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I. Context
Decarbonizing road transport is essential to building a global low-carbon future, but the
challenges and opportunities for developed and developing economies are different.
Globally, the transport sector contributes almost one-fourth of total carbon dioxide emissions (CO2).
The road transport sector is responsible for more than 77 percent of transport-related CO2 emissions
globally, with light-duty road vehicles (LDVs)—encompassing passenger cars, SUVs, and pickup
trucks—accounting for as much as 40 percent (ICCT 2020). Without changes to current transport
policies, global CO2 emissions from road transport are expected to increase by 87 percent between
2020 and 2050 (ICCT 2019). Therefore, decarbonizing road transport is one of the most critical
challenges of the coming decade.
Concurrently, roads and the vehicles that use them are essential for the movement of people, goods,
and services, contributing substantially to economic activity, shared prosperity, and social
integration. Road transport provides convenience and flexibility as part of modern, functional, and
resilient multimodal networks. Addressing the decarbonization of transport, therefore, needs to
respect the critical role that road transport plays in sustainable development. The development
objectives that encompass sustainable mobility go well beyond mitigation and adaptation to climate
change, including expanding access to economic opportunities and enhancing road safety,
strengthening community resilience, and improving air quality, among others. Several U.N.
Sustainable Development Goals (SDGs) directly touch on mobility issues, including providing
universal access to safe, affordable, accessible, and sustainable transport systems (SDG 11.2) and
reducing global deaths and injuries from traffic accidents (SDG 3.6).

a. Motorization and carbon emissions
Due to high levels of motor vehicle ownership and use, the transport sector’s carbon footprint per
capita in high-income countries (HICs) is an order of magnitude higher than in low- and middleincome countries (LMICs). However, over the past two decades, HICs have started taking important
steps to slow the growth of greenhouse gas (GHG) emissions from road transport, primarily by
improving the performance of vehicles and fuel technologies.1 These efforts have resulted in a
relative stabilization of transport emissions in HICs, including members of the Organization for
Economic Co-operation and Development (OECD), despite continued growth in GDP and vehicle
kilometers traveled (Figure 1).

The other elements of a comprehensive strategy for decarbonizing transport (known as the Avoid-ShiftImprove-Resilient framework) include avoiding unnecessary motorized travel, shifting travel to cleaner and
more sustainable modes, and making the entire transport system more resilient to risks. This note will focus
primarily on the improvement aspect of motor vehicles and fuels.
1
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Figure 1. Growth in transport greenhouse gas emissions 2000-2018
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Source: Authors’ calculation based on data from ClimateWatch 2021.

In contrast, the transport sector in LMICs currently has a much lower emissions footprint in absolute
terms and on a per capita basis than HICs, but this footprint is rapidly growing. Since 2000, GHG
emissions from transport in LMICs has more than doubled, in stark contrast with trends observed in
HICs (Figure 1). One of the key contributing factors to this growth in transport sector GHG emissions
in LMICs is rapid and continuous motorization. Motor vehicle ownership and use in LMICs have
increased significantly over the past 30 years, sustained by growing populations, incomes, and
urbanization. These contributing factors are expected to continue over the next several decades,
suggesting that demand for motor vehicles (especially cars, motorcycles, and trucks) will continue to
grow in LMICs (Figure 2). Therefore, managing this motorization in LMICs is critical for ensuring
climate and development goals.
Figure 2. Actual and projected growth in total vehicles (billions) in LMICs and high-income
developed (OECD) countries, 2000-2050

