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The rapid increase in global trade has been 
a key engine of growth and poverty reduc-
tion in developing countries, as shared in a 
World Bank press release announcing the 
release of a 2021 report, The Distributional 
Impacts of Trade: Empirical Innovations, 
Analytical Tools, and Policy Responses (Engel 
et al. 2021). From 1990 to 2017, global 
poverty fell from 36 percent to 9 percent 
as developing countries increased their 
share of global exports from 16 percent to 
30 percent. Countries open to international 

trade tend to grow faster, innovate, improve 
productivity, and provide higher income 
and more opportunities to their people. 
Open trade also benefits lower-income 
households by offering consumers more 
affordable goods and services. 

However, while trade agreements and 
liberalization through the reduction of 
tariffs are necessary to boost trade, they 
are not necessarily sufficient if more funda-
mental conditions—such as infrastructure 
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connectivity—are lacking. For example, 
Africa has seen massive trade liberalization 
in the past three decades. But the success 
of translating reduced tariffs into increased 
international trade has been limited and 
geographically unbalanced. One of the 
main reasons for this is the high cost of 
moving goods within countries and poor 
infrastructures. 

In this context, the new agreement on 
the African Continental Free Trade Area 
(AfCFTA) offers a unique opportunity to 
boost growth and job creation through 
the intensification of trade between coun-
tries across the continent. The potential 
of regional trade in Africa remains largely 
underexploited. To date, trade between 
African countries represents only 12 percent 
of total trade—against 60 percent between 
countries in Europe and 40 percent in Asia. 
These figures can be explained by high 
internal transport costs, as well as other 
factors such as the structure of the produc-
tive base, a high rate of informality, and 
the rise of conflicts across the continent. 
An important policy question, then, is how 
do regional road corridors contribute to 
the development of trade both within the 
African continent and between Africa and 
the rest of the world?

Given recent advances with the long-
awaited AfCFTA agreement, it would be 
damaging for the resulting economic ben-
efits not to materialize due to high internal 
transport costs. Fontagne et al. (forth-
coming) investigate the economic benefits 
from both pillars of continental integration: 
massive investments in infrastructure 
and the signing of the Pan-African Trade 
Agreement. Both reduce trade frictions, but 

infrastructure development has potentially 
complex effects on trade and income gains 
as it reduces both domestic transport times, 
transport times between African countries, 
and those between African countries and 
third countries. 

Fontagne et al. (forthcoming) first under-
take a large data collection effort to map 
the different Program Infrastructure 
Development for Africa (PIDA) projects 
related to road, port, and border invest-
ments (figure 10). They use a network 
analysis to compute the travel time between 
major African cities and cities in the rest of 
the world before and after the PIDA invest-
ments listed in figure 10. Table 1 reports 
the change in shipping times under four 
scenarios. Overall, the average transport 
times for all pairs of countries will decrease 
by 0.4 percent in the first scenario, by 7 
percent in the second, by 6 percent in the 
third, and by 11 percent in the last and most 
complete scenario. The large reduction in 
average transport time associated to port 
investments and the new one-stop border 
posts (OSBPs) indicates the importance of 
sea and land border delays for connectivity 
in Africa and highlights the complemen-
tarity between transport infrastructure and 
trade facilitation reforms.

The rapid increase in global 
trade has been a key engine of 
growth and poverty reduction 
in developing countries.
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Figure 10. New Investments in Roads, Ports, and Border Posts

Source: Fontagne et al. (forthcoming).
Note: PIDA =  Program Infrastructure Development for Africa; OSBP = one-stop border post. 

Table 1. Change in Transport Times between African Countries and the World

Scenario Average change in 
transport times to 

Africa

Average change in 
transport times to the 
rest of the World, not 

excluding Africa

Average change 
in transport times 

to the World

1 Only road improvements –1% –0.2% –0.4%
2 Road improvements and new ports –10% –6% –7%
3 Road improvements and new OSBPs –14% –3% –6%
4 Road improvements, new OSBPs and port 

investments 
–20% –7% –11%

Source: Fontagne et al. (forthcoming). 
Note: OSBP = one-stop border post.

The analysis relies on a general equilibrium 
model to quantify the trade and welfare 
impacts of counterfactual scenarios of 
trade and transport reforms. Specifically, 
the research investigates three scenarios: 
(1) signing of a deep trade agreement, the 
AfCFTA, linking all African countries; (2) 

completion of the PIDA transport infrastruc-
ture and border posts projects (figure 11); 
and (3) combination of these two trade and 
infrastructure/trade facilitation reforms. This 
quantification exercise helps to identify prior-
ities for reform to improve connectivity and 
integration prospects for countries in Africa.
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Fontagne et al. (forthcoming) show the 
growth of exports and gross domestic 
product (GDP) could be up to 5 times 
higher if the AfCFTA was accompanied 
by substantial investments in transport 
infrastructure—mainly roads and ports—as 
well as a substantial reduction in border 
crossing times. Signing a deep trade agree-
ment linking all African countries without 
removing the important gaps in terms of 
infrastructure and the large trade facilita-
tion bottlenecks would lead to an increase 
in trade integration and GDP, but these 
gains would be limited. A combination of 
deeper trade agreements, improvements 
in transport infrastructure and of trade 
facilitation reforms would lead to a boost 

in exports for African countries by 12.2 
percent and GDP by 2.2 percent per year 
relative to the baseline.

In addition, Fontagne et al. (forthcoming) 
show the impacts on trade and welfare differ 
across countries, depending on the level of 
new infrastructure investments and the com-
parative advantage of countries in trading 
with others. While all African countries have 
positive trade and welfare effects from trade 
and transport reforms, these gains are not 
uniformly distributed. Countries such as 
the Bostwana, Nambia, Swaziland, Zambia, 
and Zimbabwe have the largest percentage 
improvements in GDP (figure 11). 

Figure 11. GDP Gains from PIDA Investments and the Signing of a Deep Trade Agreement

Source: Fontagne et al. (forthcoming).
Note: PIDA =  Program Infrastructure Development for Africa.
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Complementing the previous study, 
Lebrand (2021) zooms in on one particularly 
important regional trade corridor—the 
Dakar–Lagos motorway corridor—which will 
serve the capitals of The Gambia, Guinea-
Bissau, Guinea, Sierra Leone, Liberia, Côte 
d’Ivoire, Ghana, Togo, and Benin. This 
project, which aims to support trade among 
the coastal economies of West Africa, is 
inspired by the successful development of 
the priority corridors of the Trans-European 
Road Network, which have made it possible 
to create a genuine single European market 
and to develop cross-border value chains. 
As of today, it is generally cheaper to trade 
goods from coastal nations in West Africa 
with China, than it is to exchange goods 
within West Africa itself (World Bank’s Trade 
Cost Database for 2017). The reason for this 
is not only poor-quality road infrastructure, 
but also lengthy border delays. This leads 
to a further important question: To what 
extent can the benefits of regional road cor-
ridors be amplified through complementary 
measures aimed at reducing border delays?

Lebrand (2021) shows the modernization 
of the Dakar–Lagos regional road corridor 
brings considerable economic benefits in 
relation to the investment costs, with a 
benefit-cost ratio estimated at around 3. 
However, this corridor traverses as many 
as 11 border crossings over a distance of 
4,560 kilometers, introducing delays per 
border that range from several hours to 
several days, due to the remarkably slow 
and inefficient border arrangements. As a 
result, the economic benefits of the road 
corridor improvements would be both 
doubled overall and more equitably spread 
across the region, if such investments were 
combined with measures to reduce current 
border crossing times. As illustrated in 
figure 12, the associated gain in income 
for the regional population are expected 
to be greater for countries at the western 
end of the corridor (+ 10 to 20 percent) 
than for countries at the eastern end of the 
corridor (+5 to 10 percent). This is due to 
the fact that countries at the eastern end of 
the corridor (such as Benin and Togo) are 
already proximate to the largest market in 
the region to be found in Nigeria, whereas 
countries towards the western end of the 
corridor (such as Guinea-Bissau, Liberia, 
Sierra Leone) are typically smaller, more 
fragile, and more remote from economic 
centers and as such have more to gain from 
the investment. An important policy impli-
cation is that road corridor projects need to 
be combined with soft measures targeted at 
reducing border delays.

New agreement on the 
African Continental Free 

Trade Area offers a unique 
opportunity to boost growth 

and job creation through 
the intensification of 

trade between countries 
across the continent.

https://documents.worldbank.org/en/publication/documents-reports/documentdetail/585581637328017410/
https://www.unescap.org/resources/escap-world-bank-trade-cost-database
https://www.unescap.org/resources/escap-world-bank-trade-cost-database
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/585581637328017410/
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Figure 12. Income Gains from Upgrading the Dakar–Lagos Corridor with and 
without Major Reduction in Border Delays

Source: Lebrand 2021.
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Boxes 1 and 2 present the aggregate and 
subnational welfare impacts of the large 
transport investments complemented with 
electrification and trade facilitation pro-
grams. Herrera-Dappe and Lebrand (2021) 
and Lebrand (2022) show the impacts on 
welfare differ across countries. 

The Abidjan–Lagos corridor illustrates how 
the benefits of regional corridors may be 
distributed differently across and within 
countries. Simulations from Herrera-Dappe 
and Lebrand (2021) and Lebrand (2022) 
quantify the subnational and aggregate 
gains from new corridors of interest for 
the World Bank: a series of regional cor-
ridors in the Horn of Africa (figure B1.1) 

and the road and rail corridors in Chad and 
Cameroon (figure B2.1). These shed further 
insight on the spatial distribution of invest-
ments in regional transport corridors. 

In the Horn of Africa, Somalia will benefit 
the most from the transport as well as com-
bined energy and transport investments as 
the new road corridors will largely increase 
its access to bigger regional markets and 
lead to important reduction in prices for 
goods exchanged in the region (table B1.1). 
However, the effects differ across locations 
within country. The road investments will 
primarily benefit the border locations that 
gain the most in terms of market access. 
While some regions do not benefit from 

https://documents.worldbank.org/en/publication/documents-reports/documentdetail/585581637328017410/
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/243731638286142370/
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/340011642085169636/
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/243731638286142370/
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/243731638286142370/
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/340011642085169636/
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road investments alone, all regions gain 
when infrastructure investments are com-
bines with trade facilitation measures, as 
these help to amplify the affected area 
(figure B1.2).

Around Lake Chad, the gains from trans-
port investments will mainly benefit Chad 
whose domestic integration and access to 
larger markets in Cameroon and overseas 
are greatly improved. However, those gains 

would be larger when complemented by an 
electrification program and trade facilita-
tion policies. The locations near the lake at 
the intersection of Nigeria, Cameroon, and 
Niger will benefit the most from a better 
access to bigger markets and lower prices 
(table B2.1 and figure B2.2), while the 
southern area around Douala and Yaoundé 
in Cameroon will gain a lot from its existing 
advantage in the manufacturing sector.

Box 1. The Benefits from New Corridor Investments and Complementary Policies in The Horn of Africa

Table B1.1. Counterfactual Increases in Real Income 
in Horn of Africa, by Country (Percentage)

Figure B1.2. Subnational Impacts of Proposed and 
Complementary Investments  in the Horn of Africa

Figure B1.1. Proposed Road Corridors in the Horn of Africa

Roads only

Roads, electricity 
and borders

Scenarios Total Ethiopia Djibouti Somalia Kenya

Electrification only 3.5 4.8 1.7 3.5  0.9

Roads only 1 1.3 0 1.4  0.7

Roads and trade 
facilitation

4.3 3.9 5.3 6.3 4.9

Roads and 
electrification

2.1 2.6  7.6 6.2  0.3

Roads, trade 
facilitation and 
electrification

7.8  9 8.6 10.1 5.1

Source: Herrera-Dappe and Lebrand 2021.

https://documents.worldbank.org/en/publication/documents-reports/documentdetail/243731638286142370/
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Box 2. The Benefits from New Corridor Investments and Complementary Policies in Lake Chad

Table B2.1. Change in Welfare in Counterfactual 
Scenarios in Lake Chad Countries (Percentage)

Figure B2.2. Subnational Impacts of Proposed and 
Complementary Investments in Lake Chad Countries

Figure B2.1. Proposed Cameroon–Chad Road and Rail Corridors

Roads and rail

Transport, borders 
and electrification

Scenarios Total Ethiopia Djibouti Somalia Kenya

Road (Chad) 0.03 0.0 0.23 0.02 0.1

Road and rail 0.13 0.5 0.7 0.03 0.8

Electrification 4.4 5.7 5.2 4.2 5.6

Electrification + road 
and rail

4.6 6.1 6 4.3 6.3

Road and rail + border 2.5 2.8 3.7 2.3 4.8

Electrification + road 
and rail + border

7.1 8.7 9 6.8 10.7

Source: Lebrand 2022.

https://documents.worldbank.org/en/publication/documents-reports/documentdetail/340011642085169636/
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Conclusion

Emerging findings from the application 
of such new analytical tools will hope-
fully enable a more comprehensive and 
meaningful appraisal of investments in 
transport infrastructure in the future. These 
results provide rigorous evidence for the 
wider economic impacts and allow a more 
realistic and comprehensive estimation of 
the economic benefits of transport invest-
ments. At the same time, they can inform 
project design by shedding light on key 

complementary areas of investment and 
policy reform that may further amplify 
the economic impact of transport invest-
ments as well as clarifying which locations 
are best placed to benefit from different 
interventions. In addition, the same tools 
can be adapted to answer a wider range of 
questions regarding the impact of trans-
port investments on food security, poverty 
reduction, conflict, and climate change.
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Identifying and 
Quantifying the Economic 
Benefits of Bicycle Lanes

Bicycle infrastructure in Latin 

American cities has grown rapidly 

over the past decade. Cities such as 

Buenos Aires, Bogotá, and Santiago 

have more than doubled the length of 

their cycling networks in less than 10 

years. In Buenos Aires, daily bicycle 

trips grew from approximately 176,000 

in 2013 to more than 405,000 in 2020, 

and the bicycle lane network has grown 

from approximately 35 kilometers in 

2010 to more than 260 kilometers in 

2020. Aiming to provide a rigorous 

evaluation framework to inform fur-

ther network expansions, this article 

showcases a study of the economic 

benefits of bicycle lanes and discusses 

the application of an ex-post cost ben-

efit analysis on two new bicycle lanes 

in the city of Buenos Aires, in Avenida 

Corrientes and Avenida Córdoba.

