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REVIEW

ABSTRACT
Urban buses carry the largest share of public transport trips in Latin American cities, and diesel buses concentrate the emissions that urban 
transport contributes. This narrative review integrates the dispersed literature on bus fleet electrification in the region and grounds it in 
the two most advanced cases, Santiago and Bogotá. The synthesis builds a conceptual framework with five enabling conditions, policy 
anchors and targets, financing and total cost of ownership, technology energy and charging infrastructure, procurement and conces-
sion models, and operational integration, which jointly determine the environmental, health and equity outcomes of the transition. The 
evidence indicates that electrification advances only where mandates are accompanied by financing that closes the capital cost gap, by 
charging and grid capacity, and by contracts that distribute technology risk. Santiago and Bogotá show that early policy commitment 
and manufacturer-led procurement can scale fleets rapidly, while ex post measurement of air quality, health and equity gains remains 
limited. The framework yields verifiable propositions to guide policy design and future research in other Latin American cities.
Keywords: electric buses; public transport; Latin America; electromobility; urban mobility; decarbonization.

RESUMEN
Los autobuses urbanos concentran la mayor parte de los viajes en transporte público de las ciudades latinoamericanas, y los autobuses 
diésel concentran las emisiones que aporta el transporte urbano. Esta revisión narrativa integra la literatura dispersa sobre la electrifica-
ción de flotas de autobuses en la región y la ancla en los dos casos más avanzados, Santiago y Bogotá. La síntesis construye un marco 
conceptual con cinco condiciones habilitantes, anclas y metas de política, financiamiento y costo total de propiedad, tecnología energía 
e infraestructura de carga, modelos de compra y concesión, e integración operacional, que determinan de forma conjunta los resultados 
ambientales, sanitarios y de equidad de la transición. La evidencia indica que la electrificación avanza solo donde los mandatos se acom-
pañan de financiamiento que cierra la brecha de costo de capital, de capacidad de carga y de red, y de contratos que distribuyen el riesgo 
tecnológico. Santiago y Bogotá muestran que el compromiso temprano de política y la compra liderada por fabricantes pueden escalar 
las flotas con rapidez, mientras que la medición ex post de las ganancias en calidad del aire, salud y equidad sigue siendo limitada. El 
marco produce proposiciones verificables para orientar el diseño de política y la investigación futura en otras ciudades latinoamericanas.
Palabras clave: autobuses eléctricos; transporte público; América Latina; electromovilidad; movilidad urbana; descarbonización.
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INTRODUCTION

Buses carry the largest share of public transport trips in Latin American cities, and diesel 
buses concentrate the local air pollutants and greenhouse gases that urban transport contributes. 
Passenger transport is a priority in the regional deep decarbonization pathways, which treat the 
switch to clean electricity as a central strategy for the sector.(1)

Because public transport systems in the region move high ridership volumes while carrying 
persistent sustainability deficits, the electrification of their bus fleets determines whether decar-
bonization reaches the majority of urban travelers.(2)

The choice of bus technology is therefore not a marginal procurement decision but a struc-
tural component of the region’s climate and public health strategy, with consequences that extend 
well beyond the depot.

Evidence on bus fleet electrification has grown rapidly but remains dispersed across engi-
neering, policy and environmental studies.

Reviews of charging, operations and planning(3)and of transition and circularity integration(4)
treat the technical and economic dimensions largely in isolation from the institutional conditions 
that explain where electrification actually advances.

Research on total cost of ownership has matured in the same period,(5)yet its applications 
concentrate on Europe, North America and Asia rather than on the fiscal realities of Latin Ameri-
can cities.

The literature on bus rapid transit shows that Latin American systems suffer overcrowding, 
unreliable service, fare evasion and weak maintenance as a result of institutional and financial 
constraints,(6)and these same constraints shape how electric buses are financed, procured and 
operated. Concepts that are usually studied separately, policy, finance, technology, procurement, 
operations and outcomes, therefore need to be integrated into a single account if the regional 
experience is to become transferable.