Source: UNEP 2020.
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In HICs, one of the most anticipated avenues for continued decarbonization of transport is the
electrification of road vehicles and, potentially, the infrastructure on which they operate.
Electrification has substantial potential; it would eliminate GHG emissions at the tailpipe and, when
accompanied by the decarbonization of the energy sector, substantially reduce lifecycle GHG
emissions. 2
However, even under the most optimistic scenarios for the electrification of new vehicles, it is likely
that more than two billion new fossil fuel-powered internal combustion engine vehicles (ICEVs) will
be sold over the next 30 years (ICCT 2020). While it is possible to envision a number of plausible
scenarios regarding how the distribution of electric vehicles (EVs) and ICEVs will evolve over the
next several decades, the mere fact that ICEVs will continue to play such a large part in motorization
has substantial implications for decarbonization of the sector overall.
Even as HICs are poised to adopt a less fossil fuel-intensive fleet in the coming years,3 the obsolete,
less safe, and more polluting vehicles that are displaced may make their way to LMICs to meet their
increasing demand for motorization. Populating LMIC vehicle stocks with “poor-quality” or substandard used vehicles would compromise air quality and road safety in LMIC as well as
substantially increase the carbon footprint of these countries as they continue to motorize. From this
perspective, while OECD countries are making gains in flattening their CO2 curve, part of the
problem is being exported to LMICs, undercutting global emissions reduction progress.

b. The global trade of used vehicles
To meet growing demand for affordable motorized transport, LMICs rely heavily on importing used
(or second-hand) vehicles. The United Nations Environmental Program (UNEP) estimates that from
2015-2018, 11 million used vehicles were exported to LMICs, mostly from the Europe Union, Japan
and the United States (2020) (Image 1).4 The global trade in used vehicles is primarily LDVs, but
there is also a growing trade in used heavy-duty vehicles (HDVs), including trucks and buses.
For many LMICs, used vehicle imports make up the majority of the vehicle stock and are an
important part of their economy. A World Bank analysis found that over half of LMICs relied on used
vehicles for most imports in 2018, with over 50 countries at 75 percent or higher used vehicle import
share (WB forthcoming, a) (Image 2). Further, high demand for affordable personal mobility has
fueled explosive growth in new 2 and 3-wheeled vehicles in some LMICs as well. The global trade in
used motor vehicles is expected to grow as motorization and its contributing factors rise in LMICs.
Most LMICs expect to double their vehicle fleets in the next 15-20 years, and based on trends, most
of those vehicles will likely be used ICEVs.

The potentials and challenges of fleet and roadway electrification will be discussed in another paper in this
TDI series.
3
At least 14 high-income countries have announced the end of sales of new vehicles powered by fossil fuels or
ICEVs in the next 20-30 years as a climate strategy and fleet renewal policy.
4
In the future, China and India will likely start exporting a high number of used vehicles as well.
2
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Image 1. Cars lined up for export at a port

Source: Wikimedia Commons.

Image 2 Congested street scene in Lagos, Nigeria. Nigeria imports the most used vehicles in Africa
and third-most worldwide.

Source: satanoid via Flickr (CC BY 2.0).
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Importing used vehicles, when properly managed, can bring substantial developmental benefits to
LMICs. Imported used vehicles can: (i) provide more affordable options for personal mobility,
opening up access to opportunities and supporting economic growth and (ii) help support fleet
turnover to meet environmental, climate, and road safety objectives. These dual benefits may result
because imported vehicles can be safer and less polluting than those currently being used in the
country and, when coming from markets with well-developed safety and emissions standards, often
have superior performance characteristics and are cheaper to maintain than first-use vehicles built
for poorly regulated markets.
Nevertheless, many vehicles imported by LMICs currently have outdated safety and emissions
technologies, which can be exacerbated by poor maintenance and wear-and-tear, removal of safety
and emissions technology, unregulated structural modifications, and unchecked operation once in
use (WB forthcoming, b). According to UNEP (2020), only 28 LMICs place emissions requirements
on imported vehicles, while 100 LMICs—home to roughly 100 million vehicles—have no emission or
safety standards whatsoever. Furthermore, even where import standards exist, many of the imported
vehicles are not maintained for their entire lifecycle and few LMICs have processes in place to
account for vehicle emissions or safety performance once it has entered the country. The
environmental and safety externalities of unmanaged motorization are detailed in Annex 1.

