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CLIMATE CHANGE MITIGATION IN
THE URBAN TRANSPORT SECTOR

PRIORITIES FOR THE WORLD BANK
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2.0
THE WORLD BANK’S
URBAN TRANSPORT STRATEGY
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Characteristics Busways Light rail transit Metro Suburban rail

Segregation At grade At grade Mostly elevated or
underground

At grade

Required space 2 to 4 lanes
1

from
an existing road

2 to 3 lanes from
an existing road

Elevated or
underground; little
impact on existing
road

-

Impact on traffic Depends on policy
or design

Depends on
policy or design

Reduces congestion
somewhat

Railway crossings may
increase congestion
when frequencies are
high

Public transport
integration

Straightforward
with bus
operations;
problematic with
paratransit

Often difficult Often difficult Often difficult

Initial cost
(US$million/
kilometer[km])

1–5 10–30 15–30 at grade

30–75 elevated

60–180 underground

-

Capacity
(passengers/hour/
direction)

10–20,000
2

10–12,000 More than 60,000 30,000
3

Operating speed
(kilometers per
hour [kph])

17–20 20 30–40 40–50

Examples Quito, Singapore Tunis; most
European and
North American
cities

Most European and
North American cities

Most European and
North American cities
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3.0
ALIGNMENT WITH THE

GEF’S CLIMATE CHANGE

PRIORITIES FOR TRANSPORT
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Mode

CO2-equivalent
emissions (grams/

vehicle–km)

Maximum
capacity

(passengers)
Average capacity

(passengers)

CO2-equivalent
emissions (grams/

passenger–km)

Pedestrian 0 1 1 0

Bicycle 0 2 1.1 0

Gasoline motor
scooter (2-stroke)

118 2 1.2 98

Gasoline motor
scooter (4-stroke)

70 2 1.2 64

Gasoline car 293 5 1.2 244

Gasoline taxi car 293 5 0.5 586

Diesel car 172 1.2 1.2 143

Diesel minibus 750 20 15 50

Diesel bus 963 80 65 15

Compressed natural
gas bus

1,050 80 65 16

Diesel articulated bus 1,000 160 130 7
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Four Key Elements of World Bank UTS Review

(i)

Structural land-
use changes

(ii)

Improved
operational
efficiency of

transport
modes

(iii)

Better
focusing of
pro-poor

interventions

(iv)

PIF

Reforms

(i) Modal shifts

(ii) NMT

(iii) Fuel-cell or battery-
operated 2- or 3-wheel
vehicles

(iv) Hydrogen- powered
fuel cells or battery-
operated public or freight
vehicles

(v) ICE-electric hybrid
vehicles

Priorities of
the GEF
OP11

(vi) Advanced biofuels
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Four Key Elements of World Bank UTS Review

(i)

Structural
land-use
changes

(ii)

Improved
operational
efficiency of

transport modes

(iii)

Better focusing
of pro-poor

interventions

(iv)

PIF reforms

(i) Public rapid
transit

(ii) Transport-
demand
management

(iii) NMT

Priorities of
GEF/STAP for
modal shifts
to sustainable
urban
transport
modes

(iv) Land-use
planning
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4.0
PRIORITIES FOR THE

WORLD BANK FOR

CLIMATE CHANGE

MITIGATION IN THE URBAN

TRANSPORT SECTOR
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APPENDIX 1
TRANSMILENIO — BOGOTA’S
BUS RAPID TRANSIT SYSTEM

$
�	��&� 	�������	��&� �	
�
��� ����&� 	��

$	
����	���������A

• ������
�
�������
	�
��������$�@���
	�
��

��$�	�
��&�6����&�	����$�������A�
���6�

�����

#	��������


• �� �
	���	
���� �	
�� �������
��� �����$

@�E�
�$���&� �	
�?6	���&� 	��� �
���
	
�

$	�	��$���A�
���6�������

#	��������


• ����
$	�������6�
��
���
���
���
����	
��

�����	��
��&����
	�
��&�	�������
��!

��$����	��
���������������$�	
��	���������7

• �������	
���
	����
����
��	
�
���	����6����

��	�������������09*��	������
�!

•  ��
��	
����	�
�����#�
��<**�$���
��	��

��
$
�	���	���
���
��	������	�
����	�����

��������	��� �
������ ��	���	������
���	�

����
�������

��

�����
��������
�6�����@3*?

