in 2004. Current

70 6¢O TACY¥U™ 6C¥—UU A— ~ —a a,8a060G-Rgas, A "“«¥“AY¥YU A %66 tUC U
below 5%.

Taiwan provides another example for air pollution reduction measure®, kighter emission standards for

two-stroke engines compared with four-stroke engines resulted inféecéve ban of two-stroke engine two-

wheelers.
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Box 5: Road Accidents

On roads, the fatality risk for motorcyclists is 20 times higher than for caupants. More than 350,000 people
die each year from accidents involving two-and-three-wheelersstvd these deaths occur in low- and middle-
income countries where rapid economic growth has accompaniedasereownership of two-and-three-
wheelers. Public health concerns aside, two-and-three-wheeteident injuries are a development issue as well.
Low- and middle-income countries lose close to 1.5% of GDP because of ti«thage-wheeler accidents while
most fatalities occur among young people aged between 15 and 29 years.dltienpiis most severe in South-
—u UC— —a« A7 z70 64 Z—¥C»¥7 ACY¥A —¥¥Y¥ ¥UQWH ¢-—¢00% C«8A0 —Rcay

New data has revealed that while countries have achieved progress iovimgoverall road safety, two-and-
three-wheeler fatalltles are still increasing in several regiamghé Americas for example the proportion of
Rg ¢O0¥ ¥U™ « — Au —Bgao —UU 6¢g—« 0—°»¥ °—a—-U”C} Cak 6¢U-8° Q@RI =8 —aCAL
AT GA—06" ¢° (;Z AT7U80 Ca AT ¢ —U TACY¥YU -~ « 6Gag CAY¥6—u0 «ABICR — &
aol 6 alU7 AT GA—06 ¢° B¢ ¢6¥ ¥U ™ « — AGcAA¥-EUUIBC26G RO —T» ¥ & o) — B«
i—C —a —a« iIA—CU—a«7 B¢ ¢co¥ ¥UCU U ¥ROBQE—« 0086 LR U-ULC™C —Gask G

AT e*—* a 0 —Ca—oU~ ~ "UgoéRa *¢—UUl —a« A7 “T¥l%eee® QT ICH §c—« a-
safety as a global priority. These reports contain evidenced exanmleedcessful intervention strategies aimed
— Ca¥o —uCa¢g A G—°7 ¢° c¢Z—a«Z AOUQ¥A- ©ca ¢c80—R>¥806 ¢ Ube—QLado—a2

would have great potential to save lives.
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V. Policy Options

Should we prioritize two-and-three-wheelers to improve the sustainabilizf urban mobility?

One might argue that in a middle and low-income examples of reorganizing, regulating and integrating two-
country context, two-and-three-wheelers provide a and-three-wheeler as a mode of transport within existing
more sustainable transport solution than passenger carstransport systems to achieve accessible, affordable,
Following this logic, promoting two-and-three-wheelers ~a CoécaBR a —UU °6C a«U 7 —a« °»¥C a 06—a
would delay growth in car ownership, thereby increasing main elements are important to transform the use of
AT To°»¥CTa¥Y —a« 00 —Ca—aCUC ted-ard-thrée-wadefecsinto a valuable addition to
system. However, promoting two-and-three-wheelers  urban sustainable mobility concep{Bigure 14)These
may adversely impact pedestrian, cycling, and public  elements include measures such as driving restrictions,
transport trips. Among these modes, motorised two- regulations for air pollutants and CO2 emissions,
and-three-wheelers have the strongest lock-in effect Caco—u 6 ¥ 6 ucU Ccaun7 —a« ¥AacgUgy Zo—
because they provide a direct and fast connection and They further suggest improving sidewalks, cycling
can be parked closer to the origin and destination. Urbanfacilities, as well as public transit accessibility, and
transport systems are complex with various interactions quality. In this module, we discuss six policy solutions

leading to unexpected outcomes. for two-and-three-wheelers as public transport, walking,
and cycling improvements are already discussed in detail
Among middle- and low-income cities, there is in SUTP modules 3a,3b,3c,3d and 3e.

widespread acknowledgement of the need to improve the

G0 —Ca—eCUC c¢° c¢Z—a«Z A6 Z AT U b6 6—°»¥8 AccOCay
to the future, cities need good knowledge of policies

and measures on how to proceed. There a various urban

Figure 14Two-and-Three-Wheelers Externalities and Solutions
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c TM; i Qz—a«ZIAO_—ZzA_—U_O ¥¥C«_é ]_« v

Key measures Interventions

Proven | Promising

Exclusive motorcycle lanes

Protected turn lanes and widened shoulders/lanes

a—° 0 0¢— «liIRemdval of roadside hazards
mobility

a6 « UCRBRC 60 —a« 0—°»¥ ¥_URQ2

Improving road surface conditions

Antilock brake systems (ABS)

a—°6 “ACY feggllights at night

Daytime running headlights

Setting and enforcing legislation - Mandatory helmets,
helmet standards, strengthening penalties

z —0Ca¢ 6% ¥ C  —a« 006¢ ¥ C

a—° 0 6¢—« 00640
Mandatory registration of vehicles & licensing of two-a
three-wheeler operators