Santiago and Bogotá are the two cases in which the regional experience is most advanced 
and most documented.

Santiago’s early experiments with shared electric mobility(7)and its subsequent measure-
ment of energy consumption with disaggregated fleet data(8)precede Bogotá’s electrification of 
one of the largest mass transit systems in the world,(9)analyzed as evidence of a Latin American 
transition toward sustainable public transport.(10)

The two cities differ in a way that makes them complementary rather than competing re-
ferences: Santiago offers an operational and energy baseline built from measured consumption, 
while Bogotá offers scale and corridor-level evidence on pollutant exposure.(11)

Together they provide a natural laboratory for identifying the conditions under which fleet 
electrification scales and for separating the transferable lessons from the local specificities. The 
selection of these two cities is deliberate rather than convenient: both operate large formal bus 
systems, both have adopted explicit electrification mandates, and both have generated the kind 
of measured evidence that allows a framework to be grounded in data rather than asserted from 
examples.

The objective of this review is to build a conceptual framework of the conditions that shape 
bus fleet electrification in Latin American cities and to ground it in the documented experience 
of Santiago and Bogotá, extracting lessons that other cities can test. Three questions guide the 
synthesis: which policy, financial, technological, procurement and operational conditions accom-
pany the deployment of electric bus fleets in the two cities; which environmental, health and social 
outcomes the literature reports; and which verifiable propositions the resulting framework yields 
for other cities in the region.

DEVELOPMENT

The framework integrates six components that move from the conditions that enable electri-
fication to the outcomes it produces. The order of the components is not arbitrary; each reflects the 
point at which a real deployment can stall. Five enabling components, policy anchors, financing, 
technology and charging, procurement, and operations, jointly determine the sixth, the environ-
mental, health and equity outcomes of the transition (Figure 1). The synthesis table condenses this 
progression axis by axis (Table 1), and a second table maps the evidence available for Santiago and 
Bogotá across the same components (Table 2).
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1. Policy anchors and targets
Policy anchors and targets are the national and local mandates, electromobility strategies 

and vehicle emission standards that reduce technology uncertainty and signal long-term com-
mitment to operators and investors.

The comparative evidence situates Latin American electrification within broader policy tra-
jectories.

Pabst et al.(12)analyzed the evolution of the bus market in Europe and Latin America and 
concluded that the conceptual framework used to explain European transitions must be extended 
with new dimensions to account for Latin American adoption rates, testing the argument through 
a social embedding analysis of the Brazilian and Mexican cases.

Junior et al.(13)traced the institutional framework behind the advance of electromobility in 
South America, while Kraemer et al.(14)showed that Brazil remains at an early stage of development 
despite the existence of laws, regulations and incentives.

Consoni et al.(15)reviewed public policy and battery-electric bus deployment in Latin America 
through the Brazilian lens and identified the policy instruments that have, and have not, translated 
into fleet growth.

The two case cities illustrate the anchoring role of explicit targets. For Chile, Arancibia et al.(16)
built scenario-based pathways for electric vehicle adoption and linked them to economic and en-
vironmental outcomes, and Mella-Lira(17)documented citizen perceptions and institutional gaps 
that condition a just transition.

For Colombia, Lopez-Arboleda et al.(18)assessed electromobility promotion with a system 
dynamics approach. Complementing these national signals, Serrato et al.(19)evaluated the impro-
vement of electric vehicle and emission standards in a Latin American city, and Bastos et al.(20)
showed that international cooperation missions accelerate battery-electric bus adoption.

The institutional constraints that Hidalgo et al.(6)linked to the operational decline of Latin 
American bus rapid transit apply with equal force to electrification, since the same authorities and 
contracts mediate both agendas. A recurrent gap in this axis is the absence of evidence linking 
specific instruments to observed fleet growth: the studies establish that mandates matter, but 
few isolate their marginal contribution relative to finance and technology, and fewer still measure 
whether citizen acceptance follows or constrains the policy signal.