���1*?�	������
��	�	�
��A��
�������	�
��

	���8�
	��	
�!

• �	��� 	
�
���	���� 6��� �	�� 	�=��� @���6	�

���
�
��
��������$A�����������6���	����
��

���	�����
��������
&����
�������
�E�����&

���
�
��&�	���������	
������
�����!



��

���������	�
�����������

��
��	������
����
��
�������
�

• 5	
���	
���	
��6���
������

���������	�
���

��
���	��	
�������$!

•  ����������
��	

�����
��������
	�
���
�?

���������
	��
��	�
�	����
�#
�
���6�����
?

#
����	�����$���
��	���
���
�	�
��	��
�?

#����
�&���
��� ���� �����
� 6��� ��
#
��� 
�

����
	�������������8
��
����
	����
����$?

�	�
��!

 ����

�����	���������������$&��	
�
	��������


���
	�
��&���$�

����3>*�	
�
���	����6����

	���30��$�������
��	����6���	�!� ������	�

����� ��� ���� �

��� ��	����	��4�N)0+�$
��
��

��
������
8���
��
	��
����
�������4�N00<�$
�?

�
�����
�����6����&���
�����
���
�	�����6�

�����

#	������
	��
�!� ��������$�
��$	�	���

6�� 	� ���� ��6�
�� ��$�	��&�  
	���
���
�

�!�!&��������6��	�+���
�������#����������
����

�	���!� �����$�	������
	����	�����
������?

��
���	������
#
������
#
���	����	������
�	�?

����!� ��� ��� "���� )**)&� 

��
��
�� ��

 
	���
���
���	�� 91*&***� �	������
�� ��


�	�&�	��	��
�������������4�N*!+9&�	����������?

��$����
	�����
��������6�
�
��!���	����..�	��

...�	
���
�����������8�	������������$����
�?

������))���


��
����	��������$����������?

$	������	6����1<���
�������������

���$	��


��(����	!

.��	��
�
�������8����
#��6���	��&�����2
�����

(����	��	��)+*��$����6
����	�����
�����	��

���
��
�	�����
�����+<*��$H��8�	������
��?

�	���H�	6����0&0**������	
��H�	���	�0>?�$

������

	������!��$�������� %��$�	��
��


���
������	
����
6
��
����

#	����	
�������?

�
	��� 
�� (����	� ��

��� ����$�
�
��� 	��

�#��
�����	��� @������	
�� 	
�� 
����
�
���6�

���� �	��� ���
� �
�
��� ��� ���

� �
������ ��	��A!

�	
�
����������
��
��
�	����6��0**���
����&

	����	���
����	8���
��
�	����6��)*���
����!

(���	
�����
��6�
�������
�#������������
�$

�	
�
���
����	������������
���	��!��������
�?

$��
��	��$�	��
��
��K�	
?�
����	�&L����������


��	���	
����	�������	�&�	����	
?�
������?

�	�������	
�
���	
�
�	��!

 �����$6
�	�
����������(� &� %�&�	����� 

$�	��
���
��������
������
�����
�������

#	��

�	
��	����	8
��

����
�$�0:!>����0>!<���
����!

��6�
���
	��
���	������
��

���
��
�	�����
�$

9>����91���
���������������	���

��&�	����
	#��

�
$���	��
�������6��+)���
����!

����
�� �'�
��� (	��� )**)H�,���� 	���'

���
)**)H�=�5�)**)	H��
�
�	�	�������������)**)!



��

 �������
�������������$	����
	��
�������$�
�

2�

�
6	�6��	���
����
���
#
��������
������?

��
� 6�� ��#����
��� 	� ����� �
	��
�� 

��� 
���?

�
	�����
���	���

������ �	��� 
������6������

����$	
�����	����
������������
��!� �
����
$
?

�	���������������
����
	����
������������
	�

6��
����� �
��

��&���
����	�� ����� 
���
#��

��
�������

	���	������	���
	��
�!

 ����

����8����
#��6����	��&��������
��0:>3&

�	��)*��$� �����	��� �
����� ������
���	��

������
���	
�����������
��!� ����8����
#��6��

�	������	6��������6��������$	
��	
��	������

���+*����!� �
����
��O�������8�
����	8
���	�

�
����������������
��	
�����������
���6�����?

#���
��	��6����!�.������������
����
#����	
�&

$	��� �
	����
�� ��
$
�	��� 	��� 	�� �	��O����

�
�����
��6�
��!