Training - Compulsory skill test for permit

Expanding public transport
Minimizing exposure

¢ AC¢AZ6C 0O Hptodng Wkl and cycling facilities

Setting and enforcing speed limits

G¢c«C©° Cag |&etting and enforcing alcohol impairment legislation
behaviour

Social marketing

Introduction of uniform treatment protocol

2R606 a¢, OCU Z¥O0—UA
medicgal cc:;are andg Quick'response time

response times

Offer early rehabilitation
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a. Restricting Two-and-Three-wheelers

Many cities have considered or already implemented bans

ca c¢Z—a«zZ Ao
and road accidents. Motorcycles also pose a threat to

Z AU 60 o ¥— 0~

gO

public safety as they are involved in a considerable share

of urban crime. The cities of Guangzhou, Shenzhen,

and Dongguan for instance banned motorcycles as part

of a crime prevention strate@y The 2007 Guangzhou
motorcycle restriction strategy serves as a template to

understand the typical development path of motorcycles

in China, and more recently, in urban areas throughout
Asia. Research indicates that more than 168 Chinese

cities have implemented such bans thus far. Numerous
UC— U ¥A —0 =—0—06 —7 ? +edlon TAIWRD fuithermore anrotineediits goal to

¥C C U Ca
Hanoi have since followed this example.
ExperiencéﬁY Ag 7767 G ¢¢ 0 U A—
670 ¢° TAC¥U U GAg U« o™

o—aaCa¢ U6 ¥
O 4 C»~

((3(_;

out a comprehenswe socioeconomic |mpact analy5|s Itis

CR6cO —a c—¥Oag U weg A—
0—auocd Rg«
°O_¥ ¢cO07 U ¥A —U
laws, maximum speed, passenger occupancy, vehicle
characterlstlcs human behaviour and city typology
iAT0T °—¥ ¢l —06 uCsacC»¥—a U
is no standard template available for banning two-
and-three-wheelers. However, private cars carrying
only one passenger are expected to cause the highest

external costs within urban areas. Cars should thus be

the starting point for restrictions as all alternative travel

and transport modes available to former drivers would
o B¢cO °»¥C a A—a ATCo6 606
mere banning of two-and-three-wheelers as a silver-
bullet policy instrument could have serious rebound
0¥ 08 C C URBR— a « ¢ o«

restriction will have a net aggregate positive impact.
For example,
1. Singapore operates a vehicle quota systemm limit

the growth of all private vehicles, two-wheelers
included. Between 2009 and 2012, the annual

"0RCa
circumstances where appropriate two-and-three-wheeler

A~ a6 the
Ga — G0 ¥C»¥ 6¢—« «r@rﬂpamt@gleﬁeﬂggas_tg about 7.5 million
0—C°»¥ ¢6 06— GCag ¥cR«C' T

Cc u

growth rate was capped to 3% per annum, between
2012 and 2013, to 1%, and between 2013 and 2015

to 0.5%, and to 0.25% between 2015 and 2018.
From 2018 onwards, Singapore will implement
a zero-growth target. This policy is applicable
to all private passenger transport modes. As the

quota system is also combined with several other

regulations such as electronic road pricing, mass
transit improvement, taxation, etc. this restriction
is expected to result in a net-positive impact as
all transport modes compensate their respective
externality costs.

2. Starting in 2019, Taipei authorities will restrict
the use of two-stroke scooters by amending city
regulations in a bid to reduce air pollution and
become a low carbon city. With an estimated 350
two-wheelers per 1.000 citizen, Taipei City aims

for a zero-growth rate for motorcyclé&s With a
demBination phpplicy i@straments, it has already
managed to reduce the density from 418 to 353
motorcycles per 1.000 citizen, corresponding to an
average annual reduction of -2.2% between 2010
and 2016°. Its public transit ridership, in contrast,
saw an annual increase of 1% over the same period.
Taipei City has the best public transit services
among 23 counties and cities throughout Taiwan*
while maintaining the lowest rate of motorcycles
per household. Moreover, there are plans to extend
the city’s motorcycle restriction policy to the entire

completely ban fossil-fuel powered motorcycles by

2035 due to increasing air pollutithn

» ¥

ahianait alsogegently ¢gevelgped a roadmap to
restrict motorcycles. Estimates suggest that

nunber of gptargyeles cguld increase from

‘Galy dgu g6 00cocl U ¢
motorcycles that fail to meet the city’s emission
regulations between 2018 and 2020. Between 2025

— R ¢ @pd 2@29¢the; city glans g T@strict motorcycle

movement for certain hours and on certain
days along major corridors. From 2030 onward,
motorcycles will no longer be allowed to access
any district of the city. These bans are planned
alongside improvements to public transport
capacity, aiming to cover 25% of total transport
odemapd ig £angg byR020. For instance, the city
plans to establish 15 to 20 new bus routes serviced
by more than 500 additional buses.