Authors: 
Javier Morales 
Sarriera, The 
World Bank, and 
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World Resources 
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Economic evaluations of bicycle 

infrastructure are scarce, but they in 

general consider at least four types 

of benefits: (1) health benefits from 

physical activity estimated as a reduc-

tion in the mortality rate, (2) travel 

time savings for cyclists and travelers 

switching to cycling, (3) reduction of 

road crashes, and (4) reduction of air 

pollution and greenhouse gas (GHG) 

emissions due to the shift from motor-

ized modes of transportation to cycling. 

Bicycle infrastructure brings addi-

tional, seldom monetized benefits, most 

notably enjoyment, noise reduction, 

option value—as the willingness to pay 

for having access to a cycling lane, even 

without the likelihood of an individual 

using it—and more compact and acces-

sible land use, among others. 

The results for Buenos Aires show 

substantial economic benefits for the 

two bicycle lanes analyzed, with health 

benefits accounting for 60 percent and 

travel time benefits accounting for 28 

percent of total benefits estimated. 

A benefit-cost ratio of 5.7 and an eco-

nomic rate of return of 113 percent 

resulted from the significant observed 

increase in cycling on the two new 

bicycle lanes.

Introduction
Bicycle use as a mode of transportation 
is associated to multiple health and 
environmental benefits, as it promotes 
physical activity, does not generate emis-
sions, imposes less severe injury risk to 
third parties in traffic, and improves the 
livability of cities. 

To promote these benefits along with 
tackling traffic congestion problems, 
many cities around the world started 
to support bicycle use as a sustain-
able transport solution. One of the 
main actions to promote cycling is 
the construction of dedicated cycling 
infrastructure. 

During the past decade, Buenos Aires 
has been one of the Latin American cities 
to consistently invest in bicycle lane 
infrastructure, as it started the construc-
tion of a protected lane network in 2009 
(OMSV 2021a). This network is physically 

https://blogs.worldbank.org/team/javier-morales-sarriera
https://blogs.worldbank.org/team/javier-morales-sarriera
https://www.wri.org/profile/adriana-jakovcevic
https://www.buenosaires.gob.ar/sites/gcaba/files/informe_movilidad_ciclista_2010-2020_5.pdf
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separated from traffic, bidirectional, and 
mainly placed in secondary roads. This 
network grew from the administrative and 
commercial area of the city to the residen-
tial zones, connecting different strategic city 

points such as transport hubs, universities, 
schools, and hospitals. In 2020, the network 
reached 265 kilometers of bicycle lanes 
(OMSV 2021a; also see figure 1).
This action, together with the 

Figure 1. Map of Buenos Aires Cycling Network

Source: Secretary of Transport, GCBA 2018.

Note: Yellow lines: Buenos Aires cycling network; violet lines: Avenida Córdoba and Avenida Corrientes lanes.

implementation of a shared bicycle system 
as well as with multiple cycling promotion 
programs (GCBA 2018), led to a signifi-
cant increase in the number of cycling 
trips. While in 2013 riders completed 

approximately 175,000 daily bicycle trips, in 
2020 trips totaled more than 405,000, rep-
resenting a 131 percent increase in bicycle 
use (OMSV 2021a; also see figure 2).

https://www.buenosaires.gob.ar/sites/gcaba/files/informe_movilidad_ciclista_2010-2020_5.pdf
https://www.buenosaires.gob.ar/ecobici/historia-de-la-bici
https://www.buenosaires.gob.ar/ecobici/historia-de-la-bici
https://www.buenosaires.gob.ar/sites/gcaba/files/informe_movilidad_ciclista_2010-2020_5.pdf


SPRING 2022 EDITION 57

Figure 2. Number of Daily Cycling Trips and Accumulated Kilometers of Cycle Lanes, Autonomous City 
of Buenos Aires, 2013 to 2020

Source: OMSV 2021a.

D
ai

ly
 c

yc
lin

g 
tr

ip
s

Ac
cu

m
ul

at
ed

 k
m

 o
f c

yc
le

 la
ne

s

Daily cycling trips Accumulated km of cycle lanes

450,000

400,000

350,000

300,000

250,000

200,000

150,000

100,000

50,000

0

300

250

200

150

100

50

0
2013 2014 2015 2016 2017 2015 2019

In 2020, to face the mobility challenges 
associated with the COVID-19 pandemic, 
Buenos Aires built 17 kilometers of new 
bicycle lanes, that, as opposed to most 
other existing lanes, were placed in two 
of the main avenues of the city: Avenida 
Córdoba and Avenida Corrientes (see 
figure 1). To achieve a rapid implemen-
tation, these lanes were constructed with 
tactical urbanism, which implies the use of 
paint markings and plastic bollards to sep-
arate cyclists from traffic. Moreover, these 

lanes have several characteristics that 
distinguish them from the previous ones 
and align them with international recom-
mendations for bicycle lane construction 
(WRI 2021): Each is 3 meters wide, allowing 
comfortable turns and physical distancing; 
unidirectional, increasing safety; more 
direct, contributing to a 10 percent travel 
time reduction for cyclists; and, impor-
tantly, well connected with the network 
as well as with main city attractions (see 
design details in figure 3).

https://www.buenosaires.gob.ar/sites/gcaba/files/informe_movilidad_ciclista_2010-2020_5.pdf
https://doi.org/10.46830/wrigb.20.00063
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Figure 3. Design Details of Corrientes Avenue Cycling Lane, Buenos Aires, Argentina

Source: Secretary of Transport, GCBA 2018.

As a consequence of the new patterns of 
mobility during the COVID-19 pandemic, 
the city of Buenos Aires registered a 28 
percent increase in the number of cycling 
trips in comparison to 2019. This increase 
was greater in the intervened avenues, on 
average 107 percent—while bicycle traffic 
in parallel streets increased 8 percent. An 
estimation based on Buenos Aires cyclists’ 
counts indicated the new lanes generated 
at least an additional 3,752 new daily 
cycling trips, controlling the number of 
trips that could have be reassigned from 
other routes. This means that in Avenida 
Córdoba and Avenida Corrientes, 221 new 
cycling trips per kilometer of bike lane were 
observed after the implementation.

Also, a greater growth in the number of 
cycling trips by women compared to men, 
especially on Avenida Córdoba and Avenida 
Corrientes, where the share of women 
cyclists increased from 18 percent to 26 per-
cent, on average. In turn, on parallel streets 
the variations in the flow of female cyclists 
were similar to male cyclists. Importantly, in 
terms of road safety, while the number of 
cyclists at the city level increased, their mor-
tality rate per million cycling trips decreased 
71 percent—partly due to lower traffic—and 
no cyclists’ fatalities were registered on the 
new lanes. 

https://www.buenosaires.gob.ar/ecobici/historia-de-la-bici
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Although the new infrastructure seems 
to have had a significant impact on the 
number of cyclists and on their safety, what 
are the economic benefits of this invest-
ment? To answer this question, the study 
team performed an ex-post evaluation of 
the costs and benefits associated with the 
implementation of the bicycle lanes on 
Avenida Córdoba and Avenida Corrientes in 
the city of Buenos Aires.

Benefits of Bicycle Lane Infrastructure

Road safety benefits

The first step was to identify methodologies 
and models used to evaluate the benefits 
associated with the implementation of 
bicycle lanes. To accomplish this, the study 
team performed a literature review aimed 
to identify parameters internationally used 
for the evaluation of benefits. 

The study team analyzed a set of 16 studies 
aimed at identifying and measuring the 
socioeconomic benefits of cycling infra-
structure. From those studies, 9 analyzed 
benefits associated with road safety, 8 to 
health benefits, 7 analyzed benefits related 
to decreasing greenhouse gas emissions 
(GHG) with another 5 analyzing benefits 

related to decreasing other pollutant emis-
sions, 4 analyzed travel time savings, 3 work 
absenteeism, and 2 noise reduction and 
fuel savings. Additionally, one study each 
addressed benefits related to operational 
costs and travel quality. A brief description 
of the methodologies employed to calculate 
each type of benefit is provided below.

Road safety benefits are generally valued 
in terms of changes to the number of road 
crashes involving cyclists, and in particular 
considering changes to the number of 
cyclist fatalities. One of the most known 
approaches to estimate the benefits asso-
ciated with changes to the number of road 
crashes involving cyclists is the health eco-
nomic assessment tool (HEAT) for walking 
and cycling (Götschi et al. 2020; Kahlmeier 
et al. 2017). This methodology estimates 
the number of cyclists’ fatalities as a func-
tion of the volume of cycling (measured in 
cycled kilometers) and a risk factor based on 
national statistics. The risk factor could be 
modified to consider safety improvements 

resulting from cycling infrastructure. The 
benefits are evaluated using the statistical 
value of life. Also, the Transport Analysis 
Guidance or TAG (DfT 2020b), estimated 
the benefits in crash reduction based on 
the definition of crash rates and the valua-
tion of associated costs according to injury 
severeness (fatal, serious, or minor). Crash 
rate functions can be defined using data 
for infrastructure of similar characteristics 
implemented in other areas. For instance, 
Jacobsen (2003) estimated a crash rate 
function that suggests doubling of the 
cyclists’ flow due to a new bicycle lane would 
imply a 32 percent increase in the number of 
crashes. In the Economic Evaluation Manual 
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prepared by the New Zealand Transport 
Agency (2018), the benefits associated with 
crash reduction were estimated based on 
historical crash data (minimum five years) 
and crash reduction factors. The manual 
defines crash reduction factors associated 
with the implementation of a new bicycle 
lane, which vary between 10 percent and 20 
percent. The savings are estimated based 
on crash costs, which vary according to the 
type of injury and the speed limit of the 
area where the bicycle lanes are located. 
Additionally, the methodology employed 
to evaluate the bicycle lane master plan for 
Chile (Steer Davies Gleave 2013) considered 
road safety benefits in terms of the reduction 
in the crash rate (crash rate to kilometers 
traveled per year) for scenarios with and 
without bicycle lanes. Crashes were dis-
tributed by type of injury (fatal, serious, or 
minor) and the expected crash reduction rate 
was defined according to the type of bicycle 
lane. Benefits were estimated as a function 

of the difference in injuries between the 
situation with and without bicycle lanes, and 
monetary valuations including the statistical 
value of life. Finally, a study implemented in 
the city of Lima (Decisio 2020) estimated the 
road safety benefits in terms of the reduction 
in the crash rate per kilometer and the cost 
of crashes by type of injury. A crash reduc-
tion rate of 50 percent due to the new bicycle 
lanes was assumed.

In sum, road safety benefits of bicycle lanes 
are estimated based on changes to the 
number of road crashes involving cyclists. 
The calculation of benefits is based on the 
costs associated with each crash and most 
methodologies estimate costs by type of 
injury (fatal, serious, or minor). Changes in 
the rate of road crashes involving cyclists 
could be positive or negative, depending 
on the expected change to the volume of 
cycling and whether the risks of cycling are 
reduced by the infrastructure.

Health benefits

Several studies showed a relationship 
between physical activity and improved 
health (WHO 2020). Comparing people 
with a sedentary lifestyle with those who 
perform some level of physical activity per 
week, it is observed that the latter, in gen-
eral, are healthier (Kahlmeier et al. 2017). 
It is estimated that if a person performs 
between 100 and 150 minutes of physical 
activity per week, this reduces the risk of 
dying from any disease by 10 percent. 
Most of the methodologies reviewed esti-
mated health benefits based on one of 
two approaches (Chiabai, Spadaro, and 
Neumann 2018; Roy 2015): (1) from the 

reduction in the mortality rate due to any 
disease resulting from improvements in 
health, by using a statistical value of life; (2) 
from the reduction in years of life lost due 
to improvements in health, by using a value 
of a life year.

Health benefits are estimated from the 
reduction in the mortality rate of the 
population because of the increase in the 
physical activity of cyclists. It is estimated 
that an increase in physical activity implies 
a reduction in the probability of dying from 
certain diseases.