Santiago anchors this component through the scenario pathways for electric vehicle adoption 
developed for Chile,(16)and Bogotá through the system dynamics assessment of electromobility 
promotion in Colombia.(18)In both cities the national signal precedes local deployment, which 
supports the sequencing the framework proposes and locates the anchor outside the transport 
authority alone.

2. Financing and total cost of ownership
Financing and total cost of ownership are the instruments and cost structures that close the 

gap between higher capital expenditure and lower operating and energy costs over the vehicle life.
The investment literature locates the binding constraint on the demand side. Arowolo et 

al.(21)framed the challenge as a question of where the money comes from, because governments 
are financially constrained, and complemented it with a power-transport coupling analysis of de-
veloping countries.(22)

Callegari et al.(23)argued that battery-electric buses in emerging markets require financing 
architectures consistent with a just energy transition. Rodrigues et al.(24)used participatory system 
dynamics to show how subsidy efficiency, rather than subsidy volume, conditions bus electrification, 
and the same group forecast battery-electric bus costs with a system dynamics perspective.(25)

Cardoso(26)evaluated the financial viability of electric propulsion projects in public trans-
port, and Pérez-Prada et al.(27)estimated the cost-effectiveness of clean bus technologies in Latin 
America.

The cost evidence converges on a total-cost logic. Systematic reviews of total cost of owners-
hip research(5)and of the economic efficiency of electric versus diesel buses(28)report that opera-
ting savings can offset capital costs under adequate utilization, while Carbone et al.(29)combined 
economic and environmental assessment across powertrain technologies.

Say et al.(30,31)showed that infrastructure investment, not the vehicle alone, determines when 
electrification becomes economic. Giagnorio et al.(32)tempered this optimism by estimating that 
electric buses are not welfare improving when higher supply costs exceed the lower external costs, 
a result that depends on subsidy levels.

Fantin et al.(33)modeled a solar-supported electric bus rapid transit as a scalable economic 

https://doi.org/10.62486/tms2026347


Eslava Zapata et al. SAP Transport, Mobility & Society. 2026;5:347

https://doi.org/10.62486/tms2026347 4

design, and Ngoc et al.(34)found that fleet leasing outperforms traditional ownership for complian-
ce with mandatory electric bus programs.

The axis therefore converges on the capital cost gap but diverges on its severity: model-based 
assessments report favorable totals once operating savings are counted, while welfare estimates 
that include infrastructure and subsidy costs reach more cautious conclusions. Ex post evidence 
from deployed Latin American fleets remains the missing link between these two readings.

Santiago illustrates the financing path through its early shared mobility experiments,(7)and 
Bogotá through the regional evidence on the cost-effectiveness of clean bus technologies.(27)
Neither city closed the capital cost gap from fare revenue alone, a constraint the framework treats 
as structural rather than incidental to the two cases.

3. Technology, energy and charging infrastructure
Technology, energy and charging infrastructure are the battery sizing, charging strategy and 

grid conditions that determine vehicle performance, energy cost and the carbon intensity of the 
fleet.

Case evidence from Chile quantifies the charging and energy requirements. Concha et al.(35)
estimated that an initial deployment of ten battery-electric buses in Chillán would require installed 
depot charging power between 300 and 450 kilowatts and an annual delivered energy of 1,149.75 
megawatt-hours, depending on whether overnight charging is complemented by opportunity 
charging.

Huertas et al.(36)measured the real energy consumption of electric and diesel buses opera-
ting in Chile, and Basso et al.(8)estimated energy consumption in Santiago from disaggregated 
fleet data, providing the empirical baseline that many planning models lack.

The broader literature frames these requirements within grid and infrastructure constraints. 
Silvestri et al.(3)reviewed charging, operations and planning across the electrification literature, and 
Rodrigues et al.(37)evaluated the viability of battery-electric buses in Brazilian bus rapid transit with 
a multicriteria approach that links technology choice to daily operation cost.