] o ¥
4. 803 motorc;gcles were banned in certain

ca “a o, ¢® e—a¢ca ,G —aBR—oO...
accidents and criminal activiti®sDuring the past
14 years, the share of motorcycles among the city’s

¢ —U % 6 « ¥« UCsaC»¥—a U
of other citie€®. For instance, while the average in
other cities remained close to 90%, trips in Yangon
are now dominated by public transport (formal
and informal) with 61% accounting for shared,

8% for car, 7% for motorcycle and 23% for bicycle
trips. Here, the share of motorcycles among trips is
GC¢aC»¥—a U Ug & A—a Ca Rgu
low-income cities. In 2014, JICA surveys revealed

a majority of citizens to be supporting the policy
with 58% in favour and only 16% of respondents
opposing the baff.From the macro perspective,
Yangon’s two-wheeler restriction can thus be
considered a success. However, the latest statistics
indicate that despite these restrictions, road
—¥¥C« a °— —UC C a0 A— ~ Cca¥o
to raising ownership of cars. Research indicates
that the motorcycle baft only provides short-

OB mTa » U8 2a
lead to a dramatic increase in car ownership and
thus eliminate any positive impact of reduced
R cO¥ ¥U™ 6—°»¥8 /¢ U AgU« U 6
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67 T —U A— ¥—06 ¢ a 6UACO UT OO0 TUCCcaCoT—x U
higher in areas with a motorcycle ban. Based on the above case studies, we recommend
 A— ©v—3aaCa¢, — U6 ¥C»¥ 06 ¢° c¢Z—a«Z
5. One of the most common regulatory approachesis A~"0J 604 GA¢ U« 8~ O G C» « caU —° 6 ¥¢

to ban all vehicles violating emission limits. This,  comprehensive socioeconomic impact analysis as it could
however, can have profound adverse socioeconomigayve serious rebound effects.

impacts on drivers, operators, and even the public
(as experienced when drivers affected by the ban
of two-stroke two-and-three-wheelers engaged

in protestants in cities such as Manila, Jakarta,
ZT0A— —67 ?2¢UO0O— —7 ¢UcgRug7 A—O0—7 ?2—06—¥AC7
Taipei, Nairobi and Hawassa). Experience suggests
that the use of economic incentives embedded
within a regulatory approach leads to a more
effective policy. In Bangalore, exist about 120.000
three-wheelers and about 10% of them run on
two-stroke engines. As part of the ban of two-
stroke vehicles, a 500 USD subsidy was offered to
drivers to purchase new, four-stroke, LPG-driven
three-wheelers. The economic incentive provided
was substantially higher than the resale value of

15 years old three-wheelers (350 U'9Dwhich
explains the success of this policy.

Box 7: Ridesharing

Motorcycle taxis are considered the dominant mode of informal pubdingport. However, the emergence of
affordable mobile communication technologies has increased the faojiy of two-and-three-wheelers as a

form of ridesharing, on-demand ride-sharing, and micro-transit serviceedan mobile apps. For example, GO-
= ?7 —a 2a«gca GC—a 0 —8 06 »6R ACY¥A ¥— "0l C¥Rc MU <7« B—Re&HC
2.5 billion USD. Within 10 years, it increased its operations from 20 to hane400,000 drivers across 50 cities.
In India, UberMOTO, an online cab hailing service, has completed 2 mitijms within one year. However, the
use of motorcycles as app-based, on-demand ride services is inayasgstricted due to violations of existing
public transport regulations (e.g. in Bangkok) and competition remgulde.g. Vietnam), because traditional
motorcycle taxi drivers face a competitive disadvantage vis-a-olslg app-based services. Many app-based
services have ceased operations due to regulatory restrictionls ésuZingo, Dot, TuWheelz, Headlyt, and
Rideji).

The Indonesian government recently revised their taxi regulation tomenodate fast-growing, online ride
hailing services that had disrupted established transportation bgse® The non-route public transportation
regulation is both responsible for setting minimum and maximum rateside-hailing services. India recently
revised its taxi regulations to accommodate motorcycle use as on-démde services. The motorcycle taxis
are now acknowledged as a low-cost last mile connectivity solution feipdssengers. The cities and state
governments can legally allow two-wheeler taxi permits like those ityrtaxis to facilitate greater utilisation

of idle assets. The online cab hailing service Uber’s bike taxi servicelOB® has already completed 2 million
trips in a single year in India.
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b. Electric Two-and-Three-wheelers

Ideally, the introduction of new technologies to two- To»¥Ca ¥AacUc¢eC U8 /g & TH7T —° B — « ¥—
and-three-wheelers should neither be accompanied experiments and research, electric two-wheelers are
a AT 06¢Bc Cca ¢° acd — m—a ¢° (onowQargely c¥nsidlertldowjrers &mong various two-
This can only be achieved by middle and low-income and-three-wheeler technologies. The International
countries with technology forcing fuel-neutral standards Energy Agency has estimated that two-and-three-
°¢8 © U To°»¥Ca¥ —a« BCUUCcalu CAN U 0¥BauQ«ad—« @Gca ¥¢BROU U U ¥ 6C» «
of external costs. For the past two decades, policymaker2040 to 205 to curb global warming at a maximum
have tried to set regulatory standards for two-and- of 2-degrees Celsiugigure 15)The results of a cost-

Ab~Z AU 60 C Ag ¥cRBRRC Ca, cuUd ¥C»B—QRACH,—Rcas —O6Cc U ¥AacUceC ¢
technologies. In the long run, this has ensured a future that electric two-and-three-wheeler$ can provide a
Uc¥OZCa ¢° "¥AacUceC¥—U « "UcoB—a QRCH Gaudc¥C»¥Uos—ah¥w70 —Rca¢ —UU ¢ A7 b
discouraging investments in alternative, potentially moretechnologie<®.