c. The challenges and opportunities
As motorization in LMICs increases, addressing the trade and quality of used vehicles and managing
motorization throughout the vehicle lifecycle are critical for decarbonizing the road transport sector
and achieving other sustainable development goals. Managing the impacts of used vehicles is
critical not only to reduce global GHG emissions but also to avoid widening the “green divide” in
terms of air pollution and road safety outcomes between HICs and LMICs (Figure 3). If these
impacts can be successfully managed, then the global trade in “good quality” used vehicles can be
an important component in promoting sustainable transport and can also benefit the wider economy
through industry and technological transition, job creation, and lowering vehicle operating and
maintenance costs.
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Figure 3. Impacts of increased motorization in LMICs vs. HICs and the “Green Divide”

Sources and figure note: Author’s analysis based on data from WHO 2018; ICCT 2019; and ClimateWatch
2021. The WHO (2018) estimates that LMICs account for 93 percent of traffic-related fatalities. The ICCT
(2019) estimates that air pollution from road transport causes about 100,000 more deaths in LMICs than
developed countries. These air pollution and road safety challenges come at a substantial cost to development
(see Annex 1).

As the amount of CO2 in the Earth’s atmosphere approaches unprecedented levels, there is a global
urgency to invest in decarbonization across all countries and economic sectors. Meeting the Paris
Climate Agreement’s objective of limiting global warming to 1.5 degrees Celsius will require
coordinated and collective action on many levels. This report focuses on how to use motorization
management practices and collective trade agreements on used cars to help change the increasing
trajectory of GHG emissions from vehicles in the road transport sector. Section II describes the
importance of motorization management for LMICs to achieve greener, more inclusive, safer, and
more efficient personal mobility that is consistent with global climate goals. Section III closes with
immediate next steps that HICs and other stakeholders can take now to support strengthen
international used vehicle trade frameworks and support LMICs in implementation of motorization
management measures.

7

DRAFT Discussion Paper – June 2021

II. Motorization Management: A Critical
Agenda for Developing Countries
Motorization management (MM) is a suite of measures to manage motor vehicle flows
and stocks at all phases of their lifecycle with the goal of supporting access and
economic growth while reducing GHG emissions, improving air quality, and enhancing
traffic safety.
Given the likely continuation of ICEV use in LMICs for decades to come, there is a need for
proactive investments and policies to influence the fuel intensity profile, intensity of use, and duration
of use of motor vehicles. Motorization management (MM) is the process of developing and improving
institutional, analytical, and policy-making capacity for countries to control the trade dynamics and
full regulatory lifecycle of vehicles. This includes, but it is not limited to: (i) what vehicles are allowed
or encouraged to come into the country; (ii) how those vehicles are operated and maintained
throughout their in-use life in the country; and (iii) when vehicles are considered to have reached
end-of-life status and what happens to them when they do. MM offers a suite of measures to support
the alignment between the increasing demand for mobility via motorization and key development
objectives of low-carbon mobility, air quality and safety. MM calls for comprehensive motor vehicle
policies and establishing pricing and market mechanisms that consider externalities such as
emissions and safety risks (Box 1).
MM is most effective what complementary sustainable transport initiatives are put in place to ease
the pressure to motorize, such as prioritizing public transport, non-motorized transport, and compact
urban development.
Box 1. Market mechanisms to support motorization management
Experience worldwide suggests that the most effective MM programs include a combination of
regulatory and market-based approaches. Regulatory approaches entail establishing minimum
thresholds that every vehicle coming into the national vehicle stock must meet. Regulatory thresholds
are generally appropriate to ensure adherence to minimal health and safety requirements and might
specify minimal features every vehicle must meet to be registered for the first time. Market-based
approaches are generally appropriate to steer the fleet as a whole toward certain levels of
performance, such as fleetwide fuel intensity, crashworthiness targets, or adoption of new
technologies. Market-based mechanisms include fiscal incentives such as reduced import tariffs or
registration fees for purchasing low-fuel-intensity or electric vehicles. Another common approach is the
use of feebates, whereby import duties for each vehicle are adjusted around a parameter of interest,
such as grams of CO2 emitted per vehicle kilometer. Vehicles performing better than the “equilibrium
point” would receive a “rebate” on their import duties, while vehicles performing worse would have to
pay a “fee”.
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MM includes five core mechanism or reinforcing actions:
 Establish goals that align decarbonization with other critical development objectives.
 Gather and assess data to continuously monitor, retrofit, adapt and improve MM policies,
institutions, and governance.
 Adopt vehicle and fuel standards to guarantee minimum quality of the active fleet.
 Strengthen systems and programs of motor vehicle management across all phases of
their lifecycle.
 Create market mechanism that are complementary to the MM goals and policies.
In this note, we elaborate on the actions involved in strengthening governance and institutions given
their particular relevance for coordinated action and investment among HICs and LMICs. For
additional details on establishing goals and gathering data, we refer the reader to the forthcoming
WB publication, Motorization Management for Development.