WHO GUIDELINES ON 
PHYSICAL ACTIVITY AND 
SEDENTARY BEHAVIOUR

WHO Guidelines 
on Physical 
Activity and 
Sedentary 
Behaviour
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Reduction of polluting emissions

Economic 
Evaluation Manual

The methodologies reviewed generally 
measure pollutant reduction benefits 
through two approaches: (1) The most 
widely used approach corresponds to the 
estimation of benefits from the reduction 
of GHG, which are largely responsible for 
the effects of climate change and have 
a global effect on people’s health; (2) A 
complementary approach, used in some 
methodologies, estimates the benefits asso-
ciated with the reduction in the emission 
of atmospheric pollutants, which generate 
negative effects on people’s health as they 
are one of the main causes of disease of the 
cardiorespiratory system and also have a 
local effect. 

GREENHOUSE GASES
To evaluate the impact of bicycle lanes on 
the reduction of GHG, the reviewed meth-
odologies, in general, involved three steps: 
(1) Estimate the modal shift from motor 
vehicles to cycling because of the new 
bicycle lanes; (2) Estimate the quantity of 
emissions no longer emitted due to modal 
shift; (3) Estimate the economic benefits of 
GHG reduction by defining a social value for 
carbon dioxide (CO2).

LOCAL POLLUTANTS
Some studies, such as DfT (2020a) and New 
Zealand Transport Agency (2018) used a 
methodology similar to the one used to 

estimate GHG reduction benefits, thus 
quantifying and valuing the changes in 
the concentration of these pollutants due 
to the implementation of a new bicycle 
lane. The HEAT tool also measures the 
impact of air pollution; however, the ben-
efits are estimated differently. This tool 
assumes if people start cycling more in 
congested urban conditions, they could 
be more exposed to particulate matter, 
which poses a health risk. A risk factor is 
calculated to represent this effect on the 
mortality rate of the affected people. The 
risk factor is calculated as a function of (1) 
the level of exposure to air pollution, which 
varies depending on whether the bicycle 
path or route used by a cyclist is located 
near a roadway with motorized traffic or 
passes through a park  or areas away from 
vehicular traffic, and (2) The purpose of the 
bicycle trip, where the basis for comparison 
of the level of exposure to air pollution 
is, for a recreational trip, the alternative 
of staying at home and, for a city trip, the 
alternative of using a car. An increase of 
10 μg/m3 (micrograms per cubic meter) 
in the concentration of particulate matter 
2.5 in the air implies a 7 percent increase 
in the probability of dying (Kahlmeier et al. 
2017). This increase is not immediate, with 
a five-year time lag between the increase 
in pollutant concentration and the negative 
effects on people’s health.
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Travel time savings

Other benefits

The impacts on travel times of both cyclists 
and motor vehicles are considered in several 
of the methodologies reviewed, however, 
the approach to estimating benefits varies.

The 2013 Steer Davies Gleave study mea-
sures the benefits associated with reduced 
travel times for bicycles and motorized 
vehicles due to flow segregation were 
measured. The methodology for motorized 
modes measured the differences in vehicle 
flow and speed in the situation with and 
without bicycle lane and estimated the 
benefits in terms of travel time savings 
due to increased speed. The methodology 
for nonmotorized modes estimated travel 
time savings due to the shift from walking 
to cycling by defining capture rates for a 
certain area of influence around the bicycle 
lane. For both modes, the benefits were 
estimated based on the social value of time. 
In the case of the New Zealand Transport 
Agency (2018), benefits were estimated by 
reducing travel times for motorized and 
active modes due to modal shift. Time sav-
ings were defined according to trip purpose, 

vehicle type, and the level of congestion. 
The value of travel time is also defined as a 
function of these three variables.

The speed of cyclists tends to increase with 
new bicycle lanes due to flow segregation, 
more direct trips, and less interference 
with other traffic. Also, the time savings of 
people who switch from walking to cycling 
can be considered. With regards to the 
effect of bicycle lane implementation on 
traffic congestion and travel time reliability 
for automobiles, the overall impact could 
be ambiguous. On the one hand, mode 
shift from motor vehicle travel will alleviate 
traffic congestion, generate travel time sav-
ings, and improve travel time reliability for 
motorists. On the other hand, a reduction 
in road space allocated for motorized traffic 
means lower capacity for motor vehicles, 
which could lead to increased congestion 
and higher volatility in travel time. The 
overall effect could vary for each interven-
tion, depending on the expected mode shift 
and in the reallocation of road space. 

ABSENTEEISM
Some studies estimated the benefits asso-
ciated with reduced absenteeism due to 
increased physical activity from cycling 
and improvements in people’s health. The 
TAG estimates the benefits in terms of the 
number of new cyclists due to the new 
cycleway, spending time daily on physical 
activity, average work absenteeism, and 
associated costs. It is considered that 30 
minutes of physical activity per day can 

reduce absenteeism by 25 percent (DfT 
2020b). Garrett (2019) found that the main 
benefits of new cycling infrastructure in 
Denmark were associated with health, 
including reduced medical costs and added 
value at work due to reduced absen-
teeism. According to a study conducted by 
Decisio (2020), regular physical activity (for 
example, daily cycling) produces benefits in 
people’s physical and mental health. These 
improvements in health decrease the risk 
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of getting sick and, in turn, reduce absen-
teeism from work. The study concluded 
that regular cycling to work would mean an 
average of 1.3 fewer days of absence from 
work per year.

NOISE
New Zealand Transport Agency (2018) and 
Decisio (2020) evaluated the benefits of 
noise reduction due to the reduction of 
motorized vehicle flow resulting from modal 
shift to bicycles. In both cases the benefits 
were measured in terms of vehicle flow and 
noise valuation.

FUEL SAVINGS 
Potentially, two mechanisms could gen-
erate reduced fuel consumption: (1) modal 
shift from motorized vehicles to cycling; 
(2) greater engine efficiency due to the 
increased speed of motorized vehicles 
when cycling flows are segregated (Steer 
Davies Gleave 2013; New Zealand Transport 
Agency 2018).

OPERATIONAL COSTS
The calculation of this benefit involved mod-
eling the costs of transport including invest-
ment costs (buying a bicycle), payment of 
public transport fares, and maintenance 
costs, among other types of cost (New 
Zealand Transport Agency 2018).

QUALITY OF TRAVEL
The TAG (DfT 2020a; DfT 2021) measured 
benefits to the quality of travel for cyclists 
due to the implementation of a new bike 
lane and included valuations specific to the 
time spent on different types of bicycle lane 
and also to other cycling infrastructure such 
as secure parking or cyclists’ facilities. The 
methodology measures the benefits per-
ceived by the user along the trip.

Social Cost-Benefit 
Analysis 

To conduct an evaluation of the bicycle 
lane interventions in Avenida Corrientes 
and Avenida Córdoba in the City of 
Buenos Aires, a social cost-benefit analysis 
was developed drawing from the list of 
above-mentioned benefits. The model was 
based on the HEAT methodology (Götschi et 
al. 2020; Kahlmeier et al. 2017) and adapted 
to the local context after calibrating key 
model parameters for the City of Buenos 
Aires. The parameters include assumptions 
on value of time, value of a statistical life, 
mode split, traffic counts, shadow price 
of carbon emissions, and local pollutants, 
among others.

Since the literature review showed most 
benefits of bicycle lane interventions that 
can be monetized are related to modal shift 
from motorized modes to active modes, 
the following—which derive from modal 
shift—were calculated: (1) health benefits 
associated with increased physical activity; 
(2) changes in the rate of road crashes 
involving cyclists; (3) reduction in GHG 
emissions; and (4) travel time savings. To 
estimate the expected modal shift from 
automobile travel to cycling, capture prob-
abilities were applied to expected demand. 
In the Buenos Aires model, different sce-
narios were generated based on secondary 
data and sensitivity analysis. In other cases 
where data from stated preference surveys 
is available, the probabilities of switching to 
active modes could be estimated with dis-
crete choice models. The input parameters 
are as shown in table 1.
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Variable Value

Length of the bicycle lane network before project implementation 247.4 km

Length of the bicycle lane intervention 17.0 km

Total investment US$177,000

Annual maintenance cost (share of capital cost) 10%

Year of implementation 2020

Horizon of cost-benefit analysis 2040

Additional daily cycling trips 4,690

Proportion of cycling trips reallocated from other routes 20%

Discount rate 10%

Annualization factor (days to year) 300

Table 1. Parameters to Evaluate the Avenida Córdoba and Avenida Corrientes Bicycle Lanes

Figure 4. Share of the Benefits of the Avenida Córdoba and Avenida Corrientes Bicycle Lanes, in Net 
Present Value

Source: Original calculations produced for this publication.

The results of the cost-benefit analysis 
reveal a sizeable economic rate of return 
of 113 percent, with total benefit of 
US$1,880,000 and an associated cost of 
US$330,000 for the implementation and 
maintenance of the evaluated bicycle 
lanes—calculated in net present value. With 
a large benefit cost ratio of 5.7, the socio-
economic benefits are in reality smaller 

compared to a similar study of bicycle lane 
interventions in Lima, Peru (Decisio 2020), 
which resulted in a cost-benefit ratio of 19.0. 
Health benefits from travelers shifting to 
bicycles from automobile travel represented 
60 percent of the total benefits, followed by 
travel time savings (28 percent), road safety 
benefits (9 percent) and GHG emissions 
reductions (3 percent) as shown in figure 4.

Source: Original figure produced for this publication.

Travel time savings

Road safety benefits
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A sensitivity analysis was carried out by 
assessing different assumptions on: (1) 
cycling demand generated by the new 
bicycle lanes; (2) proportion of demand 
reassigned from other routes; (3) value of a 
statistical life; (4) value of time; and (5) diver-
sion factor for demand switching to cycling 
from walking. Results show that total bene-
fits are more sensitive to the changing the 
expected cycling demand triggered by the 
project. In all sensitivity scenarios, the eco-
nomic rate of return was above the discount 

rate. A stress analysis was also carried out 
to understand how parameters should 
change so that the economic feasibility 
of the project reaches a breakeven point, 
with a benefit-cost ratio of one. This would 
require all five parameters listed above to 
simultaneously decrease or increase by 
55 percent toward more adverse values. 
Therefore, Avenida Córdoba and Avenida 
Corrientes bicycle lanes are almost certainly 
socially profitable even in the most adverse 
scenarios estimated with the model.

Discussion 

Bicycle lane infrastructure plays an 
important role in urban mobility, in sup-
port of an efficient, equitable and gender 
inclusive transport system. Cycling provides 
benefits in terms of accessibility, physical 
fitness, transportation safety, and environ-
mental benefits, among others. Expanding 
and improving bicycle lane infrastructure 
benefits existing cyclists, encourages mode 
shift toward cycling, and improves the 
overall transport system, including travelers 
in automobiles and public transport. 

In the city of Buenos Aires, cycling as a 
means of transport has increased signifi-
cantly over the past decade, aligned with 
a significant expansion of the bicycle lane 
infrastructure. In particular, in 2020 during 
the COVID-19 pandemic, bicycle mode 
share increased to an estimated 10 percent 
(OMSV 2021b), up from 4 percent in the 
prepandemic period. 

Most urban areas have been recently 
expanding the network of bicycle lanes; 

however, very few investment decisions are 
based on rigorous socioeconomic evalua-
tion. To understand the social and economic 
benefits of cycling infrastructure, a meth-
odology was developed and applied to the 
recent bicycle lane interventions in Avenida 
Córdoba and Avenida Corrientes in Buenos 
Aires. This comprehensive evaluation 
assessed benefits in terms of health, travel 
time, road safety, and emissions reductions. 
The results indicated very large rates of eco-
nomic return, consistent with the range of 
values obtained for the cost-benefit analysis 
of cycling infrastructure in other countries 
(Davis 2014; DfT 2015; Decisio 2020).

It is important to highlight that even for 
the calculation of benefits with broadly 
accepted methodologies, there are often 
limitations associated with data availability. 
For example, data to support the calculation 
of parameters for cost-benefit analysis—
such as mode shift based on discrete choice 
models and demand data based on reliable 
traffic counts on the corridor of the bicycle 
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lane—on the area of influence of the bicycle 
lanes, and in control areas. It is recom-
mended that in preparation for cost-benefit 
analysis, data gaps must be assessed and 
new data must be collected to validate and 
estimate key parameters.

While some benefits of cycling interven-
tions are relatively easy to monetize, other 
benefits that include quality of travel and 

user enjoyment, noise reduction and—more 
broadly—labor market outcomes, option 
value, support toward equity objectives, 
and more compact and accessible land use, 
are more challenging to quantify though 
do require a qualitative presentation. 
Altogether, the benefits are multiple and 
synergistic, and support the justification 
of much needed expansion of bicycle 
infrastructure.
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The rise and widespread adoption of 

mobile phone technologies have 

opened the opportunity for using low-

cost, agile data collection and analytics 

platforms for paratransit diagnostics. 