Figure 15Share of Electric Vehicles in 2-Degree Sce8adi@e |IEA -ETP, 2017

In 2015, global sales for electric two-wheelers reached

almost 38 million, with China accounting for more

than 90% of the market shafeln 2016, China’s total

676 C¥ —olU™ U ¥ 6C¥ acO™ %~ ¢ —UU « —6066¢ CR— "U +~¢
million®. Market projections indicate that global electric

bike sales could reach 40 million in 2025, and about 50

million in 20352
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Box 8: Substitution Matters

For cities to compete in the global economy, emerging transportatioresystrequire a mix of competitive

modes and technologies to support sustainable transportation systinat meet diverse travel needs. Electric

two- and three-wheelers could be part of that solution as they meet doedoor and short trip travel needs that

—06-a¢ “UUZO C "« °¢d » « 8¢ ~ 6—anC -4 0 HARAGHCT:;—BCo A ¥AO6OETOABCI A~
also complement cars and other modes for ex-urban travel, as well as loiggntore generally.

2a AT 0 « ¥C "« AT677 ca Cac°¢c b U¥ 6CY¥ U0FaA U ABCABU CAUR ABCA |
¥ —9Za—0 « 06—a0u6¢cd Rgo« C° A7 «C«aT A4 CU—AC A E»¥CY¥a /0 A UBW8 A —
electric two-wheeler users stated that they have a car at home. Mored20% of electric two-wheeler owners

6U—a ¢ o — »80 ¢6 O ¥ca« ¥—06 C ACa ca 0668 GdC QW ¥ B8C&¥Y¥—< D A aly
With adequate dedicated and protected two-wheeler infrastructureegbmanagement, and complementary

mode development, electric two-wheelers can be safely integrateadthe wider transportation system, while

providing excellent environmental performance and high persor@itity standards. However, policy must

support a portfolio of sustainable modes to assure that electric twa&lers complement, rather than compete

with, transit and other mobility objectives.

iAT 6—au°¢cdR— Cca ¢° ACa—Tu ¢ Zhalthey atiraki riders+eliant on motorised transport
part of by the government’s efforts to restrict motorcycle B¢« 18 2a ¢ A70 ¢cd«07 A ©m a » 0 ¢° U ¥
¢ A 6UACH7 AC¥A CU 6CUCa¢ UC ¢ aOmhéeleds dépend on thedypedottwips they replace
urbanization and economic growth. But switching to (mode shift). Similar to bus-based public transits,
electric two-wheelers is not as simple a decision asit  electric two-wheelers offer considerable environmental
— 66 —060 ¢ v — »80 ¢U—a¥ 8 «Qmpikbuemeénts agmparéd ttpassénges cars. However,
two-wheelers is currently offered on the Chinese since power generation emissions occur more commonly
market and these products vary greatly in terms of their — U¢ Z« auacC 6¢6 U— Cca Ug¥— Ccau7 A
environmental performance, speed, and design. There often of larger magnitude. If pedestrians and cyclists
CuU —UG¢ —a Cul ~ ¢° ¥ca%C¥ ¢° ¢ ¢ shift to;eletGciwo-vihedersQtiere is 4 net negative
wheelers can help reduce urban noise pollution, they areimpact on the environment.
even more accident prone than motorised two-wheelers.
Research on shifts in transport mode behaviour shows a
In Taiwan, the cumulative number of electric motorcyclesdiverse range of shifts pointing to other relevant factors

has increased by more than 4 times within 4 y&ars on usage of two-and-three-wheelers. For example,

Following the success of Taipei’'s “YouBike bike-sharing

program”, the electric scooter sharing program “WeMo ® 2a ? aRCa¢7 — ™Z —6 Ucae 0 « ca A~
Scooters” was launched in 2015. By 2017, the system had two-wheelers found that such devices act as inter

To0—a« « ¢ — ¢ —U ¢° "8 “* TU ¥ 6C ¥mediafe hansporbmod€ occluding in between the

is further expected to reach 3.000 electric motorcycles transition from bicycle to bus and from bus to car. The

by the end of 2018. The company currently charges study found that electric bikes attracted 55% to 65%

—ag na “8>b 676 RCa ~ °¢6 A~ »060 'of @dd3pectivé bus—+iders, between 15% and 24% car

then about US 0.08$ for every minute after titafs and taxi riders, and between 7% and 19% of regular

the scooters are equipped with a battery swapping bicycle riders.

technology (switching discharged battery packs for
charged ones), charging times are reduced while
increasing the trip catchment area. The mobile App for
electric motorcycle sharing services integrates vehicle
locating, unlocking, battery charging, payment, and other
functions.

® In Jinan®, electric two-wheelers replace bus
rides (49%), previously owned bicycles or electric
two-wheelers (36%), walking (7%), car trips (7%). In 1%
of the cases, they enable trips that would otherwise
not have been made.