Xylia et al.(38)reviewed methods for estimating charging infrastructure demand. Clairand et 
al.(39)examined how electric buses interact with power systems, warning that their high load and 
time constraints differ from private electric vehicles.

Martínez-Gómez et al.(40)identified the lack of infrastructure, high implementation costs and 
unclear regulatory frameworks as the main obstacles to charging deployment in Latin America. 
Xiao et al.(41)analyzed battery-electric buses under different charging rates, and Matus Acuña et 
al.(42)linked electromobility futures to power grid and urban planning in Chile.

Calderón Márquez et al.(43)connected the transport transition to the broader challenge of 
universal electrification in Latin America and the Caribbean, where the carbon benefit of electric 
buses depends on the electricity mix. A gap in this axis is the scarcity of empirical grid impact stu-
dies for deployed Latin American fleets, most of the evidence remains prospective and therefore 
sensitive to assumptions about the electricity system that will supply the buses.

Santiago anchors the empirical end of this component through measured energy consump-
tion,(8,36)and Bogotá anchors the infrastructure end through the charging deployment methods 
developed for the city.(40)

The two cases therefore bracket the axis from vehicle performance to network capacity, which 
is the span the framework must hold together.

4. Procurement and concession models
Procurement and concession models are the tender, contract and operator arrangements 

that allocate technology and financial risk and determine how fleets scale and which firms parti-
cipate.

The regional literature treats procurement as a transmission mechanism for the other con-
ditions.

Lobo et al.(44)connected electric bus adoption to public policies, the technological maturity 
of cities and the capacity of small businesses, showing that adoption depends on local firms being 
able to absorb the technology.

Gonçalves da Silva e Silva et al.(45)developed a methodology to introduce electric bus fleets 
in Rio de Janeiro, which shows how tender design must anticipate charging and operational cons-
traints.

Doliveira et al.(46)documented the expansion and electrification of the public transport sys-
tem in Curitiba, a city whose bus rapid transit experience is a regional reference.(6)

https://doi.org/10.62486/tms2026347
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Contract design shapes who bears the technology risk. Ngoc et al.(34)compared traditional 
ownership with a fleet leasing model and concluded that leasing raises compliance with mandatory 
electrification, a finding directly relevant to Latin American cities where operators are fragmented 
and undercapitalized.

Giagnorio et al.(32)showed that the welfare effects of introducing electric buses depend on 
how contracts set pricing, frequency and public subsidies.

Sadrani et al.(47)ranked the barriers to bus electrification separately for developed and deve-
loping countries and found that institutional and financial barriers weigh more heavily in the latter.

Subramani(7)described the early Chilean arrangements for shared electric mobility, the seed 
from which Santiago’s later fleet programs grew.

The comparative evidence on procurement nevertheless remains thin: the studies describe 
individual tenders and programs but do not yet identify which contract features explain the obser-
ved differences in pace across Latin American cities. Santiago’s manufacturer-led programs grew 
out of its early pilots,(7)whereas Bogotá’s electrification of a large mass transit system(9)required 
renegotiating operator arrangements at scale.

The two cities thus represent different procurement paths to the same end, a divergence 
the framework records without ranking. The supply side of procurement receives less attention 
than it warrants.

Pabst et al.(12)located the regional bus market within a global value chain increasingly shaped 
by Asian manufacturers, and Bastos et al.(20)showed that international cooperation missions carry 
technology choices with them. The implication for the framework is that procurement decisions 
are partly determined upstream, by which manufacturers enter a given market, a condition that 
local tenders only partially control.

5. Operational integration and fleet management
Operational integration and fleet management are the scheduling, range management, 

depot retrofit and mixed-fleet coordination that sustain reliable service during the transition.
Operational planning must reconcile limited range and charging windows with existing 

schedules.
Concha et al.(35)derived an operational baseline from route lengths, service frequencies and 

fleet data before sizing charging demand, showing that integration begins with the schedule ra-
ther than the vehicle.

Huertas et al.(36)demonstrated that real-world consumption differs from nominal specifica-
tions, which matters for range assurance and depot planning.