This article documents a World Bank 

transport team’s diagnostic work and 

key findings on the paratransit sector 

in two small Southern African capital 

cities, Maseru, Lesotho, and Gaborone, 

Botswana. By combining the latest 

mobile application-based digital plat-

forms for data collection and diagnosis 

with more traditional transport survey 

approaches, the work advances the 

World Bank’s understanding of the 

complexity of the paratransit sector in 

African cities and sheds light on viable 

approaches to improving the quality 

of public transport in these small city 

contexts. 

The diagnostics revealed the exten-

sive minibus and 4+1 sedan taxi (4+1) 

networks in both cities are operated 

at the cost of limited operating hours, 

poor accessibility, low service quality, 

and higher road safety and personal 

security risks. In the absence of net-

work and operations planning, the lack 

of a clear hierarchy for network routes 

between modes results in excessive 

service overlaps and destructive com-

petitive behaviors. Minibuses in both 

cities and sedan taxi in Maseru are 

well past typical service life—in excess 

of 16 years—poorly maintained and 

generate large quantities of pollutants. 

Paratransit terminals lack amenities, 

security, and basic operations man-

agement, leading to the unsafe mix of 

passengers, pedestrians, vendors, and 

constant vehicle flows. Female riders 

are disproportionately impacted by 

the lack of security when traveling in 

the evening (3 p.m. and later), which 

impedes their accessibility to various 

opportunities. Based on the assess-

ment, the study identified short-term 

opportunities that would help the gov-

ernment and the sector make mean-

ingful incremental improvements in 

the sector and in the quality of urban 

mobility. 

Completed via mobile-phone apps, 

data collection over the four key study 

aspects—operations, vehicles, facilities, 

and users—was largely conducted in 

February and March 2021, after the 

governments of Botswana and Lesotho 

eased COVID-19 lockdowns. Prior 

engagement with the city councils 

and paratransist associations greatly 
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paratransit sector in these cities through 

the lens of four key stakeholders: the 

public authority, the operator, the driver, 

and public transport passengers. 
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for funding the project, and Maria Marcela 
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Africa region, along with country repre-
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their support and advice. 

Context and Rationale 

Sub-Saharan Africa (SSA) is the world’s most 
rapidly urbanizing region. The urban pop-
ulation is approaching 500 million and is 
expected to double over the next 20 years. 
In 2000, one in three Africans lived in cities 
and by 2030, an estimated one in two 
Africans will live in urban areas. This growth 
is not only driven by the lure of burgeoning 
urban economies, but often also by poor 
employment, social, environmental and 
deteriorating security conditions in rural 

areas. Meanwhile, the region faces unprec-
edented climate stress, and is anticipated 
to warm 1.5 times faster than the global 
average. African cities are set to expand 
even faster, as declines in rural produc-
tivity including lower crop yields stemming 
from climate change will further accelerate 
urbanization—especially among the poor 
and unless urgent actions are taken—
African cities and city dwellers will suffer 
disproportionately from climate change. 
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Figure 1. Minibus Taxis and 4+1 Sedan Taxis in Gaborone and Maseru

Paratransit has developed largely organically 
in SSA cities, driven by local entrepreneurial 
responses to local needs and conditions. 
While the United Nation’s 2030 Sustainable 
Development Goals (SDGs) and climate 
goals call for the development of public 
transport systems that are “safe, affordable, 
accessible, and sustainable . . . for all,” the 
quality of urban transport infrastructure 
and services in the region have lagged 
behind the fast-growing mobility demand 
driven by the global trend of urbanization. 
In response to the dire need for transport 
services amidst a lack of formal transit 
options, various forms of paratransit 

services have proliferated in the SSA cities, 
including the traditional minibus taxi (MBT) 
and more recently also the “4+1” sedan taxi, 
and motorcycle taxi. The term “paratransit” 
generally refers to a flexible transportation 
mode that does not follow fixed sched-
ules and operates to a large extent in the 
informal economy, as opposed to formal 
public transport (which, in many cities in the 
region, is nonexistent) that operate as reg-
istered, well-regulated businesses. Figure 
1 shows typical examples of MBT and 4+1 
sedan taxi’s (4+1) and figure 2 shows that 
in most SSA cities paratransit comprises the 
bulk of the public transport mode share.

Source: Original photos produced for this publication.

Gaborone Maseru
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Figure 2. Paratransit Mode Share in Sub-Saharan African Cities

Source: Bruun and Behrens 2016.

The popularity of paratransit stems from 
its demand-responsive business model; 
however, this success comes at the cost 
of societal externalities. Paratransit busi-
nesses are informal, fragmented, and 
unregulated, leading to outcomes that 
do not always serve passenger needs 
and interests, the development of the 
work force, or promote long-term sus-
tainable urban transport imperatives. 
Vehicles tend to wait at terminals until 
full before departing, forcing long wait 

times especially in interpeak periods, 
touting for passengers at terminals and 
along routes—which increases con-
gestion—and imposing safety hazards. 
Pervasive inequality is rampant in the 
paratransit sector; as per the Nairobi Bus 
Rapid Transit Labor Assessment Study (ITF 
2018), while profitability is acceptable for 
owners, drivers and supporting crews 
earn very low wages, work long hours, 
and are largely untrained. 

Nairobi Bus Rapid 
Transit Labor 
Assessment Study

https://doi.org/10.1108/S2044-994120160000008011
https://www.itfglobal.org/sites/default/files/node/page/files/BRT Report.pdf
https://www.itfglobal.org/sites/default/files/node/page/files/BRT Report.pdf
https://www.itfglobal.org/sites/default/files/node/page/files/BRT Report.pdf
https://www.itfglobal.org/sites/default/files/node/page/files/BRT Report.pdf
https://www.itfglobal.org/sites/default/files/node/page/files/BRT Report.pdf
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The popularity of paratransit 
stems from its demand-
responsive business model; 
however, this success comes at 
the cost of societal externalities.

Synopsis of Bank-
Funded Bus Rapid 
Transit Projects

Exploring 
Accessibility to 
Employment 
Opportunities in 
African Cities

Previous attempts at formalization have 
achieved limited success. Over the past 
decade or more various development 
institutions have recommended the 
implementation of formal mass transit 
systems to replace paratransit in some 
SSA cities, usually some form of bus 
rapid transit (BRT). However, according 
to a 2020 working paper produced by 
World Bank Transport, “Synopsis of Bank-
Funded Bus Rapid Transit Projects” (Jia et 
al. 2020), success has been limited. This 
is partly because decision makers and 
planners largely focused on the technical 
aspects of the new systems such as vehi-
cles and infrastructure, but insufficiently 
understood the context in which they 
work, including market dynamics, and the 
institutional, financial, and managerial 
challenges. Many hold overly simplistic 
views as to how transformation might be 
achieved, often stating the paratransit 
sector must be “formalized” to address its 
shortcomings. This could be a result of the 
change, but it is not easily achieved, and a 
poorly executed process of formalization 
could lead to a worsening, rather than an 
improvement, of the quality of services.

Building incrementally by improving the 
existing paratransit system has the potential 
to reduce the risk of transport system devel-
opment failures through capital-intensive 
initiatives. It also offers greater scope 
for existing operators to build skills and 
develop as participants in a new system 
rather than be replaced and displaced 
by a new supersystem. This incremental 
approach requires first developing part-
nerships with existing operators to build 
an understanding of the forces that drive 
them before making recommendations 

for improvement. To do this, however, 
requires data to develop a thorough 
understanding by the government and 
the paratransit sector of the trengths and 
weaknesses of the prevailing business 
model, and the potential opportunities to 
improve for the benefit of all. However, 
the lack of data on paratransit in SSA 
hampers efforts on these important con-
versations and steps. In the World Bank 
working paper, “Exploring Accessibility 
to Employment Opportunities in African 
Cities,” researchers found the largest 
obstacle faced by the study was the lack of 
data on urban transport (Peralta-Quiros, 
Kerzhner, and Avner 2019). 

Paratransit data brings important benefits 
to city authorities and transport operators. 
With better information on the mobility 
patterns of people, city authorities have 
more opportunities to act on mobility 
improvements that generate social and 
economic benefits and to make informed 
decisions in terms of urban transport 
infrastructure and service planning to 
better serve citizens and businesses. 
Understanding the extent and operations 
of the paratransit network is especially 
important for cities where people rely on 
these modes to reach jobs, education, and 
other opportunities. 

https://www.eda.admin.ch/dam/countries/countries-content/vietnam/en/sdc-publications/BRT-synopsis_EN.pdf
https://www.eda.admin.ch/dam/countries/countries-content/vietnam/en/sdc-publications/BRT-synopsis_EN.pdf
https://www.eda.admin.ch/dam/countries/countries-content/vietnam/en/sdc-publications/BRT-synopsis_EN.pdf
https://openknowledge.worldbank.org/handle/10986/32223
https://openknowledge.worldbank.org/handle/10986/32223
https://openknowledge.worldbank.org/handle/10986/32223
https://openknowledge.worldbank.org/handle/10986/32223
https://openknowledge.worldbank.org/handle/10986/32223
https://www.eda.admin.ch/dam/countries/countries-content/vietnam/en/sdc-publications/BRT-synopsis_EN.pdf
https://www.eda.admin.ch/dam/countries/countries-content/vietnam/en/sdc-publications/BRT-synopsis_EN.pdf
https://openknowledge.worldbank.org/handle/10986/32223
https://openknowledge.worldbank.org/handle/10986/32223
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Approach and Methodology

App-based mapping technologies. In the 
past five to seven years, mapping projects 
have emerged in various African cities, 
such as the Digital Matatus and Mapping 
Accra projects. Companies and services 
have emerged, producing General Transit 
Feed Specifications data that describe the 
paratransit network of a city. At a basic 
level, mapping includes collecting spatial 
data on routes and stops and building 
a record of stop names, stop infrastruc-
ture, interchanges, and route pricing. A 
more advanced level of mapping includes 
temporal data on service frequencies and 
operating times, and the creation of esti-
mated timetables incorporating expected 
trip durations. 

Advancing mapping into operations diagnos-
tics. While these digital mapping projects 
have tended to make an impact on raising 
the awareness and create visual repre-
sentations of paratransit networks, they 
have not necessarily led to any significant 
direct changes in paratransit operations, 
improved mobility, or in providing real value 
to the users of paratransit systems. What 
is needed, rather, is to combine advanced 
mapping with proven public transport data 
collection practices and methods as well as 
a profiling of operations and the structures 
governing them to provide a diagnostic 
review of a paratransit service. Paratransit 
data collection and analysis is not novel 
in terms of its assessment of the familiar 
parts of a public transport system—the 
vehicle, the route, the stop and the pas-
senger—but it is more challenging due to 

the fragmented and largely unpredictable 
behavior of the elements within the system. 
Using conventional analysis alone is there-
fore inherently limiting.

The study team formulated an approach 
that combines mobile app-based collection 
technologies and conventional transport 
data categories, such as rider satisfaction, 
waiting time and stated preference surveys. 
As shown in figure 3, the data collection 
and diagnosis methodology follow a logical 
progression of steps. The methodology 
starts with data collection, followed by 
an analysis of both the data and on-the-
ground experience, and culminating in an 
assessment of key features that constitute 
important levers for paratransit reform in 
the city. These are carried out for five key 
areas of operations—the network, infra-
structure, operations, fleet, and rider. In the 
case of mobile app-based data collection, 
an enumerator with a hand-held device 
interviews a rider waiting for a vehicle, even 
allowing her to enter her address on the 
device or point to her destination on a dig-
ital map. This data is immediately uploaded 
and available for assessment and analysis 
in the project back-office. This technique 
is low-cost, agile, and allowing for wide 
distribution in African cities—facilitating 
the collation of conventional baseline data 
other markets assume will be systematically 
collected. Additionally, the team invited 
paratransit association members to join the 
field data collection, effectively transferring 
this knowledge to the sector.
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Diagnostic Summary 

Figure 3. Study Approach to Paratransit Diagnostics 

Source: Original figure produced for this publication.
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The approach and the resultant diagnostic 
findings serve as a starting point for providing 
the relevant stakeholders with information 
on the operational characteristics—including 
strengths and shortcomings—of their para-
transit system. By deploying the low-cost, 
agile mobile-app data collection and trans-
port diagnostics, this study provides the 
relevant stakeholders, such as the different 
tiers of government and paratransit oper-
ators with information on the demand, 
supply, and operational characteristics of 
the paratransit system, over five broad 
areas: network, infrastructure, operations, 
fleet, and riders, as shown in figure 3. 
This diagnostic summary advances sector 
knowledge, deepens the understanding of 
the sector status and potential improve-
ment needs, and demonstrates how inno-
vative data techniques and diagnostics can 
be used to develop approaches that sup-
port any attempts at reform with detailed, 
empirical data. 

City overviews
The project was conducted in two small 
capital cities in the SSA region, namely 
Gaborone, capital city of Botswana, and 
Maseru, the capital of Lesotho. The work 
focused on these two cities in particular 
because very little was known about the 
state of public transport in these cities and 
ongoing operations had already established 
a relationship between the World Bank and 
the ministries of transport in each country. 
Additionally, the team was interested in 
exploring the developmental options for 
smaller and secondary African cities, and 
despite Gaborone and Maseru both being 
capital cities, they are representative of 
many small African cities—with Gaborone 
being comparatively prosperous, and 
Maseru being poor.