® |In Shijiazhuany, just one-third of electric two-whee
Environmental performance evaluations of electric two- ler riders were former bus riders while more than 60%
ATUT80 Ca«C¥— ~ A— A7 ¢ U« o Bfgéspontenthadl shifted from previous bicycle use.
reducing carbon emissions and air pollutants provided
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Figure 16Shared electric two-wheelers
Sourcewemoscooter.com.tw

c. Two-and-Three-Wheeler Lanes

Dedicated lanes are built with the aim of segregatlng
¢Z—a«Z A6~ Z AT U 60 °6¢R RC
reducing the risk of accidents while improving the
capacity and level of service. Such lanes are often
introduced along with space for two-stage left turn
waiting zones, motorcycle waiting zones, and lane
markings. Research has shown that a dedicated
motorcycle lane on the roadway halves the risk of
Rc co¥ ¥UCU ¥6—UA™0: 07 ¢ 6 ¢ —
reduces the same risk down to one-tenth of that of
dedicated motorcycle lané&s Dedicated two- wheeler
U—a u uAg U C« T—UU o Ug¥— T« m”
¥ 600 —a« ¥—06 U—a 0 ¢ — ¢cC« 6C¢A
clashes with stopped vehicles, pedestrians, and cyclists in

« O0—O°»¥7 A

“« U—a—

¢

—3 RGC -
6a ¥ca

One of the most critical parameters to be analysed whenthe curb lane.

considering the environmental impact of electric two-
wheelers is toxic lead pollution during the production,
recycling, and disposal of lead-acid batteries. However,
this problem could be mitigated by Lithium-ion batteries
(which are common in EU, Japan, and the US), effective
battery production, and recycling practices.

In the light of the above discussion, we recommend

® To set ambitious electric two-wheeler penetration
targets and include a subsidy scheme for greater
penetration of electric two-wheelers (to prevent
market failures)

To internalize external costs ensuring pricewise
competitiveness between electric two-wheelers and
internal-combustion engine two-wheelers.

Electric two-wheelers to be regulated to maximise
safety. This can be ensured by regulations deman

ding speed governors to be set to locally agreed safe

speeds

The implementation of stringent battery production
and recycling standards

The regulation of conventional two-wheeler par
king while granting free parking slots for electric
two-wheelers

providing greater access/circulation of electric
two-wheelers that use pedal assistance instead of
throttle power

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

The promotion of electric scooter sharing schemes
and integrating them with existing public transport
schemes.

Cities and countries that experimented with dedicated
lanes for two-and-three-wheelers have thus far made
varied results. Dedicated lanes are very common in
Thailand, Malaysia and Taiwan. For example:

® The Road Layout Design (RLD) blueprint for Iskandar
(Malaysia) proposes motorcycle lanes between 1.3m
and 2.6rM® « 0 a«Ca¢ ca UCa¢U ¢b6 aCZ«CoH ¥ Cg?

® Taiwan experimented with motorcycle waiting/stop
zones on roads with speed limits below 60 kmph.
Motorcyclists are allowed to stop in '[hIS area when
AT 6—°»¥ UC¢A 0 —06~ 60 « —ax
are green. Motorcycle waiting zones are generally
designed with a minimum width of 0.8 and length of
2.3 meters in turns. Additionally, Taiwan established a
two-stage left turn rule. Motorcycles are not allowed
to make direct left turns. They instead use dedicated
double left turns at major intersections. Left-turning
motorbikes need to travel straight across an intersec
tion to a painted motorcycle box and wait for the next
6—°»¥ uCgoa—U ¢ 6a ¢06 as8- ««C Cca—UU
U660 A— 7 — U6 ¥C»¥ —C Ca¢ ca Ca °6ca
their faster acceleration speeds when fully stopped.

R —

o
[N

Some Indian cities (e.g. Bangalore and Mumbai) tried
establishing separate lanes for three-wheelers. In
2002, Bangalore began enforcing lane divisions for
motorised three-wheelers in arterial roads to ensure
that these would no longer obstruct other modes

of transport. This lane separation was realized with
physical barricades. Ultimately, these experiments
were not successful as three-wheelers opposed the
dedicated lanes due to a lack in overtaking width.
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Figure 17Three-wheelers in Mumbai, India

Figure 18Motorcycle Parking in Taiwan
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d. Retro t Programs

Based on our literature evaluation, we recommend

- r(}grﬂlly, ve}&lage tg@rg:logicgll—solu.tions to reduce
tailpipe emfssions can be cé’tegorlsed into two broad
categories: enforcing standards for new vehicles entering
® Avoiding separate lane demarcations for roads where A~ %7~ 7 —a« 6~ 0¢» Ca,50¥6—066Ca¢ ¢° ~ Cu
motorcycles and three-wheelers constitute over 50% In many countries, old two-and-three-wheelers emit
of the vehicle modal split a disproportionate share of transport emissions. For
» segregated motorcycle lanes to be established on I 5, SRR e S earbon
roads frequented by more than 1.000 motorcycles permo)rllo;(ide erﬁissions from motorc clesIO while making u
hour and if motorcycles represent between 10% and o by s — o —x o Y f e — ? P -
~eA -0 2 o s . ; caU <" 60 0 ¥ & ¢c° aCa¢sg—0c¢cd ROE.BG cO¥ ¥U O¢
(o3 0—°»¥ ca u ¥A 6¢—«u . .
Because of this problem, many countries have
® Avoiding segregated three-wheeler lanes as they do implemented age-based or emission-based regulations
ac 060¢ C« —a © a » 0 to keep old and pollution intensive vehicles off the

. . . 6¢—«8 /g ~ 07 ¥¢c a 6C U »a« C «C°»¥ U ¢ CR
® Roads with an intended operational speed of 40 kmp,h;gulalions dueto stak%holdeLrgiigance. Over the last