Silvestri et al.(3)synthesized the planning literature on charging, operations and fleet repla-
cement, and Hussain et al.(4)added the circularity dimension of battery life and end-of-life mana-
gement to the operational picture.

Mixed diesel and electric fleets raise integration costs during the transition. Gonçalves da 
Silva e Silva et al.(45)treated fleet replacement as a staged problem in which diesel and electric 
buses must be scheduled jointly.

Xiao et al.(41)showed how charging rate choices interact with operating patterns to determine 
total cost and energy performance.

The human side of integration appears in the acceptance literature, Ganga et al.(48)unpac-
ked public acceptance of electric buses in a Brazilian city and found that user expectations about 
reliability and comfort condition the perceived success of the technology. Operational integration 
thus links the technical and social conditions of the framework.

The literature converges on the sequencing point, the schedule must precede the vehicle, 
but provides little ex post measurement of reliability or maintenance in electrified Latin American 
depots, a gap that limits confidence in the planning models that currently guide investment.

Santiago contributes the operational baseline through real consumption records,(36)and 
Bogotá contributes the transition evidence on service within a large system.(10)Operational inte-
gration is where the two cases are least comparable and most instructive, because it depends on 
local route structure and depot geography that no general model can assume away.

6. Environmental, health and equity outcomes
Environmental, health and equity outcomes are the avoided emissions, air quality and health 

co-benefits and the distributional consequences that result from the transition, contingent on the 
electricity mix.

Life cycle and emissions studies quantify the climate benefit. Ferreira and Pereira(49)esti-
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mated that full electrification of the municipal fleet of Belo Horizonte could avoid 125,414 tonnes 
of carbon dioxide per year, with a sensitivity of plus or minus ten percent, together with 7.8 tonnes 
of methane and 7.4 tonnes of nitrous oxide annually.

Fariña Martínez et al.(50)applied the ISO 14064 methodology to estimate the carbon dioxide 
equivalent reduction from replacing fossil buses in Chillán. L

eichter et al.(51)compared diesel, biodiesel and electric scenarios in a life cycle assessment, 
and Jakub et al.(52)and Razy-Yanuv et al.(53)reached similar conclusions for other contexts.

A Chilean study identified the fabrication and use stages as critical for the global warming 
impact of electric city buses,(54)a finding that shows the benefit depends on the grid mix.

Air quality and health evidence is thinner but consistent in direction. Romero et al.(11)com-
pared ultrafine particle exposure on electric, gas and diesel buses in the mass transit system of 
Bogotá, and Zhong et al.(55)estimated air quality and health co-benefits of bus electrification in a 
metropolitan setting outside the region.

Miraftabzadeh et al.(56)compared decarbonization options for local public transport, while 
Barragán-Escandón et al.(57)applied multicriteria methods to select electric buses for Cuenca, 
Ecuador, and Ndhlovu et al.(58)reviewed the decarbonization potential of electric public transport.

The equity dimension remains the least developed: Callegari et al.(23)and Mella-Lira(17)call 
for a just transition, Velasco et al.(2)integrated social indicators into a sustainability index for the 
region, and Guzmán Oros et al.(59)measured the user experience that conditions whether the 
transition is perceived as an improvement.

Across this axis the findings converge on a clear climate benefit that is conditional on the 
grid, and diverge on how much of that benefit is realized in health and equity terms once imple-
mentation, exposure and access are taken into account. Bogotá anchors the exposure evidence 
through ultrafine particle measurements on transit buses,(11)and Santiago anchors the climate 
evidence through the global warming assessment of electric city buses.(54)

Neither city yet anchors the health and equity outcomes, which the framework marks as the 
least evidenced component and the clearest research priority.