.��0:1*&�	��
������	
���	��
��
������&���
��

$�	��� ��	�� �������
��
� ���
�������6�
�
���

������������� ���� �����
�����!� �
�� ��	6���

�����
���
��
������
����������
�	
�	�&�������
�

APPENDIX 2
THE MASS TRANSIT SYSTEM

IN CURITIBA, BRAZIL
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APPENDIX 3
ESTIMATED ENERGY

AND GHG REDUCTIONS OF

VARIOUS TRANSPORT OPTIONS

Measure Savings/Benefits Reference
Public Rapid Transit Systems
BRT
system (Bogota, Colombia)

Air pollutants reduced by 40%
Travel time reduced by 32%

1
World Bank. 2002b. Cities on the Move--A World
Bank Urban Transport Strategy Review: Private
Sector Development and Infrastructure.
Washington, D.C.

GEF. 2001. “Project Brief: Mexico-- Introduction
of Climate-Friendly Measures in Transport”

Combination of BRT, TDM,
and NMT measures (Bogota,
Colombia)

Reductions of 318 MT of CO2, SO2 by
40%, and PM by 10%, in 2001 as
compared to 1997
Reduced private car taxi trips from 19.7%
to 17.5% of trips
Bike trips increased from 0.5% to 4% of
trips

Hook, W., and L. Wright. 2002. “Reducing GHG
Emission by Shifting Passenger Trips to Less-
Polluting Modes.” Background Paper for the
Brainstorming Session on Non-Technology
Options for Stimulating Modal Shifts in City
Transport Systems held in Nairobi, Kenya.
STAP/GEF. Washington, D.C.

Trolley bus rapid transit
system
(Bogota, Colombia)

Ridership per bus rose from 312 to 1,807
passengers per day

2
GEF. 2001. “Project Brief: Mexico - Introduction
of Climate Friendly Measures in Transport.”

Exclusive busways (Lima,
Peru)

6.0 million bus kilometers saved per
annum

3
GEF Project Document. “Public Transport
Improvement Program in Lima, Peru.”
<<www.gefonline.org>>.

Traffic-Demand Management
Computerized control of traffic
signals (Singapore)

Average vehicle travel speed rose from 4
km/hr to 6 km/hr
Energy saving of 307GJ per weekday

Fwa, T. F. 2002. “Transportation Planning and
Management for Sustainable Development–
Singapore’s Experience.” Paper presented at a
Brainstorming Session on Non-Technology
Options for Stimulating Modal Shifts in City
Transport Systems held in Nairobi, Kenya.
STAP/GEF. Washington, D.C.

Optimal road pricing based on
congestion charging (London,
UK)

Reduction of emissions
- CO: 42%
- VOCs: 38%
- NOx–21%
- PM–27%
- CO2–37%

Maddison, D., D. Pearse, O. Johansson, E.
Calthrop, T. Litman, and E. Verhoef. 1996. The
True Costs of Road Transport. London:
Earthscan Publications Ltd.

Congestion pricing of the
Namsan Tunnels (Seoul,
Korea)

- Reduction of 34% peak passenger
vehicle volume
- Average travel speed increased by 50%
(from 20kph to 30kph)

World Bank. 2002b. Cities on the Move--A World
Bank Urban Transport Strategy Review: Private
Sector Development and Infrastructure.
Washington, D.C.

Fuel pricing and taxation 15%–20% for vehicle operators Martin, D., D. Moon, S. Collings, and A. Lewis.
1995. Mechanisms for Improved Energy
Efficiency in Transport. Overseas Development
Administration. London, UK.

Promoting one car-free day
per week (Mexico)

Reduction in private car use (modal share
reduced from 25% to 17%)

Prointec Inocsa Stereocarto, Urban Public
Transport Systems Integration and Funding,
Paper prepared for the World Bank urban
transport strategy, 2001, Washington, DC.
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Demonstrations and
information dissemination
programs

10% energy savings from users in the
target subsector

Martin, D., D. Moon, S. Collings, and A. Lewis.
1995. Mechanisms for Improved Energy
Efficiency in Transport. Overseas Development
Administration. London, UK.