* | —oUCUACa, —a °»¥C a U—a
ween 1.7m and 3.8m

6 U aua o 0 « UC¢a « °¢cod u—2° a — a 0 . . .
& . & Ce S . cadé,’l?],ere. g%b n numerous experiments involving

separgtLeJIEmel;O «0 86— A0 A—a U (0 ¢—y c5¢ G 0CUVY Bag AG¥U G7 U —«Gag
U ¥¥ 008 c¢cauC« o °¢d —B6U 7 H ACTuU
®o0cH O—O°»¥ ¥ca¢ U « 6¢—«U , A0 pregrai—+nid998,ahe 8upremea Court of India ordered
lower than 15 kmph) that meet the following additio  the replacement of all pre-1990 three-wheelers and
nal conditions: taxis with new, clean fuel propelled vehicles by March
. . —77 e"t"8 2 ° 3 A6 Ca¥U « « »a—a¥C—U Ca¥ a
: zg:(i/izlaetggl’tjvc’;)ec?rt?[ﬁlrzvev-\]/-v?]oeoeItélf?/a(:rl]eess F;fé g(k))z:ent repl.ace post-1990 Fhr.eejvyhe.elers anq taxis with cleaner
to create some form of barriers to prevent motorcycles vehlcle§. Due to--thls--JUdICIal mtervgn‘thn, aII“taX|s and__ — —
— GZ6GC¥OUA— 0 Ca UAGC A—« o a6 o6¢» «

from encroaching into the bicycle lanes compressed natural gas (CNG) by 2003.

(Source: Manny Biona)
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| ¥AacUeeC 0 — —CU—caU ¢ 0 0o ecNfehiele Entission Standards

three-wheelers include direct in-cylinder fuel injection,

UCBd » « 6 6¢U R ¢—0 ,AZ*... «Cd ¥ CaO ¥ Cca7 °c o

stroke re-powering technology, and LPG four stroke re- Two-and-three-wheeler emissions are now regulated

Powering technology. However, such technologies have in many countries, but there is a very high diversity in

limited impact. For example: the stringency and typology among current regulations
between countries. In general, smaller two-wheelers are
1. A detailed evaluation carried out in the subject to more stringent standards, while heavier ones,
Philippines* indicated that the adoption of four- especially three-wheelers, enjoy more relaxed standards.
stroke and direct injection two-stroke systems During the past two decades, the development of
00¢c C« U UCgsaC»¥—a a Cocal progréssive standards has led to the near complete
relative to carburetted two-stroke units. These replacement of two-stroke with four-stroke engines.
ora » 0 ¥—a o Ao o TaA—a¥ «Mosttwoawheelefssald now feature four-stroke engines
of these technologies to LPG fuel. However, with a recent trend towards fuel-injected, four-stroke
the environmental considerations are not by varieties. However, two-strokes equipped with catalytic

themselves enough to ensure sustained adoption converters are still being sold. These consist of smaller
of these technologies. But since the operational  vehicles such as mopeds and scooters. Progressive
0— Cag¢l ¢c° —UU 6 o6c¢c»  ¥AacUemission standards forc& guteamabile and oil industries
high enough their acquisition at approximately 3% to seek the lowest-cost solution to comply with

60 Bca AU a«Cayg 6— 0 CU O 0@E—a8—4tb«07¢cA Qcaa—oUCa¢ ¥AacUce

provide payback,periods shorter than 2 years. LPGtransformation. A step-by-step implementation enables
«Co ¥ CaO ¥ Cca 0 0Oc» Ca¢ A-eng-term transformatiofs with economies of scale.
AC¢A 0 »a—a¥C—U o a » 08

2. 2a UAG7 A~ —GC6 6¢UU Goa o GUICHy, tere arg staggards imposing limits for CO,

. : C, and NOx emissions. In'stme countries, a single
50.000 four-stroke gasoline three-wheelers with S
: . HC+NOx standard regulates both HC and NOx emissions

CNG are equivalent to replacing 5.000 2-stroke

three-wheelers with CNG four-stroke vehics to combat ozone layer depleti6h Composite standards

while adhering to other standardvs. They also incentivize
2 Coac UU 0 —oUCUOA « A— 0o imprevedevapodativelémission control and generate

Ca

—0U¢ BR—a°—¥ 6060 ¢% GoU Ca¥e —u

Ca au  czu 6cO Ao Z A U 60 CAGpA 6a%gZeTa™» G Ca ° U °»¥G a¥ 8 /¢

Ca¥ a C 0caU — 6 0 — UCRC «7 (PMstandardsforcanipressiah-ighition motorcycles in
o0 06— ¢ COo ¢ au o6 A CRroU India and Europegthere areno motorcycle PM standards,
o—0 « —a«5¢cd RCOUCcaZao—0 « 6 ¢ eventhQugh two-stroke PMaemissions can be very High

cU«7 6¢UU Cca Ca auC AC¥U 0 Inadéw regions, PN emissions caused by three-wheelers

are additionally regulated.