d. Establish goals
Goals for MM measures should encompass:
 Supporting affordable access and sustainable economic growth.
 Improving air quality by reducing emissions of ozone-forming pollutants and particulate
matter.
 Decreasing CO2 emissions by reducing fuel intensity or establishing emissions caps under
a regulatory or emissions trading regime.
 Reducing traffic incidents and fatalities by requiring vehicle safety standards.
These goals involve both synergies and tradeoffs. For example, keeping vehicles well maintained
through their life addresses all objectives; while encouraging lighter, more fuel-efficient vehicles
(including 2- and 3-wheelers) could have unintended consequences on vehicle safety. Higher
standards for fuel efficiency may also imply higher costs, which can affect the affordability of vehicles
and the access to opportunities they provide. Countries need to manage these tradeoffs through a
policy making process that ideally seeks to build consensus among stakeholders.

e. Gather and assess data
Availability and openness of data are critical for establishing and maintaining MM measures. Data
serve three key functions:
 Enable continuous and forward-looking evaluation of trends and policies that facilitate policy
development.
 Allow adequate communication with the public both about the scope and complexity of
problems to be addressed and effectiveness of the solutions.
 Improve decision-making for the public sector and regulators when adopting policies and for
individual consumers when buying or leasing vehicles.
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The kinds of data needed to design, monitor, and improve MM measures include:
 Vehicle and vehicle parts importation, particularly identifying make, model, trim, model year,
country of first registration, country of provenance, and odometer reading at time of
importation;
 Vehicle registration data (or equivalent), including the vehicle’s authorized use;
 Vehicle periodic technical inspection (PTI) data, including inspection outcomes, odometer
readings, etc.; and
 Vehicle kilometers of travel (VKT) estimations by vehicle type, derived from annual traffic
counts.
The above information should be made available in an anonymized fashion consistent with data
privacy laws, but, as much as possible, disaggregated to enable the most robust policy analysis
possible.