Maseru is the capital city of Lesotho and 
Gaborone is the capital city of Botswana; 
both cities, shown in figure 4, are also the 
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economic powerhouses of their respective 
countries. The city of Gaborone has a popu-
lation of 234,775 (2017) and Maseru 330,760 
(2016 census). While both cities have low 
levels of motorization, as measured by 
registered vehicles per capita, congestion is 
already disproportionately problematic (for 
cities of this size) with long queues at key 
intersections at peak times of the day. This 
congestion stems from a lack of effective 

traffic management and a road network 
that offers few alternatives to key choke-
points on the network. Both cities have road 
networks and already oversaturated infra-
structure in peak hours, too constrained by 
the urban form as well as resources—and 
in Maseru’s case, the topography—to allow 
for extensive upgrading of the existing road 
network.

Figure 4. Skylines of Gaborone and Maseru

Source: John Hogg/World BankSource: Just a Brazilian man

Gaborone Maseru

Governance and regulation
The public sector institutional environment 
is fragmented in both cities, with no clear 
responsibility for public transport in either 
case. At the local level in both cities the 
urban footprint spills over into neighboring 
districts. Additionally, in both cases munic-
ipalities largely lack relevant powers, with 
key responsibilities for public transport 
spread across a number of national-level 
ministries or departments. For instance, 
the departments in charge of planning 
and licensing within the ministries have no 

functions for network planning, operations 
design, or service monitoring. This lack of 
effective regulatory controls has contrib-
uted to the proliferation of operators and 
excessive competition among operators, 
which helps explain some of the challenges 
presented by the sector in these cities. 
It also leads to the pernicious culture of 
viewing transit primarily as a source of 
taxes, with control over aspects of the ser-
vice representing valuable revenue streams 
for authorities.

https://www.flickr.com/photos/worldbank/14136231153
https://www.flickr.com/photos/celeumo/51207616253/
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GaboroneMaseru

Paratransit regulatory oversight and bud-
geting for transport development is situated 
at the national level for both countries. The 
national departments of transport for both 
Lesotho and Botswana oversee policy for 
the public transport sector as well as man-
aging the funding for projects and initia-
tives. The city governments have smaller 
roles in implementing regulations or in 
managing permitting and do not have the 
necessary funding streams local authorities 
would usually need to have an impact—and 
so city governments are often incapable of 
fulfilling their planning and developmental 
responsibilities as local authorities.

Paratransit ownership and organization
The fragmented authority over modes and 
ownership of vehicles in both cities results in 
individualistic operators and compromises the 
creation of an organized system. Operators 
typically have one or two permits, which 
could be operated by the owner and/or by 
a family members or close friends. The 4+1 
sedan taxis are typically owner-drivers with 

owners as the registered operator on the 
permit. In Maseru, of the permits issued 
to MBT operators, 61 percent are issued to 
individual operators who have no more than 
two permits. For 4+1 sedan taxis, 93 percent 
of all permits are issued to individual opera-
tors, while in Gaborone, more than half (56 
percent) of all permits issued to paratransit 
operators are to minibus-taxis, 37 percent to 
4+1 sedan taxis, and the remaining 7 per-
cent to bus operators. 

As shown in figure 5, Maseru has devel-
oped separate industry structures for 
minibus and 4+1 sedan taxis. In contrast, 
the Gaborone Taxi Association is the only 
taxi association in the city of Gaborone. 
Membership is voluntary since no legislated 
requirements exist for operators to belong 
to associations. Institutionally, no distinction 
is made between a MBT operator or a 4+1 
sedan taxi operator in both cities’ member 
associations. Operationally and practi-
cally, though, the two modes do operate 
separately.

Figure 5. Organization of Paratransit Systems in Maseru and Gaborone

Source: Original figure produced for this publication.
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Paratransit network
With no clear hierarchy of network routes or 
the determination of fares for minibus and 
4+1, excessive service overlaps and destruc-
tive competitive behaviors often result. In 
both cities, minibus and 4+1 cabs operate 
on the same popular routes, compete for 
the same customers, and erode efficiency 
and profitability, more so in Maseru than 
Gaborone. Minibuses in Maseru continue 
to lose market share to the 4+1 sedan taxis 
because passengers have to wait less time 
to get into 4+1s and reach their destina-
tion. This drives a vicious cycle of declining 
service quality on the minibus operators, 
who compete with an expanding pool of 
operators, forcing them to abandon mar-
ginal routes and operating times in favor of 
more profitable routes and peak hours only, 
which in turn makes 4+1 sedan taxis the 
only viable option for many origin-destina-
tion (OD) configurations. Both the Gaborone 
and Maseru minibus networks are very 

poor in terms of frequency of services 
throughout the day, and both cities offer 
very infrequent services for most suburbs 
and regions. This destructive competition 
exemplifies the so-called, “race to the 
bottom,” and ultimately leads to worsening 
conditions for passengers and the opera-
tion of the road network. Figure 6 depicts 
the route overlap between MBT (panel a) 
and 4+1s (panel b) in Maseru. 

In Maseru, the ongoing steady growth for 4+1 
cabs erode the MBT market share, without 
any structured intervention by the transport 
authority. The mid-day frequency can go as 
much as 1 to 2 hours for minibus passen-
gers along certain routes. This gap in ser-
vices has been filled by the 4+1 sedan taxis 
who can offer relatively frequent and direct 
services, furthering reducing service quality 
of the MBT and driving the uptake of the 
4+1 taxi in Maseru. 

Figure 6. MBT and 4+1 Taxi Networks in Maseru

Source: Original figure produced for this publication.
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In Gaborone, 4+1 sedan taxis are not yet con-
sidered a threat to the MBT industry; however, 
it is expected that competition will intensify 
as more 4+1 newer fleet sedan taxis enter 
the market. A major reason why 4+1s are 
not threatening the MBT market share in 
Gaborone is the unique “sleeping” arrange-
ment of minibuses in villages to support a 
daily commute from village to capital that 
would not be economically possible with a 
fleet of 4+1 sedan taxis. This has preserved 
the MBT market share in Gaborone, but it 
is not an indefinitely defensible beachhead. 
As more 4+1 sedan taxis enter the market, 
competition for passengers will inevitably 
drive further erosion of market share.

Transit terminals  
As the source of much customer dissatis-
faction, paratransit facilities stand in dire 
need of improvements (see figure 7). In 
Maseru, all 4+1 sedan taxi terminal facilities 
are unpaved and informally organized, 
with crumbling, potholed surfaces. MBT 

terminals are paved with brick and concrete 
blocks but are in a poor condition due to 
a lack of maintenance. In addition, none 
of the facilities offer any public amenities, 
such as washrooms. While all facilities have 
informal trading within and around the 
periphery of the facility, only two facilities 
have dedicated shelters and lockup space 
for informal traders. At Metro terminal, 
the city’s centrally located MBT facility, one 
single entrance and exit point is shared by 
vehicles and pedestrians. This poses a road 
safety risk to pedestrians and paratransit 
operations. The road infrastructure needs 
in Maseru are even more pressing, with 
the city’s feeder roads remaining largely 
unsurfaced. This has a significant impact on 
operating costs since high rates of wear and 
tear are experienced by vehicles operating 
in those conditions. In addition, given the 
high costs of providing services for oper-
ators, some outlying areas are not served 
by informal paratransit, leaving many com-
munities without easy or reliable access to 

Figure 7. Transit Facility Conditions in Gaborone and Maseru

Source: Original photos produced for this publication.

Gaborone Maseru
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motorized transport. In Gaborone, while 
infrastructure conditions are better, with 
paved surfaces and vendor stalls, mainte-
nance is neglected and sanitary conditions 
are poor. The BBS Mall area facility is an 
open earthen space devoid of any facilities 
whatsoever. During the rainy season, the 
facility is usually flooded, impeding easy 
navigation by both operators and passen-
gers. With no platforms of any kind, the 
facility has only a surfaced apron, and while 
there are sidewalks, these are crowded 
with informal trading stalls, forcing 
pedestrians into the carriageways which 
slows down vehicles entering and leaving 
the facility and affects its operating effi-
ciency. Approximately 90 percent of roads 
used by informal paratransit vehicles in 
Gaborone are unsurfaced and inadequately 
maintained.

Operation model 
Most MBT operations consist of no more 
than two vehicles owned by a family and are 
typically driven by family members. Vehicles 
not driven by owners typically operate 
on either a commission or target-based 
business model. In the commission model, 
drivers are remunerated a percentage 
of the daily vehicle revenue; in the tar-
get-based model, drivers are given a daily 
target by the vehicle owner and earn the 
difference between the daily target and 
daily vehicle earnings. 

With tight operating margins, 
many operators can’t 

afford regular preventative 
maintenance on vehicles.

In Maseru, the commission model domi-
nates, while in Gaborone the target-based 
model dominates. Since paratransit services 
are cash-based, with no tickets being issued, 
owners have no way of verifying revenue 
generation each day, increasing the risk of 
drivers under reporting revenue. 

During peak periods, MBTs operate fixed-
route services, traveling between two termi-
nals. The MBT and 4+1 sedan taxi operators 
follow the market practice of queuing in 
the designated traffic terminals and touting 
for customers along the allocated route. 
During off-peak periods, many operators 
deviate from their primary route to serve 
neighboring suburbs along their route. 
MBT vehicle capacities range from 10 to 18 
passengers.

Given the informal, fragmented nature of 
MBT and 4+1 cab operations, most opera-
tors do not keep records of their operating 
expenditures. Further, in the absence of 
regulated operating permits, competition 
between drivers is high, making it very 
difficult for operators to turn a profit. MBTs 
do, however, generate higher earnings per 
kilometer than sedan taxis, since sedan 
taxis run far more circuitous routes and 
carry fewer passengers, making them less 
efficient. With tight operating margins, 
many operators can’t afford regular preven-
tative maintenance on vehicles. As a result, 
repairs might only be performed when com-
ponents fail to the extent that the vehicle 
cannot be driven. This not only results in 
vehicles being out of service for longer 
periods, losing revenue, but also leads to 
greater damage to the vehicle and higher 
maintenance costs over the long term.
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Old fleet 
The average age of the fleet is high, with 
minibus vehicles well beyond their typ-
ical service life in both Maseru (18 years) 
and Gaborone (16 years), and also poorly 
maintained and highly polluting—posing 
road safety hazards, and contributing to air 
quality degradation. In both cities, the most 
popular MBT vehicle model is the older 
generation Toyota HiAce, generally sourced 
used from South Africa and the Japanese 
second-hand markets. These vehicles tend 
to have high mileage and are kept on the 
road with minimal ad-hoc maintenance. 
Most minibus models are not aligned with 
modern safety and emission standards. The 
4+1 sedan fleet in Maseru is also very old 
(more than 15 years for many models) and 
imported as second-hand cars from markets 
such as Japan. These vehicles also do not 
adhere to modern safety and emission stan-
dards. Upon arrival they are already almost 
10 years old, with high mileage, and are 
then driven hard until they have fallen apart 
completely and the cost of repair exceeds 
the benefits of continued operation.

User experience and gender issues
Paratransit users in Maseru and Gaborone are 
generally low-income individuals with no other 
means of transport. In Maseru, 26 percent of 
respondents are formally employed, 47 per-
cent earn less than US$230 a month and 63 
percent do not own cars. In Gaborone, the 
socioeconomic profile is similar: 64.8 per-
cent of respondents are formally employed, 
54.2 percent earn less than US$290 a month 
and 35.2 percent have no cars. Work is the 
dominant trip purpose, followed by educa-
tion and personal trips. During the morning 
peak period, 70 percent of passengers 
using paratransit in Gaborone are traveling 
to work, while in Maseru the figure is 47 
percent. Riders in both cities showed dis-
satisfaction with the comfort and condition 
of the vehicles and terminals, as shown in 
figure 8, panels a and b. Improving the 
comfort and conditions of the public trans-
port terminals and interventions to improve 
the quality of the fleet would not only 
benefit the sampled users, but could also 
attract other choice users in both cities. 

Figure 8. Facility Experience in Maseru and Gaborone

Source: Original figure produced for this publication.
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Female riders are disproportionately impacted 
by the lack of security. In Maseru, the 
majority of riders are female (57 percent) 
and don’t feel safe (71 percent) when trav-
eling in the evening peak. They prefer to 
travel during midday when more people 

are on the roads and there is a lower 
chance of being harassed or intimidated. In 
Gaborone, slightly more than half of para-
transit passengers (51 percent) are female 
riders and of these, 84 percent of do not 
feel safe traveling in the evening.

The outcomes of the diagnostic summary 
in Gaborone and Maseru demonstrate 
the practicality of the diagnostics, reveal 
strengths, weaknesses, and identify short-
term opportunities, which can serve as the 
foundation for meaningful dialogue among 
key stakeholders. Highlighted opportunities 
identified from the diagnostics include: 

Institutional improvements and readiness. The 
implementation of any initiatives requires 
better organization within the paratransit 
sector and improved institutional capabili-
ties in the public sector for both cities. One 
problem faced by cities all around the world 
is the fragmentation of authority over the 
key factors required for successful urban 
public transport governance. Both Gaborone 
and Maseru have multiple local authorities 
responsible for different areas of the city. 
They also face fragmentation between local 
and national government and through the 
proliferation of departments responsible for 
the various aspects of public transport. 