Figure 19ndia Two-and-Three-Wheeler Emission Stand&malsce: Central Pollution Controlling Board — India
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28 +“"™7 23«C— CUU « — «B6—° ac C» ¥that GehitlesMmeebrnahilfacturer set durability

equivalent standards to be enforced starting 2020. This requirements and that noncompliant vehicles are

proposed standard aligns emission limits for two- C« aC» «©°06°06 A0 a ¥ uu—o —¥ Ccas
wheeled vehicles with the most stringent standards
adopted for similar vehicle types in Europe. It also
ensures that these vehicles will not exceed pollution
standards of equivalent four-wheeled passenger
vehicle&®. Vietnam further aims to skip standards
equivalent to Euro 4 and implement Type 5 (Euro 5)
standards instead beginning 2022

4. Countries should develop a national fuel-quality
testing program to monitor fuel quality at retail
stations.

f. Fuel Economy Standards

Many countries have now started incorporating durability
requirements for motorcycle emissions as part of their  Due to their small engines and light-weight frames, two-
transport regulations. Regulatory programs in China, AU 60 A— ~ — AC¢A 6 ° TU "°»¥Ca¥y A—a o
India, Japan, Taiwan and Thailand include durability cars. This is part of the reason why two-wheelers have
requirements ranging between 6.000 and 30.000 km AlGo—6 o aa¢U ¥ «Cac°o U ™™»¥C a¥ CROO
depending on the size of motorcyckés agendas in many countries. Even international
partnerships such as the Global Fuel Economy Initiative
Research carried out in Vietn&hindicates that countries (a partnership between the International Energy Agency
need to implement more stringent standards to generate (IEA), United Nations Environment Programme (UNEP),
ACo A 0 ¥cZo a » 08 /|—« yC  a—~R C (International Transport Forum of the OECD (ITF),
0 —a«—0«l o «““57 C 0 %  [RCu0UOCInternational Colineil on Clean Transportation (ICCT),
reduced by between 50% and 90%. This would have Institute for Transportation Studies at UC Davis, and
atc oA O AC¢A ¥cZo a » 08 2RoU tHe FIAEcundation) have only prioritised fuel economy
stringent standards is cost-effective, as experience from improvement in LDV's so far. However, two-wheeler
India shows. Stringent emission standards will likely ¥cau ¢ ~ — GCgsaC»¥—a 6¢6 Cca ¢ A~ ¢ —U
increase two-and-three-wheeler vehicle prices by no in middle and low-income countries (50% to 90%). They
more than 30 to 40 US® This is equivalent to less than are also growing very fast. Some estimates suggest that
5% of the total cost of a typical vehicle. Ca 2a«C—7 e“*¢°® AT ¢Z AU 8% CcUU =
during the next 10 yeaf%s
While regulatory frameworks have seen progressive

strengthening, their enforcement often remains In many countries, including India, Indonesia and

weak. Since standards for two-and-three-wheelers Thailand, there has been a major change in the market
are not maintained in the form of manufacturer structure of two-wheelers marked by increasing sales of
recommendations, implementation of in-use emission  more powerful two-wheelergFigure 20)For example,
control with inspection and maintenance (I/M) in Japaft, serviceable two-wheelers with engine sizes
remains critical. Most countries in South and South less than 125 cc saw a decrease in their share from 85%
East Asia do not have an effective Inspection & in 1990 to 69% in 2015. Based on the available data,

Maintenance programme for two and three-wheelers.  © "U "©°»¥C a¥ CU 606¢¢6 GUGC U « ¥6 —UCay —
The most notable exception is Taiwan, which follows displacement and kerb weights increg$égure 22)

a decentralized inspection system operated by a large

number of private centers. This system is quite effective Globally, only Taiwan and China have implemented fuel

because of the strict government monitoring linking economy standards, while countries like Vietnam and

private centers to a centralized computer system. In iA—CU—a« A— T R—« GC¢saC»¥—a 0O6¢ed 00 C
addition, authorities also perform surprise road-side the targets. For example, Taiwan has had fuel economy

checks. 0 —a«—0«0 Ca 6U—¥ 0Cay¥ "®>3: ACa— —«go

standards in 2008. Recently, China introduced new
fuel economy targets to be implemented in 2018.
These targets set separate standards for two-wheeled
We recommend the following with regard to vehicle motorcycles with manual and automatic transmissions.
emission standards: The implementation of fuel economy standards for two-
wheeled motorcycles in China is expected to reduce fuel
1. Countries can advance directly to more stringent  consumption by 447 million litres annually, generating an

standards, given that they adequately consider 0 CRBR— T« "¥gagRGCY¥ mTa ¥ ¢° —0066¢ CR— U -
the social costs of air pollution and the speed of  USD?28 ¢ a 6C 0 ¥—a —UUl¢ CROU R a »0¥—U 6¢
technology innovation over the past decade. like the “feebate” system based on the “polluter pays”

2. Countries with serious PM pollution should principle. In such schemes, higher taxes are imposed

¥CAlC« © A«  UcoR a c° — (8 g)egm%#lin%v@ick(e models and the revenue
¢ ¢ ¢ colletted is‘utilised to subsidisé cleaner technologies and

for two- and three-wheeled vehicles. - e - .
fund transport emission mitigation activities. In India,

3. Countries should strengthen vehicle inspection there are some policy discussions on initiating a feebate
and maintenance (I/M) programs. This will ensure systems which includes two-and-three-wheeléis

33



34

Sustainable Transport: A Sourcebook for Policy-makers in Develdqiiies

Figure 20Two-Wheelers in Use in Japan (move towards more powerful motorSpaes) JAMA