f. Adopt vehicle and fuel standards
A key element of MM is developing and pursuing a policy process to adopt performance targets for
vehicles—such as minimum safety requirements, pollutant emissions, or average fleet CO2
emissions intensity—as well as the regulatory and market mechanisms to attain them. Safety and
pollutant emissions, for example, might be attained through regulation, whereby each vehicle is
expected to meet a minimum threshold of performance. In practice, implementing pollution emission
standards can result in improvements in safety and fuel economy as well (Box 2). Because pollution
control technology on ICEVs is dependent on fuel specifications, vehicle and fuel standards need to
be established in an integrated way. Fuel standards set numerous properties, including the
maximum content of sulfur, lead, manganese, and other metal additives, or, for example, forbidding
lead and manganese in gasoline. These standards reduce the emissions of local air pollutants and
enable advanced emission control equipment such as catalytic converters to operate properly.
Vehicles and fuel standards can be adopted as part of vehicle import requirements as well as
domestic sale and production requirements. Fleetwide average performance targets like average
fleet CO2 emissions intensity might better be met through establishment of market incentives (see
Box 1). Such incentives might target key characteristics of vehicles that influence their fuel intensity,
including size and weight, powertrain technology (e.g., hybrid and/or electric), transmission
technology, aerodynamic design or fittings, and underlying vehicle engineering to optimize efficiency
over power (especially for LDVs).
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Box 2. How Euro 4 emission standards can result in improved safety and fuel economy
The Euro 4 emission standards enacted in the E.U.
in 2005 represent a good balance of technology
improvement and affordability for used vehicles in
many LMICs. The Euro standards were oriented to
reducing emissions of pollutants that degrade air
quality. 5 However, because automakers were also
responding to policy pressures to reduce average
fleet CO2 emissions intensity at the same time they
were developing vehicles to comply with the
standard, Euro 4 vehicles on average are also less
fuel intensive, and therefore emit less CO2 emissions
than uncontrolled vehicles (pre-Euro) or those built to
earlier Euro standards (E.U. 2019). A vehicle
requirement for Euro 4 can potentially reduce
average CO2 emissions per km by 5 to 16 percent
depending on the technology of the vehicle it
replaces and other aspects of MM that affect vehicle
performance and maintenance (Figure 4).

Figure 4. Euro emission standards and CO2
emissions reduction

The adoption of Euro 4 standards in many LMICs can address both decarbonization and safety goals.
Euro 4 vehicles are equipped with modern safety equipment such as air bags, antilock brakes, and
seat belt anchorages. The adoption of vehicles and fuel standards, even if technically feasible and
affordable, also demands political will. Around 67 LMICs in Africa still have fuel sulfur content above 50
ppm, the threshold required to enable use of the equivalent Euro 4 standards. Sub-Saharan Africa has
the highest proportion of countries with very high fuel sulfur levels and is a region where the importation
of fuels is expected to grow significantly with motorization. 6 It is estimated that the fuel available in over
half the countries in Africa would not meet the requirements for Euro 2 standard mandated for pollution
control in Europe some 25 years ago (ICCT 2019).

Euro 4 (for LDVs) and Euro IV (for HDVs) standards specifically address ozone and particulate matter
pollution, and negative consequences of these through regulation of HC, NOx, CO and PM emissions, with
emission limits 90 percent lower than uncontrolled vehicles.
6
The limiting factor for adopting low sulfur fuel standards in LMICs such as those in Sub-Saharan Africa is
neither supply nor cost of such fuels. Most high-sulfur fuels come from imports originating in regions where
modern refinery and desulfurization technology is available, and where the cost differential of low-sulfur
compared to high-sulfur fuels is within the noise of day-to-day price volatility. Rather, the low-quality of fuels
used in sub-Saharan Africa stems largely from the regulatory standards and business practices in place. Fuels
are blended at oil terminals following instructions from oil traders in a form of global “regulatory arbitrage” and
are tailored towards the fuel standards of the destination country. For a more detailed explanation, see
Guéniat, Harjono, Missbach and Viredaz (2016) and Netherlands Human Environment and Transport
Inspectorate (2018).
5
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g. Strengthen systems and programs
Achieving the goals of MM depends on having strong legal frameworks and institutions that can
effectively manage all stages of the vehicle lifecycle (Figure 5). Each of the systems and programs
of MM will be associated with capital investments and operational expenditures that will need to be
mobilized and structured in a financially sustainable way.
Figure 5. The systems or “nuts and bolts” of motorization management