Both Gaborone and Maseru demonstrate a 
need to define the key locus of responsibility for 
public transport. Ideally this should be placed 
with the city government, which is largely 
responsible for local roads and land-use 
planning. Wherever such locus of responsi-
bility is located, strong relationships should 

then be built with any other public sector 
agents that have responsibilities affecting 
public transport, such as development 
control and traffic police. This key locus of 
responsibility should be where strategy is 
developed; permitting and revenue and 
investment management is centralized and 
leadership can be exercised in the improve-
ment of public transport, supported by the 
various other agencies. The key initiatives 
presented in this article should be driven 
from here, wherever feasible. 

Regulatory reform requires an efficient and 
up-to-date database of vehicles, permits, 
and owners designed to counter unlicensed 
operation and fraud and be used effectively 
both for supporting the paratransit sector as 
well as enforcement. Greater attention needs 
to be given to the regulation with regard 
to safety, security, and comfort across a 
range of indicators, along with a better 
matching of supply with demand. The latter 
will require gathering good information 
on an ongoing basis on operations, espe-
cially including waiting times at different 
times of the day. A methodology will need 
to be developed to calibrate the issuing 
of licenses based on supply and demand 
statistics. Where sufficiently short headways 
can be achieved by MBTs, the presence of 
4+1 taxis should be limited by regulation, 

Short-Term Opportunities
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enforcement, and pricing. The need to 
balance supply and demand also underpins 
the need to centralize permitting within the 
authority that manages urban development.

Business model reform. Once a more struc-
tured dialogue is established with and 
within the paratransit sector, and better 
information is available on an ongoing basis 
about the match of supply and demand, the 
issue of more substantial business model 
reforms can be brought onto the agenda in 
each of the cities. Such change will require 
leadership from the paratransit industry 
and facilitation from the authorities. The 
creation of companies to support the col-
lective purchase of inputs or to capitalize 
on opportunities elsewhere in the value 
chain—other than the provision of the ser-
vices themselves—can assist in building the 
skills required for more substantial business 
model reform. These initiatives should be 
undertaken by paratransit leadership sup-
ported by authorities. 

Paratransit infrastructure improvements. 
A tarred road network expansion plan 
can be developed in conjunction with the 
definition of an official paratransit route 
network in Maseru, to enable paratransit 
services to access terminal areas more 
easily and efficiently. While paratransit will 
tend to stop along the route according to 
rider requirements, locations of frequent 
boarding and alighting should be identi-
fied, and infrastructure provided to enable 
safer pulling over and protection of users 
against the elements. Pedestrian facilities 
inside terminals and on the roads leading 
to terminals should be provided to ensure 
clear separation between vehicles and 
pedestrians, passengers, and vendors. In 

Gaborone, a proposed paratransit route 
network expansion plan would be devel-
oped in conjunction with a road network 
infrastructure maintenance plan. Notably, 
bus priority lanes and a centrally managed 
signaling system have been recently devel-
oped to mitigate against deteriorating 
congestion. However, Gaborone is yet to 
develop a bus lane access policy and has 
made no progress on its plans for intro-
ducing formal public transport services. It is 
not clear how these bus lanes will be man-
aged in the interim.

Fleet renewal. If the public resources are 
available, authorities in both Gaborone and 
Maseru could consider the introduction of 
a capital subsidy, such as through a scrap-
ping program, to assist in fleet renewal in 
exchange for certain operating concessions 
by the industry, for the public good. Capital 
subsidies should be granted only in con-
junction with the scrapping of old vehicles 
and should be designed with conditions that 
help improve the efficiency of the sector, 
such as evidence of a valid operating permit. 

Cleaner paratransit for cleaner air. Since the 
fuel available is already able to support 
EURO 4 emissions standards, EURO 4 emis-
sions compliance should be the minimum 
permitted for all new and used imported 
vehicles. Within the sector, lower emissions 
are achievable through better vehicle tech-
nologies and by means of recapitalizing 
the fleet with newer, less polluting vehicles. 
Another most important factor for air 
quality improvement: an improved para-
transit service can help slow down the pace 
of people shifting from public to private 
transport, as urbanization and motorization 
pick up pace in SSA cities. 
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Financing and Funding 
Bus Electrification: How to 
Address the Viability Gap?

Driven by the need for decarbon-

izing the transport sector, the 

emergence and fast development of 

battery and vehicle technologies make 

electric buses (e-buses) an option to 

serve the urban transport demand. 

Globally, the electric bus market is 

projected to grow from 81,000 units in 

2021 to 704,000 units by 2027, at a com-

pound annual growth of 43.1 percent, 

and reflecting the fastest-growing 

part of the electric vehicle market. 

However, the purchase cost of an e-bus 

can be double or triple of that of a 

diesel bus depending on jurisdictions. 

High capital costs for electric buses, 

charging infrastructures, and ancillary 

facilities in comparison with traditional 

combustion engine buses indicate the 

necessity to explore viable financing 
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and funding mechanisms for the 

adoption of e-bus, particularly for the 

cities in developing economies facing 

fiscal constraints, fast-growing mobility 

demand, environmental and climate 

change challenges, and insufficient 

readiness for private participation.

This article identifies the key elements 

of the financial viability of bus elec-

trification and explore the solutions 

to address the viability gap. The first 

section of the article summarizes 

the existing financing and funding 

mechanisms of e-bus services in dif-

ferent cities, analyzing sources and 

conditions of financing and associated 

institutional and contractual arrange-

ments. The article also introduces 

This article identifies the 
key elements of the financial 
viability of bus electrification 
and explore the solutions to 
address the viability gap.

international experience and lessons 

learned on capital and ownership 

structure, financial incentives, and 

subsidies as well as benefit allocation 

and risk-sharing schemes.

The second section of the article makes 

recommendations to improve the 

financial viability of e-buses in devel-

oping economies and on how multilat-

eral development banks (MDBs) can 

help. Based on the first part and the 

feedback from public and private stake-

holders—the study team maintains a 

list of interview/survey respondents 

with experience and potential interest 

to participate in this work—such as 

public authorities, banks, leasing com-

panies, bus and battery manufacturers, 

and charging infrastructure service 

providers and operators, this section 

will explore how government policies 

and typical instruments of MDBs can 

assist cities and the private sector in 

de-risking bus electrification, opti-

mizing life-cycle cost and benefit, and 

making e-buses more financially viable 

and sustainable.

About the Authors

 
Hongye Fan 
is a transport 
specialist at the 
World Bank.

Yang Chen 
is a senior transport 
specialist at the 
World Bank.

Xuanyi Sheng 
is a transport 
consultant at the 
World Bank.

https://blogs.worldbank.org/team/hongye-fan
https://www.linkedin.com/in/yang-chen-a532a04


MOBILITY AND DEVELOPMENT: INNOVATIONS, POLICIES, AND PRACTICES86

Introduction

The number of electric buses (e-buses) in 
service has grown quickly in cities with var-
ious development stages, sizes and geog-
raphies. The global electric bus market is 
projected to grow from 81,000 units in 2021 
to 704,000 units by 2027, at a compound 
annual growth of 43.1 percent (Bloomberg 
2021).

Multiple factors are driving the deployment 
of e-buses, mainly policy shifts and tech-
nology advances. Motivated by low carbon 
development and reducing air pollution, 
many countries have been shifting poli-
cies from supporting private vehicles with 
internal combustion engines (ICE) to electri-
fication and public transport. On the other 
hand, advancements in battery technologies 
and innovations in electric powertrains are 
bringing down battery prices and boosting 
vehicle performance. While the total cost of 
ownership (TCO) is highly sensitive to local 
circumstances, e-buses are approaching 
TCO parity with diesel buses in some cases, 
thanks to government subsidies, declining 
battery prices, and lower operation and 
maintenance costs of the e-buses.

However, financing and funding e-bus 
projects in emerging economies remain 
challenging. Compared to their ICE counter-
parts, e-buses cost one to two times more 
to purchase, and the charging infrastructure 
and battery also impose additional capital 
expenditure (CAPEX), bringing extra stress 
to the constrained fiscal space in developing 
economies. The stability and availability 
of energy supply of e-buses are also often 
questioned by financiers, especially in devel-
oping economies. In addition, e-bus oper-
ation is relatively new for many traditional 
bus operators, which also leads to hesita-
tion from financial institutions who typically 
provide credit for business as usual.

While challenges exist, opportunities also 
present themselves. Bus electrification is 
not just about bus operation and the bus 
operator, it also links to the whole urban 
mobility ecosystem and the e-mobility 
industry. Financing and funding of bus 
electrification, therefore, can involve more 
diverse players and there is space for inno-
vation. While public financing prevails as 
the primary source for bus electrification, 
some commercial financings have been 
channeled through various mechanisms 
to address the gap between the cost and 
available fiscal budget, transferring certain 
risks from the government to parties better 
equipped to manage these risks. This article 
summarizes the experiences of these com-
mercial financing models to provide recom-
mendations to relevant stakeholders.

The global electric bus 
market is projected to grow 

from 81,000 units in 2021 
to 704,000 units by 2027, 

at a compound annual 
growth of 43.1 percent.

https://www.bloomberg.com/press-releases/2021-04-30/electric-bus-market-worth-704-thousand-units-by-2027-exclusive-report-by-marketsandmarkets
https://www.bloomberg.com/press-releases/2021-04-30/electric-bus-market-worth-704-thousand-units-by-2027-exclusive-report-by-marketsandmarkets
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Comparison of Bus Electrification 
Financing Mechanisms

The global practices present five types 
of commercial financing models for the 
capital investment of bus electrification 
categorized by who are the major finan-
ciers bearing the financing risk transferred 
from the government. In practice, different 

approaches can be blended. In these com-
mercial financing models, as analyzed in 
more detail in table 1 and the subsequent 
sections, financing risks and asset owner-
ships are reallocated among the different 
stakeholders.

Table 1. Analysis of Bus Electrification Financing Models

Model Bus (excluding battery) Battery Charging 
infrastructure

Bus 
depot 
retrofit

Energy grid 
connection

1. Bus operator + charging 
service company financing 
model (London, UK)

Financing Private bus operator Charging service company Energy utility 
company

Funding •	 Mileage-based payment from 
government

•	 Subsidy from national and 
subnational government

•	 Charging payment and charging infrastruc-
ture lease fee from operator

•	 Grid-to-gate funding from transport 
authority

Payment from 
operator

2. Financial leasing 
company 
+ charging 
service provider 
financing model 
(Shenzhen, 
China; Dalian, 
China)

2.1 Bus-
battery 
separation 
leasing

Financing Financial leasing company Charging service provider

Funding •	 Lease payment from state-
owned operator (guaranteed 
by charging service provider)

•	 Vehicle sale or production 
subsidy from governments 

Lease pay-
ment from 
operator on 
battery

•	 Charging fee paid by operator 
•	 Charging subsidy from government

2.2 Bus 
outright 
leasing

Financing Financial leasing company 	 Charging service provider

Funding •	 Lease payment from state-owned operator
•	 Vehicle sale or production subsidy from 

governments

•	 Charging fee paid by operator
•	 Charging subsidy from government

3. OEM financing model 
(Kolkata, India)

 
 

Financing Original equipment manufacturer (OEM) Energy utility 
company

Funding •	 Mileage-based payment from government 
•	 Subsidy from government

Charging fee 
from OEM

4. Energy utility company 
financing model 
(Santiago, Chile)

 
 

Financing Energy utility company

Funding •	 Periodical payment for buses and charging infrastructure from system financial manager 
guaranteed by city transport authority

•	 Payment for energy from private bus operator

5. Other financing 
mechanisms

(1)  OEM installment: OEM sells e-bus equipment with zero or discounted upfront cost and amortizes the cost payment from 
buyers through yearly installment during operation, for example, Proterra (United States); BYD (China).

(2)  Green financing facility as an aggregator for e-bus uptake: bus operators obtain financing at preferential rates and sourced 
through a capital pool by green financing facilities, for example, Tianjin, China; Gujarat, India.

Source: Original table produced for this publication.
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•	 The cost of battery and vehicle body are 
split and shared by multiple parties 

•	 Direct involvement of charging service 
company can lower the cost of battery 
and charging service provision

•	 The upfront cost of battery is converted 
to operation cost for operator 

•	 Lease payment for battery offsets taxable 
profits

1. Bus Operator + Charging Service Company Financing Model

Under this model, the bus body (without 
battery) is financed and owned by the bus 
operator, the charging service provider 
finances and owns the battery and charging 
infrastructure. The charging infrastructure 
provider also finances bus depot retrofit to 
facilitate charging and in many cases such 
depot is owned by the bus operator or the 
government. The energy grid connection 
could need upgrades due to the e-bus 
charging. The utility company finances the 
grid upgrades and is often paid by the oper-
ator through a direct payment, or as part of 
the charging fee allocated to the utility com-
pany from the charging service provider.  