Together the six components form the framework. Policy and procurement set the rules, 
financing and technology set the means, operations set the reliability, and outcomes set the re-
turn that justifies further investment (Figure 1). The framework is layered rather than linear: the 
five enabling conditions form a lower layer of institutional and physical preconditions, and the 
outcomes form an upper layer that only becomes available once the lower layer is in place. The 
feedback arrow in the figure captures the argument that realized benefits justify the next round 
of investment, so that electrification becomes self-reinforcing only after the initial conditions are 
met. This layering is what distinguishes the framework from a simple list of success factors, each 
component occupies a causal position in the sequence rather than a presence that can be skipped. 
Table 1 condenses this progression with the key findings and representative studies, and Table 2 
contrasts Santiago and Bogotá across the same components (Table 1) (Table 2).

Figure 1. Conceptual framework for bus fleet electrification in Latin American cities.
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Table 1. Synthesis of the framework components with key findings and representative studies.

Component Key finding Representative studies

Policy anchors and targets
Electrification advances where national 
and local mandates reduce technology 

uncertainty

Pabst et al. 2026; Consoni et al. 2025; 
Lopez-Arboleda et al. 2023

Financing and total cost of ownership
Capital cost gaps require subsidies, 
concessional finance and efficient 

subsidy design

Arowolo et al. 2026; Rodrigues et al. 
2025; Say et al. 2024

Technology, energy and charging
Depot charging demand and grid 

capacity condition cost and carbon 
benefit

Concha et al. 2026; Clairand et al. 2019; 
Xiao et al. 2024

Procurement and concession models Tender and leasing design allocates 
technology risk and shapes scaling

Lobo et al. 2025; Ngoc et al. 2025; 
Sadrani et al. 2024

Operational integration and fleet 
management

Schedule, range and mixed-fleet 
coordination sustain reliability

Concha et al. 2026; Silvestri et al. 2026; 
Huertas et al. 2024

Environmental, health and equity outcomes
Climate benefit is clear and grid-

dependent; health and equity evidence 
is thinner

Ferreira and Pereira 2026; Romero et 
al. 2024; Mella-Lira 2026

Table 2. Evidence mapped across the framework for Santiago and Bogotá.

Component Santiago evidence Bogotá evidence

Policy anchors and targets Scenario pathways for electric vehicle 
adoption; institutional gap analysis

System dynamics assessment of 
electromobility promotion

Financing and total cost of ownership Early shared mobility experiments as a 
seed for fleet programs

Cost-effectiveness of clean bus 
technologies in the regional context

Technology, energy and charging Disaggregated energy consumption 
estimation and real consumption data

Charging infrastructure deployment 
methodologies

Procurement and concession models Manufacturer-led fleet programs 
following early pilots

Electrification of a large mass transit 
system

Operational integration and fleet 
management

Real consumption data support range 
and depot planning

Transition evidence toward 
sustainable public transport

Environmental, health and equity 
outcomes

Global warming assessment of electric 
city buses

Ultrafine particle comparisons on 
electric and diesel buses

DISCUSSION

This review set out to integrate the dispersed concepts of bus fleet electrification into a 
single framework grounded in the Santiago and Bogotá experience. The synthesis converges on 
one central proposition: fleet electrification is not a technological substitution but a sequence of 
institutional and financial decisions in which each enabling condition constrains the next. Policy 
targets without financing remain declarative, financing without charging and grid capacity buys 
vehicles that underperform, and procurement contracts that concentrate risk on fragmented 
operators stall the transition regardless of the technology on offer.

Stated more sharply, the vehicle is the least binding constraint in the entire sequence, and 
the places where Latin American deployments have stalled are almost always upstream of it.

This synthesis extends prior models rather than replacing them. Hidalgo et al.(6)located the 
decline of Latin American bus rapid transit in institutional and financial constraints, and this review 
shows that the same constraints reappear as the determinants of electrification. Bataille et al.(1)
placed passenger transport within economy-wide decarbonization pathways for the region and 
identified the switch to clean electricity as the central strategy; the framework developed here 
specifies the intermediate conditions through which that switch reaches the bus fleet. Velasco 
et al.(2)proposed a multidimensional sustainability index for Latin American public transport that 
treats governance and social outcomes as separate dimensions, and the six components of this 
review map onto that structure while emphasizing the causal sequence among them.