Engagement throughout the lifecycle of vehicles
1. A motor vehicle information management system (MVIMS) is a standardized, digital platform
that integrates databases for vehicle registration, licensing, inspection, and enforcement. It
constitutes a basic but highly impacting measure to improve a country’s motor vehicle stock.
MVIMS requires trained staff, public engagement, and outreach. In the absence of a wellfunctioning MVIMS, the other institutional and governance programs are either not possible to
implement, or substantially more expensive and complex. Setting-up a well-functioning MVIMS
calls for up-front investments that can include goods and consultancy services, including
hardware acquisition and installation, system architecture and development, regional or zonal
office installation, data management systems, help desks and various public-facing installations,
network connectivity investments at various levels, system redundancy and cybersecurity
installations, training, and various other services. Depending on the baseline and scope,
investment might range from a few million dollars in a country that already has a relatively well
established MVIMS, to as much as US$100 million initial investment in a country beginning from
scratch.

Vehicle entry
2. First-use certification (homologation) of vehicles for addition to the national vehicle stock can
refer to either import or production certification, depending on how the vehicle enters. In most
LMICs, newly added vehicles are predominantly imported rather than produced or assembled
locally; import certification is therefore a critical process of MM to protect the integrity of the
stock. In cases where importation is the primary means of motor vehicle addition, facilities for
first-use certification generally need to be located at or near the principal port(s) of entry for
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arriving vehicles. The size of the facility depends on three key factors: (i) the number of vehicles
imported monthly; (ii) the extent to which two-stage certification is used, whereby vehicles are
initially inspected at the point of export; and/or (iii) whether the exporting country has established
thresholds for vehicle export consistent with the importing country’s thresholds for import. The
more responsibility the exporting countries take on to ensure that their exports meet basic
international standards and the standards of the recipient country, the less burdensome is the
process of inspection at the import side. Many countries contract out certification services to
private sector operators, meaning that there is a range of conventional and public-private
partnership models by which these services could be provided. Certification requires more
inspection time per vehicle than a periodic technical inspection program (see below) and needs
to be carried out by more experienced and trained inspectors than required for a PTI program.
For example, inspecting 40,000 vehicles per year, assuming an 85% LDV/15% HDV split, might
require an upfront investment ranging from US$1.5-4 million not including land and construction
costs.
3. Quality assurance of vehicle parts combats the surge of substandard vehicle parts that are
common in LMICs and that jeopardize safety and emissions if used in place of parts supplied by
Original Equipment Manufacturers (OEMs) or other reputable aftermarket suppliers. Because
substandard parts may compromise on quality of input materials or production standards, they
may play a role in traffic crashes, emission control failure, and overall vehicle degradation. In the
near term, investment requirements to improve auto parts quality assurance would likely consist
of establishment and strengthening of institutions whose role is to promulgate and ensure
compliance with (ideally internationally harmonized) standards. In the medium term, however,
expanded use of 5G-enabled Internet of Things might open the possibility of using RFID-chipenabled replacement parts in an enforcement regime. While the private sector might be required
to provide the RFID chips (either bearing the costs themselves or passing them onto the end
user), and OEMs are already embedding the technology to read those chips in their products,
there may be a role for public sector investment in relatively inexpensive retrofitting of vehicles
with transponders or transceivers to ensure that even older vehicles could participate. For
example, retrofitting a fleet of 10,000 buses and minivans might cost on the order of US$3-5
million.
4. Quality assurance of vehicle construction ensures adherence to safety-based regulatory
standards pertaining to vehicle body structure and modifications. This is a problem in LMICs
particularly for buses and goods transport vehicles. Structural changes and modifications can
compromise the technical performance of the vehicle, both in terms of crashworthiness and fuel
economy performance. Without quality assurance via inspections and accurate record keeping,
the incentive for vehicle fleet managers to modify vehicles to either increase occupancy or load
carrying capacity in LMICs is substantial. The investment needs for this aspect of improved
governance are likely modest, focused on technical assistance, training, and institution-building
to encourage more widespread understanding and adoption of ISO standards. However, the
needs are such that long-term engagement by international development partners is probably
the best means to ensure eventual success.
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Box 3. Entry certifications manage vehicle safety and fuel efficiency in New Zealand
New Zealand does not have a domestic automobile manufacturing industry and manages both vehicle
safety and fuel efficiency through import standards. Key features of New Zealand's vehicle entry
certification system include:






Extensive reference to other countries' vehicle standards in its own legal codes.
Document inspection and physical inspection to determine the condition of the vehicle.
Mandatory vehicle efficiency labeling for both new and used imported vehicles.
Repairs carried out and certified by third parties.
Pre-export inspections of cars brokered through public auction in Japan.
Image 3. Inspection facility for newly arriving used vehicles in Wellington, NZ

Source: © Vehicle Testing New Zealand Ltd. Image reproduced with permission; further permission required
for reuse.

Active use
5. Periodic technical inspection (PTI) is a set of requirements designed to ensure that in-use
vehicles are properly maintained and kept in good working order by vehicle owners or
leaseholders. PTI requires vehicle owners to bring their vehicles to an authorized center for
inspection. Vehicles which do not pass threshold tests are required to be repaired or the owner
faces additional sanctions. The main goal of a PTI program is to identify the dirtiest and most
hazardous vehicles, the ones that represent the greatest threat to public health, and to either
repair them or remove them from circulation. Inspections can focus on emissions,
roadworthiness, and these are sometimes assigned to separate entities. Inspections can be
concessioned or licensed to state-owned enterprises or private operators under a range of
different conventional or PPP models, but some public authorities operate the inspection centers
directly. Investment needs for PTI systems can vary widely depending on the size of the in-use
vehicle stock by each type (e.g., HDV, LDV, motorcycles), the frequency and types of

14

DRAFT Discussion Paper – June 2021
inspections required, and local construction and land costs. For example, a typical PTI center
with capacity for 50,000 vehicles, assuming an LDV / HDV split of 75 / 25% might require an
upfront investment of US$1.3-$4 million, excluding land and construction costs, and might
(directly) generate 1,800 person-hours of employment per year.
Box 4. Periodic technical inspections and improvements in traffic safety in Costa Rica
To ensure that vehicles continued to meet safety and emission standards, in 2003, Costa Rica
introduced Periodic Technical Inspections for all vehicles. Key features include:
 A centralized system operated by a single private company with a network of 13 fixed
inspection centers located in Costa Rica’s main population centers.
 Four mobile inspection stations to cover non-metropolitan areas.
 Standardized procedures including visual inspection, wheel alignment tests, emissions tests,
noise tests, brake tests, headlamp beam and rear light tests, suspension tests, and slack
detection with undercarriage observation.
A study analyzing data from 2003-2015 showed several benefits of PTI including:
 1,520 fatalities avoided.
 120,411 crashes avoided.
 A gross economic benefit of $892 billion over 13 years (equal to a 4.5 cost-benefit ratio).
Source: Schulz and Scheler 2019.