Decision makers could consider this 
model when the charging service provider 
has strong financing capacity and better 

technical capacity than the operator in 
managing the battery technology, and the 
operator has sufficient financing capacity 
to cover the capital cost of the bus vehicle. 
With capital investment in bus vehicles, the 
operator might prefer cost-recovery and 
investment return through mileage-based 
payment and additional subsidy from the 
government rather than fare revenue to 
avoid taking the demand risk. Similarly, the 
charging service provider requires dedi-
cated funding from the government for 
their capital investment return, in addition 
to the charging payment and battery lease 
fee from the operator.

Box 1 presents an example of bus oper-
ator + charging service company financing 
model in London, United Kingdom.

•	 Bespoke requirements and 		
technological compatibility issues 	between 
vehicle and battery

•	 Ownership separation could add contracting 
complexity and 	transactional cost

•	 This model could increase the entry threshold 
for small operators and charging service 
provider which have relatively weak financing 
capacity. 

•	 Operators could lack incentive to improve bus 
service, as their financial return is not directly 
linked to the bus ridership

Benefits Disadvantages
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Box 1. The Bus Operator + Charging Service Company Financing Model in London, United Kingdom

In London, Zenobē Energy, a charging service company, provides battery-on-bus financing to jointly 
roll out e-buses with the operator. This financing model splits the ownership of an e-bus between the 
operator Abellio, which owns the vehicle’s body, and the charging service company Zenobē, which 
owns the battery, runs, and maintains the charging infrastructure in the depot for Abellio (Zenobē 
Energy 2020). Figure B1.1 details the model.

Figure B1.1. Bus Operator + Charging Service Company Financing Model

Source: Original figure produced for this publication. 
Note: The solid line refers to the provision of physical asset; the dashed line refers to the capital flows of funding, subsidy and payment.

2. Financial Leasing Company + Charging Service Provider Financing Model

Under this model, financial leasing compa-
nies and charging service providers jointly 
provide commercial financing. Two types of 
derivate schemes offer different asset own-
ership arrangements: (1) bus-battery sepa-
ration leasing, and (2) bus outright leasing. 

2.1. Bus-battery separation leasing 
The bus-battery separation leasing model 
is similar to the bus operator + charging 
service company financing model described 
previously, but with the introduction of a 
financial leasing company to take owner-
ship of the vehicle instead of the operator. 

While bus bodies (excluding batteries) 
are financed and owned by the financial 
leasing company, batteries and charging 
infrastructure are financed and owned by 
the charging service provider. These assets 
are leased to the operator. This model 
transfers the risks of e-bus financing to the 
financial leasing company and the charging 
service provider. It can be considered when 
the operator tends to avoid bearing the 
upfront cost of the e-bus but still controls 
the technical specifications of the vehicle—
by advising the financial leasing company 
on the procurement. When the battery 

Transport authority

pay for e-bus service 
based on mileage provide subsidy 

procure bus vehicle and maintain 
the bus and depot

provide and operate the batteries 
on the bus, run and maintain the 
charging infrastructure in the 
depot, and cover the cost of 
battery replacement

pay for the battery supply and 
charging service via lease

provide “grid 
to gate” grant 

funding 
subsidy

Battery and charging
service supplier

Bus operating company

https://www.zenobe.com/news-and-events/abellio-and-zenobe-energy-to-bring-34-electric-buses-to-london
https://www.zenobe.com/news-and-events/abellio-and-zenobe-energy-to-bring-34-electric-buses-to-london
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technology is nascent, and performance is 
unreliable, separating the provision of bat-
tery from the bus vehicle could be a solu-
tion to allow the charging service provider 
to manage the battery failure risks given 
its better technical capacity in charging and 
maintaining batteries.

•	 The capital cost of battery and vehicle is 
converted to operation cost could reduce 
the upfront financial pressure to the 
operator/government

•	 Charging service provider bearing the 
battery failure risk when technology is 
not mature makes the electrification 
transition feasible

•	 Lease payments could offset taxable 
profits

•	 Battery maintenance could increase the cost 
of the charging service provider

•	 Ownership separation could add contracting 
complexity and transactional cost

•	 Operators could face additional cashflow 
pressure during the operation due to the 
payment obligation to lease

•	 Operation disruption in case of battery 
failures might be longer because of inter-
face risk of battery management and bus 
management

Benefits Disadvantages

Box 2. Bus-Battery Separation Leasing in Shenzhen, China

The first phase of bus electrification of the Shenzhen Bus Group (SBG) rolled out when the battery 
performance and charging technical risks were high at the technology nascent stage. The Shenzhen 
government negotiated a concession deal that designated Potevio Group Corporation (PGC), a state-
owned enterprise (SOE), as the only authorized charging service provider, who also bought and took 
charge of the batteries. PGC also offered guarantees to the financial leasing company, the financial 
leasing division of the Bank of Communications, who purchased the bus body without batteries and 
then leased the buses to the operator, SBG. SBG receives government subsidy and collects fare rev-
enue. This approach overcame upfront financial constraints by moving financing risks to charging 
service providers and financiers and lowering the financial leasing costs with the guarantee provided 
by the state-owned charging service provider. Figure B2.1 illustrates the model. In the Shenzhen case, 
the e-buses’ ownership will be transferred to the operators after the lease period. Given the operators 
have control over the e-bus maintenance, the residual value risk can be mitigated to some extent.

Box 2 describes the bus operator + 
charging service company financing model 
as implemented in the phase 1 of e-buses 
rollout Shenzhen, China.

box continued on next page
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•	 The upfront cost of e-bus is converted to 
operation cost, which lowers the financial 
pressure of the operator/government

•	 Lease payment for bus and charging could 
offset taxable profits

•	 	Compared with the bus-battery separation 
scheme, this model allows more efficient 
bus operation with whole vehicle lease, also 
making direct involvement of OEM (e.g., in 
forms of warranty of major components 
including batteries) easier, which can lower 
the e-bus maintenance cost

•	 Ownership separation could add contracting 
complexity and transactional cost

•	 Operators could face additional cashflow 
pressure during the operation due to the 
lease payment obligations

•	 High requirement for the operator’s balance 
sheet to qualify for using lease

Benefits Disadvantages

Figure B2.1. Bus-Battery Separation Leasing in Shenzhen, China

Source: Adapted from World Bank 2021. 
Note: The solid line refers to the provision of physical asset; the dashed line refers to the capital flows of funding, subsidy, and payment; the 
green dashed line refers to the guarantee for leasing.

pay for e-bus service 
based on mileage provide subsidy 

provide vehicle sale/ 
production subsidy

provide
charging
subsidy

provide
operating

subsidy

pay for battery and chargingand 
maintenance service fee

provide battery and charging 
and maintenance service

provide bus bodies without battery 

pay for bus bodies without battery 

provide guarantee pay for the lease lend the lease

pay for battery

National and local governments

Original equipment manufacturerFinancial leasing company

Battery manufacturer

Charging service provider Bus operating company

National and local governments

2.2. Bus outright leasing

In the bus outright leasing scheme, the oper-
ator takes major e-bus financing risk, with 
ownership of the whole bus vehicle including 
battery. This model has similar advantages 
as the bus-battery separation leasing model, 
and it can be applied when battery reliability 
is no longer a major deterring factor, and 

the operators and financial leasing compa-
nies are technically and financially strong 
enough to take the lead. 

Box 3 describes the outright leasing model 
as implemented in the phase 2 of e-bus 
rollout in Shenzhen, China.

https://openknowledge.worldbank.org/handle/10986/35935/
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Box 3. The E-Bus Outright Leasing in Shenzhen, China.

The second phase of SBG’s bus electrification used a whole bus lease model. While a financing 
leasing company buys and owns the buses including batteries, the operator pays the lease to the 
financing leasing company on a seasonal basis, with an annual interest rate of around 4 percent 
during the buses’ eight-year lifespan. At the same time, the bus manufacturer provides a lifetime 
warranty for the key components of the e-bus, for example, battery, electric motor, and controller. 
The charging service provider constructs and operates the charging facilities while the bus operator 
pays the charging service fee. SBG receives government subsidy and collects fare revenue. This 
model is more efficient than the bus–battery separation model because fewer parties are involved 
with lower transaction costs. Figure B3.1 shows the model in detail.

Figure B3.1. E-Bus Outright Leasing Model

Source: Adapted from World Bank 2021. 
Note: The solid line refers to the provision of physical asset; the dashed line refers to the capital flows of funding, subsidy, and payment.  

provide vehicle sale/ 
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charging
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National and local governments
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3. Original Equipment Manufacturer Financing Model

In this model, the original equipment 
manufacturer (OEM) takes major e-bus 
financing risk from the government, owns 
e-bus assets, and operates the bus fleets. 
Meanwhile, the risks of capital cost, tech-
nology, and management capacity are 
transferred to the OEM. This model can be 
applied when the manufacturers have local 

e-bus production, installation, and mainte-
nance capacity, with sufficient competition 
among the manufacturers to provide value 
for money for e-bus service.

Box 4 takes a closer look at the OEM 
financing model as applied in Kolkata, India.

https://openknowledge.worldbank.org/handle/10986/35935/
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•	 Integrated ownership and operation of 
e-bus could lower contracting complexity

•	 Could provide more opportunities for 
operators with relatively limited financing 
capacity to join the e-bus service

•	 High financing, technological and opera-
tional capacity requirements for OEMs

•	 Potential risk on operation service 
quality given OEMs could lack operation 
experiences

Benefits Disadvantages

Box 4. The OEM Financing Model in Kolkata, India

In Kolkata, the national and state governments provide capital and operation and maintenance subsi-
dies for the e-bus provision and operation led by PMI-Foton, a leading Indian e-bus OEM. The consor-
tium led by PMI-Foton was awarded the gross cost contract for operating and maintaining 50 e-buses 
in New Town Kolkata at a rate (in Indian rupees) of Rs86 per kilometer (TERI 2020; Gupta et al. 2021).

The most common approach in India has been for state transportation undertakings (STUs) to own, 
operate, and repair the buses themselves. As a result, only a few operators have a sufficient pres-
ence and track record, making it difficult for operators to obtain financing for bus electrification. As 
a result, the involvement of OEMs could provide additional guarantees on behalf of bus operators. 
Figure B4.1 illustrates the OEM model. There are also other measures to improve the bankability of 
the bus e-bus project when the involvement of OEM is optional under such gross cost contract model, 
for instance, allowing non-OEM bidders/consortium led by financiers and operators to participate by 
submitting an undertaking from (one or more) OEMs or procuring from empaneled list of OEMs.

Figure B4.1. OEM Financing Model

Source: Original figure produced for this publication. 
Note: The solid line refers to the provision of physical asset; the dashed line refers to the capital flows of funding, subsidy, and payment.
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partner with OEM to 
operate e-buses in 
some bids

provide power 
and energy grid 

connection

provide OPEX subsidy, and depot
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https://www.teriin.org/sites/default/files/2020-06/e-bus-case-study-TERI-Kolkata.pdf
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/772841622724981757/electric-mobility-in-india-accelerating-implementation
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Other contract types under the OEM 
financing model feature unbundled bus 
bodies and batteries. The operators pur-
chase bus bodies and lease the batteries 
from OEMs over the lifetime of buses. 
For example, as the OEM, Volvo excludes 

the batteries from the bus purchase price 
and leases batteries for up to 12 years in 
Bogotá, Colombia (Moon-Miklaucic et al. 
2019), and Proterra sells bus bodies and 
leases batteries to the operator in Park City, 
Utah, United States (Proterra 2019a).

4. Energy Utility Company Financing Model 

In the energy utility company financing 
model, the energy utility owns e-buses, 
leases them to the operator, provides 
charging service, and supplies energy. 
Meanwhile, the risks of e-bus procurement 
and charging infrastructure construction 
are transferred to the energy utility com-
pany who can assume the investment costs 
of charging infrastructure either through 
the loan, its own capital, or with the support 
of government grants and recuperate their 

investment by charging the fleet operators 
for service provision. This model can be 
applied when the energy utility companies 
have a strong financing capacity and can 
integrate the resources of other players 
such as OEMs and operators.

Box 5 provides an example of the energy 
utility company financing model as rolled 
out in Santiago, Chile.

•	 Energy utility company could modify the 
energy grid and provide charging infrastruc-
ture and service at a lower cost

•	 Energy utility company with strong financial 
profile could have more negotiation power 
on the interest rate of commercial bank loans

•	 High entry bar for bidding could result in 
insufficient competition

•	 Traffic risk could affect the payment to 
the lease

Benefits Disadvantages

https://www.wri.org/research/financing-electric-and-hybrid-electric-buses
https://www.wri.org/research/financing-electric-and-hybrid-electric-buses
https://www.proterra.com/press-release/proterra-and-mitsui-co-ltd-create-200-million-credit-facility-to-scale-proterra-battery-leasing-program
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Box 5. The Energy Utility Company Financing Model in Santiago, Chile

The city of Santiago utilizes the energy utility company financing model where the energy utility company cooper-

ates with OEM and private operator for bus electrification. The key enabling factors include the fleet and charging 

infrastructure investment from the energy utility company and direct pass-through payments on fleet and energy 

from authority to fleet provider. Enel, an energy utility company, finances the buses and leases them to the oper-

ator, Metrobus, for ten years, after which ownership is transferred to Metrobus. In addition, Enel is also involved 

in the installation and power provision for the charging infrastructure as well as the depots. The manufacturer, 

BYD, sells the buses and charging infrastructure and provides maintenance services, including battery packs and 

electric drivetrains for a fixed-rate payment. AFT (a private enterprise procured by the city’s transport authority to 

manage the system’s finances) collects the system’s revenue, including from the fareboxes, and distributes it to 

pay for charging infrastructure and the bus operator based on ridership and mileage. Meanwhile, the AFT sub-

tracts from the payment to the operator the amount corresponding to the leasing contract it has with the energy 

utility company and pays that sum directly to the energy utility company. This key feature allows energy utility 

company to lower the risk of investment. Contracts with operators and fleet providers stipulate the buses remain 

in the system until the debt is paid, which allows for longer debt tenures than operating contracts and results in 

lower operating costs (World Bank 2020). Figure B5.1 illustrates the model.