Sadrani et al.(47)similarly found that barriers operate differently in developing countries, whe-
re finance and institutions dominate, a result this synthesis reproduces. Prior reviews of narrower 
scope reach compatible conclusions that the framework assembles into a single sequence.

https://doi.org/10.62486/tms2026347
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The total cost of ownership literature(5,28)establishes the cost logic but not the institutional 
conditions that make the logic relevant, and the charging infrastructure literature(38,39)establishes 
the physical requirements but not the contracts that would pay for them. Reviews framed around 
a just transition(23,58)add the equity condition that the technical and economic reviews omit.

The contribution of this framework is to arrange these partial results into the order in which 
they must be satisfied.

The two cases diverge in instructive ways. Santiago’s trajectory proceeded from early sha-
red-mobility experiments(7)toward fleet programs whose energy performance is now measured 
with disaggregated data(8)and real consumption records.(36)

Bogotá’s trajectory is documented primarily as the electrification of a very large mass transit 
system(9)within a broader Latin American transition,(10)with air quality evidence emerging from 
ultrafine particle measurements.(11)

The divergence between the two cities is less about ambition than about the evidence each 
has produced: Santiago offers an operational and energy baseline, Bogotá offers scale and exposure 
data, and neither yet offers robust ex post estimates of health or equity effects. This asymmetry, 
rather than any failure of policy, explains why the two cases are complementary anchors for the 
framework.

The Brazilian and Andean cases broaden the geographic base of the framework beyond 
the two anchors. Curitiba’s expansion and electrification of its public transport system(46)and 
the methodology developed for Rio de Janeiro(45)show that cities with strong bus rapid transit 
institutions repurpose them for electrification rather than starting from scratch. Belo Horizonte’s 
environmental and social analysis(49)and the charging and emissions estimates for Chillán(35,50)
extend the outcome and infrastructure components to mid-sized cities, where the same framework 
applies at smaller scale and with less fiscal room.

Cuenca’s multicriteria bus selection(57)makes technology choice explicit where procurement 
is treated as a decision rather than a formality. These cases confirm that the framework genera-
lizes beyond Santiago and Bogotá while preserving the local conditions that each component is 
designed to measure.

The synthesis also accommodates findings that contradict an optimistic reading of electri-
fication.

Giagnorio et al.(32)found that electric buses are not welfare improving when supply costs 
exceed external cost savings, which cautions against treating electrification as self-financing. A 
Chilean life cycle assessment identified the fabrication stage as a critical contributor to the global 
warming impact of electric city buses,(54)tempering the use-phase optimism of studies such as 
that of Ferreira and Pereira.(49)

These divergences are reconciled by the grid and financing components of the framework: 
the environmental and economic returns are parameters set elsewhere, not properties of the 
vehicle itself.

The social and governance consequences of the framework follow from its layering. Because 
the five enabling conditions are institutional as much as technical, the distribution of benefits de-
pends on who is included when the conditions are set. A procurement process that leaves small 
operators outside reproduces exclusion even with clean vehicles,(44)and a tariff design that raises 
fares to pay for electrification transfers the cost to the users the transition is meant to benefit.(32)

User experience evidence from the region shows that perceived travel quality, including 
tension during the trip, conditions whether a new fleet is experienced as an improvement.(59)

Equity is therefore treated not as a separate add-on but as an outcome that the design of 
the five enabling conditions determines in advance.