Looking at the examples raised above, itis very clearthat°» ¥ C a¥ Ca
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there is now a very high demand for more powerful two- and weight. It is also now well known that advanced

wheelers. However, it is now well established that the
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engine capacity and kerb weight grow. Further experience A~ ¥¢ a 6C 0 0

suggests that the design and technology of two-and-
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emission control technologies may have some negative
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Figure 22Fuel Economy Standards for Two-Wheelers (Note: fuel economy valuesdireatly comparable as testing methods
differ)Source: International Council on Clean Transport (ICCT), RIdistry of Transport, Vietnam

Figure 23Hanoi, Vietnam
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VI. Two-and-Three-wheelers in 2050

Two-and-three-wheelers are likely to continue to play ~ Technological evolution may also hold one part of
a decisive role in urban mobility. If we were to make a  the answer. While technological progression in urban
prediction based on historical experiences, we would  transport has been slow, we may be very close to a
estimate that there will be 1.5 billion motorised two- technological tipping point. It seems plausible for
and-three-wheelers by 2050 worldwide. This would be two-wheelers to become key facilitators of long-lasting
considered an incremental development scenario for structural and systematic changes towards shared
two-and-three-wheeler mobility services. However, RcaCUC 06 C¥ 07 U ¥ 6C»¥— Cca7 —ac«
such a prediction may be deceptive as it fails to considerdriving. The broad contours of such developments are
hitherto non-existent challenges and opportunities for  already visible as technological advancement are shaped
other industries. Cities now face enormous challenges, within existing regulatory frameworks by companies
including economic development, climate change, such as Uber, Gogoro, SmartScooter, SafeBoda, Go-Jek,
Ta CocaRa —U 6¢UU Cca7 o6—°»¥ Ygragand Qa. atTs lkedy«<hat three-wheelers may cease
social development. Hence, cities will need to prepare to operate as other shared modes out-compete them in
policies and urban infrastructure accordingly, in order  terms of service.
to successfully incorporate this mode of transport into
sustainable urban mobility concepts. Though radical transformation of urban mobility requires
lengthy time scales, we are certain that in 2050, mobility
With more than half a billion two-and-three-wheelers will look dramatically different from today.
currently serviceable, two-and-three wheelers have
now become the victims of their own success. Many

cities are beginning to consider them as a non- Our expectation for the future mobility of two-wheelers
essential commodity. Given this dynamic and changing may be summarized in four words: more electric, more
environment, the need for appropriate regulation is sharing.

highlighted.

Figure 24Taipei City, Taiwan
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SUTP —Sustainable Urban —a« 0 « a 0 A— ~ 8 a » « °3¢R ¢ &6 0—CaCae¢ ¢o
S U T P Transport Project— SUTP  produced a rich library of Sourcebook Modules, Technical
m  supports decision-makers  Documents, Case Studies, Factsheets, Policy Briefs and Reading

Sustainable Urban Wo.rldwide to. plan a-nd Ligts. All documentg are accessiblethrough ourvyebpage, along

. to implement innovative with a comprehensive photo collection and a video channel.
Transport PI’OJeCt and sustainable mobility  Be invited to use and distribute them!
solutions. SUTP offers a  http:/www.sutp.org
comprehensive knowledge platform, capacity development, https:/www.facebook.com/

hands-on advice and networking opportunities. Within the sustainableurbantransportproject
6—u "™ T_607 B¢d T A—a "9""dacd¥ChitQsy/AvitRredn SWTP 6 U —

where they are needed most. Partners include ADB, CAF, WRI,
2i Z7T nHZ/—oGC — 7 aA¢ —i7 20 Z7 2 A 27 *217 ?2°z
A transition towards sustainable urban mobility requires a
shift in policy making and investment decisions. TUMI will
inG2 Z iATi6—au°¢6R— C ~ nowo—enalfeso C BuGportdiofect Aeadership development and career bugldin
leaders in developing countries and emerging economies °¢$ 6o —a U —« 607 « ¥CUCcaZR—O 607 6U—aa
to create sustainable urban mobility. It offers technical ultimately connecting 1000 leaders worldwide. We believe i
and financial support for innovative ideas. In TUMI the capacity building, mobilization of investments and supporting
German Federal Ministry of Economic Cooperation and approaches on the ground as the most effective measures
Development (BMZ) has brought together some of the world’s to follow the set goals and achieving a more sustainable
leading institutions working on sustainable mobility with urban future.
city networks and think tanks to implement projects on site http:/transformative-mobility.org/

knowledge, expertise and experiences, GPSM supports the
transformation towards sustainability in developing and
emerging countries. More than 170 friends from academia,
businesses, civil society and associations are participating
in the network and are happy to share their knowledge.
*ZaG « * 9R—a Z—0b a 6UACO °¢o—aTle — QapHmiv.g&marCsustainable-mobility.de
GPSM is serving as a guide for sustainable mobility and greeinttps:/www.facebook.com/germansustainablemobility
logistics solutions from Germany. As a platform for exchanging https:/twitter.com/GermanMobility

International Fuel Pricesprovide on the global fuel sector since 1999. On an annual basis, we
decision-makers with data on fuel are convening fuel regulators to discuss appropriate pricing
prices on a global scale. Gl1Z, with and taxation schemes for fuel prices.

GIZ INTERNATIONAL its global network of projects in  http:/www.qgiz.de/fuelprices

FUEL PRICES "-" ¥¢c a 6C 07 6 ¢ Cca—HNitpsJenergypedidnfo/wiki/International _Fuel Prices
representations in 64 developing

countries, publishes a biennial study “International Fuelds”
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