Fleet management in form of
training programs and
equipment purchase for engine
maintenance

-Operating procedures such as
monitoring and targeting
programs
-Training of drivers and
incentive schemes

5%–10% energy savings per vehicle

20% energy savings per vehicle

5%–10% energy savings for bus
operators

Martin, D., D. Moon, S. Collings, and A. Lewis.
1995. Mechanisms for Improved Energy
Efficiency in Transport. Overseas Development
Administration. London, UK.

Travel blending/social
marketing (Santiago and
Australia)

17% reduction in car trips
23% reduction car driver km
17% reduction in travel time
6% decrease in auto use

4

Increase in public transport trips from 6%
to 7%
Increase in cycling from 2% to 4%

Hook, W., and L. Wright. 2002. “Reducing GHG
Emission by Shifting Passenger Trips to Less-
Polluting Modes.” Background Paper for the
Brainstorming Session on Non-Technology
Options for Stimulating Modal Shifts in City
Transport Systems held in Nairobi, Kenya.
STAP/GEF. Washington, D.C.

Non-Motorized Transport
Promotion of non-motorized
transport

100% energy savings for substituted trips Martin, D., D. Moon, D., S. Collings, and A.
Lewis. 1995. Mechanisms for Improved Energy
Efficiency in Transport. Overseas Development
Administration. London, UK.

Bicycle network (Delft, The
Netherlands)

Modal increase in bicycle usage from 40%
to 43%

Interface for Cycling Expertise, 2000. The
Significance of Non-Motorized Transport for
Developing Countries: Strategies for Policy
Development. Utrecht, The Netherlands.
<<www.cycling.nl/publications/sign_non_mot_tra
nsport.pdf>>

Modern Indian rickshaws 3.2 tons of CO2 emission reduction per
day

Hook, W. and L. Wright . 2002. “Reducing GHG
Emission by Shifting Passenger Trips to Less
Polluting Modes.” Background Paper for the
Brainstorming Session on Non-Technology
Options for Stimulating Modal Shifts in City
Transport Systems held in Nairobi, Kenya.
STAP/GEF. Washington, D.C.

Bicycle path network (Tamale,
Ghana)

The 60-km bikeway resulted in bicycles
accounting for 65% of transport trips in
Tamale

Moving the Economy, 2002. “Mobility in the
Developing World” (Case Studies)
<<www.movingtheeconomy.ca>>

Land-Use Planning
Land-use planning combined
with traffic management

20%–30% energy savings for bus
operators

Martin, D., D. Moon, S. Collings, and A. Lewis.
1995. Mechanisms for Improved Energy
Efficiency in Transport. Overseas Development
Administration. London, UK.

Area licensing scheme
(Singapore)

1.043GJ per day energy savings
Total vehicular traffic reduced by 50%;
private traffic reduced by 75%
Travel speed increased from 20 to 33 kph,
saving time and energy while engines
were idling

Fwa, T. F. 2002. “Transportation Planning and
Management for Sustainable Development–
Singapore’s Experience.” Paper presented at a
Brainstorming Session on Non-Technology
Options for Stimulating Modal Shifts in City
Transport Systems held in Nairobi, Kenya.
STAP/GEF. Washington, D.C.

Measure Savings/Benefits Reference
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APPENDIX 4
ESTIMATED COSTS OF