Several verifiable propositions follow. First, cities with stable mandates and independent 
financing instruments will electrify faster than cities with equally ambitious targets but fragmen-
ted budgets. Second, the welfare balance of electrification improves as charging rates and depot 
design lower supply costs.(31,41)

Third, manufacturer-led procurement and fleet leasing will concentrate in cities where ope-
rators are small and undercapitalized.(34,44)

Fourth, measured air quality and health co-benefits will remain rare until corridor-level mo-
nitoring is embedded in electrification contracts.(11,55)

Each proposition can be tested against the next wave of Latin American deployments, inclu-
ding the Brazilian and Ecuadorian cases already emerging in the literature.(14,57)

A fifth proposition follows from the equity gap: the distribution of benefits will remain un-
measured until affordability, access and corridor-level exposure are written into the monitoring of 
electrified systems, because none of the current instruments requires them.
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Read as a sequence, the framework is operational rather than descriptive. Each component 
can be read as a checkpoint, the existence of a mandate, the presence of a financing instrument 
that lowers the capital cost, the availability of depot charging and grid capacity, the allocation of 
risk in the concession contract, and the plan for scheduling and depot retrofit.

A city that fails a checkpoint is unlikely to realize the outcomes the final component promi-
ses, regardless of how many vehicles it acquires. Reading the framework as a checklist in this way 
makes it useful for policy design ex ante and for evaluation ex post, and it exposes the point at which 
most deployments stall, which is typically between the financing and the charging checkpoints.

The practical implication is that policy should be sequenced rather than bundled. Mandates 
and targets establish the signal,(12,13)financing instruments close the capital gap,(5,24)charging 
and grid planning remove the physical bottleneck,(39,40)and procurement design distributes the 
residual risk.(32,46)

Sequencing in this order avoids the situation, common in the region, in which vehicles are 
acquired before the depot, the tariff or the contract that will sustain them is ready. Translated into 
guidance, the lessons from the two cities are specific. Begin with the target and the financing 
instrument together, because a target without money produces declarations and money without 
a target produces pilots that do not scale.(12,24)

Size the depot and the grid before ordering vehicles, using measured rather than nominal 
consumption.(35,36)Write the charging and grid requirements into the concession, so that the 
operator and the utility share the risk instead of leaving it to the public budget.(32,40)

Commit at the outset to measuring exposure and access on the electrified corridors, so that 
the health and equity case can be made with evidence rather than promise.(11,55)

Each of these steps corresponds to one component of the framework, and none of them de-
pends on the others being perfect. Partial progress across all six components is more robust than 
perfection in one, a conclusion that follows directly from the layered structure of the framework.

The literature concentrates on successful or advanced cases, so publication bias toward 
Santiago, Bogotá and Brazilian cities may overstate the typical trajectory; comparative work on 
cities that stalled would correct this. Finally, the outcome evidence rests on modeled rather than 
measured health and equity effects, and the proposition that monitoring should be contractual 
responds directly to that gap.

The search window and terms favored English-language journals indexed in the sources 
consulted, so institutional reports and local evaluations in Spanish and Portuguese may be unde-
rrepresented, and the synthesis reflects a single reviewer’s organization of the argument matrix 
rather than an independent double reading. Repeating the matrix construction with a second 
reviewer and adding institutional documents would test the robustness of the six components.

CONCLUSIONS

The review integrates the conditions of bus fleet electrification in Latin America into a fra-
mework of five enabling components, policy anchors, financing, technology and charging, procu-
rement and operations, which jointly determine the environmental, health and equity outcomes of 
the transition. Santiago and Bogotá anchor the framework from complementary angles: Santiago 
contributes the operational and energy baseline that makes planning credible, while Bogotá con-
tributes the scale and the exposure evidence that make the transition visible. The central lesson 
is that electrification advances where mandates, money, charging capacity and contract design 
move together, and stalls where any one of them is missing.

The framework yields an agenda for both policy and research. Policymakers in other Latin 
American cities can use the six components as a sequencing checklist, addressing financing and 
charging before vehicles are procured and embedding air quality monitoring in electrification con-
tracts so that health and equity gains become measurable rather than assumed. Researchers can 
test the framework’s propositions against the next deployments in Brazil, Ecuador and intermediate 
cities, correcting the bias toward celebrated cases and supplying the ex post outcome evidence 
that the region still lacks. Until that evidence exists, the transferable lessons from Santiago and 
Bogotá remain conditional, which is precisely what the framework is designed to make explicit.
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