Figure B5.1. Energy Utility Company Financing Model

Source: World Bank 2020; figure adapted from Jattin 2019. 
Note: The solid line refers to the provision of physical asset; the dashed line refers to the capital flows of funding, subsidy, and payment.
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Another case under the energy utility 
company financing model is the bus elec-
trification project in Oregon, United States, 
whereby the energy company provides 
financing for the transit agency TriMet 
to purchase e-buses and install charging 

stations. In other cases, the energy utility 
companies will waive some tariffs and 
provide an affordable rate structure for 
e-bus operation, for example, e-bus rollout 
in northern Los Angeles County, California, 
United States (Casale and Mahoney 2018).

http://documents.worldbank.org/curated/en/656661600060762104/Lessons-from-Chile-s-Experience-with-E-mobility-The-Integration-of-E-Buses-in-Santiago
http://documents.worldbank.org/curated/en/656661600060762104/Lessons-from-Chile-s-Experience-with-E-mobility-The-Integration-of-E-Buses-in-Santiago
https://www.changing-transport.org/wp-content/uploads/2019_Busfleet_Modernisation_Financial_Mechanisms.pdf
https://uspirg.org/sites/pirg/files/reports/National - Paying for Electric Buses.pdf


MOBILITY AND DEVELOPMENT: INNOVATIONS, POLICIES, AND PRACTICES96

5. Other Financing Mechanisms

Other financing mechanisms are also 
being explored, including OEM installment 
and green financing facility. Bus manufac-
turers with strong financial capacity offer 
installments for scaling up e-bus purchase 
with a less upfront cost for the buyers. For 
example, BYD and China Development 
Bank partner to launch the “Zero Vehicle 
Purchase Price” program (CAAM 2012) 
whereby bus operators can choose to 
replace upfront payments with installment 
payments through a financial lease, 
operating lease, or buyer’s credit.1 The 
U.S.-based manufacturer Proterra offers a 
number of battery leasing options, including 
low-cost financing as well as an operating 
lease (Proterra 2019b). The operating lease 
allows cities to pay for the use of the bus 

over time with an option to purchase the 
bus at the end of the lease period.

Green financing options such as green 
bonds, green-tagged loans, green invest-
ment funds and climate funds could also be 
considered for financing bus electrification 
as they can help the investors raise capital 
from more diverse sources at a lower cost 
and also provide some financial incentives 
(for instance, tax benefits). For example, 
the Shanghai Pudong Development Bank 
(SPDB) raised capital by issuing a green 
bond and provided a low-interest loan 
to support Tianjin Bus Group purchasing 
e-buses with the guarantee provided by 
the subsidiary financial leasing company of 
SPDB (Transport Scotland 2021).

1	 A financial lease is a type of commercial lease agreement in which a finance company is the legal owner of an asset, and the lessee rents the 
asset for an agreed-upon period of time. The lessee makes a series of payments for the use of the asset and has an option to make a residual 
payment and acquire the ownership of the asset at the end of lease contract.

	 An operating lease is also a commercial lease agreement, similar to a financial lease except without an ownership transfer at the end of the 
lease period.

	 Buyer’s credit is a short-term loan facility provides by a lender such as a bank or financial institution to finance the purchase of capital goods 
and services.The buyer owns the assets and pays installments to the financial institutions.

Key Findings on Financing 
Bus Electricfication

Based on the case studies and interviews 
with private stakeholders conducted by 
the authors, the key findings on designing 
financing bus electrification are summa-
rized as below: 

FINANCING 

•	 Commercial financing can be channeled 
through industrial players with strong 
financial capacity such as operators, 

charging service providers, OEMs, and 
energy utility companies.

•	 Leasing can mitigate the impact of high 
upfront capital cost by converting it to 
operating cost over the lease period. 
Nonetheless, it is important to carefully 
assess the cost of leases as they could 
increase lessees’ liability during the 
operational period.

http://www.caam.org.cn/chn/8/cate_81/con_5081242.html
https://www.proterra.com/financing-ev-fleets-with-proterra-battery-leasing-program/
https://www.cpt-uk.org/media/yo2du40i/ze-bus-financing-information-and-ideas-pack.pdf
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•	 Long-term maintenance provided by 
OEM in the forms of warranty or conces-
sion contract could reduce technology 
risks, battery maintenance and replace-
ment risks, and better support residual 
value capture.

•	 Government payment guarantees could 
help reduce the risks perceived by the 
financiers and improve the bankability 
of the project. Yet, the contingent lia-
bility from the guarantee needs to be 
carefully managed in the government 
fiscal system. 

FUNDING 

•	 Capital and operational subsidies might 
be needed when the project revenue 
(fare and non-fare revenue) cannot meet 
the return demand from the financiers.

•	 The funding for CAPEX should consider 
the cost of the buses, batteries, charging 
infrastructure, energy grid connections 
including necessary capacity upgrade 
and depot retrofits, etc. Where local gov-
ernments have tax-raising powers, tax 
income such as part of the payroll tax 
could be used to fund the electrification 
of public transport systems.

•	 The funding for operating expenses 
(OPEX) should be prepared based on the 
estimation of operating cost and deficits, 
peak hour capacity, excess of costs over 
passenger fares, periodic refurbishment 
of buses and other equipment, periodic 
replacement of batteries, ongoing power 
price, and length of operation contracts.

•	 Traditional funding sources for OPEX 
are mileage payment, fare revenue, 
subsidies and incentives provided by 
the government. Alternative funding 
sources that can be explored include 
land monetization, carbon tax, fuel levy, 
additional revenue generated from 
assets (including charging, data, main-
tenance workshops, advertisement), 
congestion charge, and bus scrappage.

OTHER ASPECTS

•	 Monetary and non-monetary incentives 
can be provided by the government to 
channel commercial financing further. 
The incentives include government 
guarantee and subsidies, preferential 
pricing for tariffs and concessional and 
blended finance, exemption of val-
ue-added tax and import tax and cor-
porate tax, designation of low emission 
zones, and land provision for charging 
infrastructure and depot.
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Addressing the Viability Gap of 
Financing Bus Electrification

To address the viability gap of financing bus 
electrification, it is important to reduce the 
cost, increase revenue, and de-risk projects. 
Stakeholders need to target sensitive cost 
components, including the price of electric 
battery bus, subsidy, bus lifetime, annual 
distance, electricity tariff, warranty, residual 
value, and operation penalty, to reduce 
the TCO of bus electrification (World Bank 

2021).2 On the revenue side, government 
subsidy at an appropriate level and mone-
tizing the residual value of bus and charging 
infrastructure will help increase the revenue. 
Table 1.2 provides some pragmatic recom-
mendations to bridge the viability gaps of 
bus electrification from the perspective of 
cost reduction and revenue generation.

Electrification of 
Public Transport: 
A Case Study of 
the Shenzhen Bus 
Group.

Table 2. Recommendations for Enhancing Bus Electrification Viability

Cost reduction and/or revenue generation measures

Cost items

Cost of e-bus  •	 Optimize battery capacity based on operation needs
•	 Optimize fleet size based on the bus operation capacity and local demand
•	 Introduce competition among manufacturers to lower the price of e-buses
•	 Take advantages of tax incentives such as value-added, import, and corporate 

profit tax breaks to lower the price of e-bus

Construction 
of the charging 
station  

•	 Collaborate with the energy utility companies to lower the price of transmit-
ting electricity to the charging station

•	 Involve original equipment manufacturers (OEMs) in the construction of 
charging stations or installation of chargers to ensure their compatibility with 
the e-buses

•	 Take advantage of public land provision incentive for charging stations

Land availability 
and rental for the 
charging station  

•	 Utilize existing depots for building charging stations
•	 Government collaborates with other stakeholders to utilize the land and 

charging infrastructure outside depots to improve land availability and reduce 
the rental cost  

•	 Decentralize chargers to reduce the cost of land acquisition for the charging 
station construction when the land is unavailable, or cost is high

Warranty •	 Negotiate with the manufacturer to extend the warranty of key parts especially 
batteries to reduce the maintenance, repair and replacement cost

2	 Bus electrification was also discussed during an August 2021 virtual workshop on e-bus deployment arranged by the World Bank with support from 
Institute for Transportation and Development Policy (ITDP). See ITDP (2021) for more details about the workshop.

https://openknowledge.worldbank.org/handle/10986/35935
https://openknowledge.worldbank.org/handle/10986/35935
https://openknowledge.worldbank.org/handle/10986/35935
https://openknowledge.worldbank.org/handle/10986/35935
https://openknowledge.worldbank.org/handle/10986/35935
https://openknowledge.worldbank.org/handle/10986/35935
https://openknowledge.worldbank.org/handle/10986/35935
https://itdp-indonesia.org/2021/09/virtual-workshop-e-bus-deployment-technology-selection-and-business-models/
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Cost reduction and/or revenue generation measures

Electricity cost •	 Coordinate operation and charging time to take advantage of lower/valley 
rates (usually at night time)

•	 Negotiate discounted tariff with utility companies
•	 Optimize battery performance during operation, such as preset vehicle tem-

perature and replace low state-of-charge buses with high state-of-charge 
buses during cold, hot, and other extreme weathers

Bus lifetime  •	 Closely monitor vehicle and battery status during operations and keep regular 
maintenance and repairs

•	 Train drivers, charging staff, and maintenance staff for better maintenance of 
the buses

•	 Optimize software interoperability between the charger and e-bus to charge 
and maintain the bus battery in a safer and more efficient way

Annual distance  •	 Optimize route planning and rationalization, timetable preparation, frequency 
scheduling, and bus fleet monitoring system to improve operational efficiency 
and reduce per kilometer cost 

Revenue items

Subsidy •	 Potential alternative revenue sources from carbon tax, land value, congestion 
charge, and bus scrappage could be explored to widen the revenue sources

•	 Additional revenues can be generated by assets (for example, charging infra-
structure, data collected from vehicles, maintenance workshops and skilled 
electricians, commercial activities during charging time)

Residual value 
of e-bus and 
charging 
infrastructure

•	 Develop secondary markets for buses and batteries to capture the residual 
value

•	 Buyback guarantees from OEMs  
•	 Recycle and reuse use batteries for home energy storage, bus station reserve 

batteries, and energy storage elsewhere in the grid to obtain additional 
revenue

Source: Original table produced for this publication.

In addition, since bus electrification is still 
new to many developing countries, overall 
risks are perceived high by financiers and 
investors. It is helpful to mitigate the risk 

by leveraging expertise and financing from 
multilateral development banks (MDBs). 
Table 1.3 summarizes the risk mitigation 
measures provided by MDBs.
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Risk type Mitigation instruments of MDBs

Technical risk  •	 Technical assistance in improving policy and regulatory environment
•	 Technical assistance in prefeasibility and feasibility analyses with robust rider-

ship forecast
•	 Technical assistance in improving bus system design and network integration 
•	 Technical assistance in technical specifications (vehicle and battery, charging 

infrastructure and depot retrofit, fleet management system and passenger 
information system, and grid capacity) based on local context

•	 Technical assistance in operator transition including staff training
•	 Technical assistance in financing options, market analysis, and public-private 

partnership (PPP) options
•	 Technical assistance in tendering, including standard tendering documents

Financial risk  •	 Provide concessional lending to public entities for bus electrification
•	 Provide oversight and guarantee of public fund subsidies
•	 Provide support on local currency financing to manage foreign exchange risk 

support expansion of bus electrification funding mechanisms, including (1) 
the development of ring-fenced funds with the capital raised from green and 
climate bonds, among others, dedicated to bus electrification project funding, 
and (2) the establishment of debt and contingent liability management systems 
to cope with the risks of demand change, operation default and force majeure 
events such as pandemic

•	 Provide underwriting first-loss insurance to a local currency instrument to help 
mitigate risk associated with the convertibility of local currency

•	 Support leasing solutions by providing financial contribution to financial lease 
companies, operators, original equipment manufacturers (OEMs) and charging 
service companies

•	 Support aggregator and financing facility through intermediary financial loan
•	 Provide advice on risk transfer and associated cost to help the governments 

and private stakeholders coordinate the risk allocation, align different objec-
tives, and optimize the overall financing cost

Political risk  •	 Provide political insurance and guarantee to mitigate political risks

Source: Original table produced for this publication.

Table 3. Multilateral Development Bank De-Risking Measures for Bus Electrification
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