VARIOUS TRANSPORT OPTIONS

Transport option Estimated cost (US$) Location

Bicycle 50 per bike

Busway (infrastructure only) 1.5 million per km

Trolley bus rapid transit and associated
infrastructure

5 million per km
1

Quito, Ecuador

BRT and associated infrastructure 2.5 million per km Quito, Ecuador

Bus rapid transit and associated
infrastructure

8 million per km
2

Bogota, Colombia

LRT 15–30 million per km

At-grade metro 15–30 million per km (2000 prices)*

Elevated metro 30–75 million per km (2000 prices)*

Underground metro 60–180 million per km (2000 prices)*

MRT 114–133 million per km (1998 prices) Hong Kong

MRT 46 million per km (1998 prices) Singapore

LRT at grade 27 million per km (1998 prices) Manila

LRT at grade 42 million per km (1998 prices) Kuala Lumpur

�
����J�D������	�����������	��������4�������%����

���D������	�������
����	����$@����

	�����	��������	���	
	����������	��5�����H7&@3�#���

���6=��
���	�����
������%�'����
	2�
����	�����
��	������#������������5�����H7&(���

���6=������
�����	��5�����H%�#���

���6=��������'	���������	��5�����H%
��

���6��
���������
��H7&$(�3���

��������������H7&$�����

�����	��'��

%��D������	����
��	��#%�'��������
�����@(��������
��	������'����	��������������		�	�����	��

�
������>�2�%����



��

���������	�
�����������

��
��	������
����
��
�������
�

�
����

��������	������	��������	����	��������������
��	�����	��

%��4������������>�
����5%���6���	������������	������	�	
�������������	��
�

������7&H������A@�������
��
	��	
���	�	

���	��������	����������	����������������	������	�	
�������������	�������7&H#�����A($������ ����	�
���	�����	���		�
D����  ��������������	����	��
��
�������7&H�������A�$������� ��8�����4�	��������������
���	�	
��������	�
		��7&H%$�����
����%($������
��
	����������CD�/�D����  ���	�	
����	��������	�
		��7&H�.�����A#$������

#���8!����	��������	�3�I������I�
	����C��������.3I�
	���0)������������$.I�
	���8C
2
��������	�	
����	���54
�	������	

>�	
��/�����	��	��%��%6�

@��90!����	��������	�@�I����3�I�
	����C��������	�	
����	��

�
�������!D>�%��%���1��
��+��'�%��%��

Propulsion technology Cost per vehicle (US$)
1

Diesel 30,000–100,000
2

Clean diesel/trolley 100,000–250,000

CNG,
3

LPG
4

bus 150,000–350,000

Hybrid electric bus 200,000–400,000

Fuel-cell bus 1.0–1.5 million

Metro rail car 1.7–2.4 million
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APPENDIX 5
INVESTMENT COST, CARRYING

CAPACITY, AND CO
2
 EMISSIONS

Technology Cost per unit (US$)

Maximum
number of

passengers
1

CO2-equivalent
emissions

(gram/passenger/km)

Bicycle 50 2 0

Diesel bus 30,000–100,000 80 15

CNG bus 150,000–350,000 80 16

Fuel-cell bus 1.0–1.5 million 80 0

������������

�
�������!D>�%��%=�1��
��+��'�%��%�=����'�����1�������%��%�

���������	�������

Networks

Cost per
kilometer

(millions US$)

Maximum capacity
(passengers per hour

per direction) Reduction in CO2 emissions

Bicycle ways 0.016– 0.0231 15,02 100%

BRT 1.5–5.0 10,000–20,000
2

318 metric tonnes reduction
in CO2 per day in 2001
compared with 1997 levels

3

LRT 15–30 10,000–12,000 -

Metro

- At grade

- Elevated

- Underground

15–30

25–80

60–180

Over 60,000 -
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Category
Bus cost

(thousands US$) Other costs

Secondhand bus in developing countries
(conversions from diesel trucks), seating 25–
40

10–40 -

New diesel bus produced by indigenous bus
companies in developing countries

30–75 -

New diesel bus produced in developing
countries by international bus companies that
meet Euro II

100–150 Some retraining costs and possibly
higher spare parts costs

Standard OECD Euro II diesel bus 180–350 -

Diesel with advanced emissions controls 5–0 (more than
comparable diesel bus)

If low-sulfur diesel, up to 10 cents
per liter higher fuel cost (for small
imported batches)

CNG, LPG buses 25–50 (more than
comparable to diesel
bus)

Fuel infrastructure costs could be
up to several million US$ per city

Hybrid electric buses (on a limited production
basis)

100–150 more than
comparable diesel bus
(less in DCs)

Significant costs for retraining,
maintenance, and spare parts

Fuel-cell buses (on a limited production basis) 1,000 (1 million US$)
more than comparable to
diesel buses, even in
LDCs at this time.

With up to US$5 million per city for
refueling infrastructure and other
support-system costs
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Road space
Fuel use

(CO2) HC CO NOx PM

Percentages

Optimistic Scenario
2

Standard diesel bus -92 -72 -99 -97 -66 -83

Euro II bus -92 -72 -100 -100 -66 -96

Euro IV bus -92 -72 -100 -100 -93 -98

Zero-emissions bus -92 -78 -100 -100 -100 -100

Pessimistic Scenario
3

Standard diesel bus -39 +50 +68 +46 +85 +41

Euro II bus -39 +50 -60 -77 +85 -65

Euro IV bus -39 +50 -92 -94 -63 -86

Zero-emissions bus -39 +20 -100 -100 -100 -100
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