6. On-road enforcement programs supplement PTI by ensuring vehicles remain roadworthy
between inspections. As a stand-alone program, PTI programs are too prone to fraud and
corruption to be an effective instrument; they need to be supplemented with on-road
enforcement or visual inspections by traffic police or other authorities. Such enforcement needs
strong, visible, and consistent parameters and protocols across jurisdictions, however, to be
effective and credible. Again, initial investment and recurring costs depend on factors such as
size of fleet and scope of ambition. A typical program including roadside enforcement, remote
sensing data collection, compliance analysis, reporting and administration may cost on the order
of US$1-2 per year per vehicle in the fleet. 7 On-road enforcement is typically funded by
governments through vehicle registration fees and/or fuel taxes.
7. Fuel quality assurance ensures that fuel is not being adulterated, for example, through the
deliberate dilution with less costly fuels. This quality assurance also checks for introduction of
impurities, including water, during the transport or storage of fuels. Both deliberate adulteration
and infiltration of impurities can substantially degrade vehicle performance, particularly where
use of sophisticated emissions control equipment is involved, for example with low-sulfur fuels.
The annual cost for a fuel quality assurance program (including fuel sampling, lab analysis,
compliance and reporting systems, and administration) can be less than US$1 per vehicle per
year depending on the size of the refueling network. The economic returns can be significantly
positive for a modest public investment, which in many countries is funded through fuel taxes.
Fuel surveys may also be funded by the private sector who have a vested interest in making
sure fuels are compliant.
8. A strong preventive maintenance and repair industry is necessary to ensure that as
automotive technology in-use in a country becomes more technologically sophisticated, so too
For example, based on published information, the State of California spends around US$14 million per year in
on-road enforcement programs such as sobriety checks and remote sensing vehicle emissions data collection.
7
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do the laborers who need to maintain it. In LMICs, bifurcation of provision of automotive repair
services, whereby large, professionalized services operated often by OEMs serves a small but
relatively wealthy clientele or commercial fleet operations while small-sized operations provide
services to the rest of the market is even more pronounced than in developed countries. Indeed,
it is often exacerbated by the high rates of informality among those small-sized operators.
Developing technical expertise in an environment of rapidly changing automotive sophistication
and technology—and getting information to consumers about who has that necessary
expertise—is therefore a critical need requiring a committed stream of investment from both
public and private sectors. An initial investment of US$3-5 million would likely be needed to
understand the nature and magnitude of the challenge and to design solutions for a mediumsized country.

Vehicle exit
9. End-of-life vehicle programs (ELVs) are needed to address how vehicles are replaced and
retired. Absence of an effective ELV management program could create a new set of
environmental and waste management challenges for countries. Managed ELV programs,
whereby the waste stream from vehicles is actively accounted for, could create opportunities for
economic or employment development that are not immediately recognized in an unmanaged
system. What presently accounts for scavenging of old vehicles for parts could transition to a
structured program of vehicle materials lifecycle management, from the vehicle development
phase, production and post-production phase until scrappage. Investment could accompany
efforts to professionalize motor vehicle dismantling services, and while seeking to enhance
access to credit. While maintaining the labor intensiveness of current practice in many LMICs is
important, there will still be a need for capital investment in the sector, primarily in the enhanced
use of shredders, post-shredder treatment, and training programs. For example, investment in a
mid-range car shredder might cost between US$5-10 million with a throughput of about 65,000
cars per year, substantially reducing land-fill volumes in the process. ELVs may also include
accelerated vehicle retirement schemes requiring compensation of vehicle owners in exchange
for scrapping eligible vehicles based on careful market analysis. Annex 2 is a summary of
selected experiences with vehicle scrappage programs.
Box 5. Korea’s end-of-life vehicle management
Korea has had particularly progressive policies with respect to ELV management for several decades.
The Korean Automobile Dismantlement and Recycling Association (KADRA) was created in 1989
through legislation, as a partnership among car-scrapping businesses and a non-profit corporation for
recycling car parts, the Korean Automobile Recycling Cooperative (KARCO). This was a particularly
forward-looking policy, since Korea's rate of motorization at the time was only about 81 cars per 1000
persons (World Bank calculations based on Senbil, Zhang and Fujiwara 2007).
KADRA's role has been to function as a think-tank and advocacy organization in the following areas:







Suggesting improvements to automobile regulations and policies.
Encouraging automobile resource recycling projects.
Strengthening the car scrappage and cancellation system.
Creating information data processing projects and system development.
Operating the nationally integrated management system for automobile used parts.
Function as an association for the car scrappage industry
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In 2008, Korea enacted a Resource Recycling of Electrical and Electronic Equipment, and Vehicles
Act. This Act established an Eco-Assurance System, which, among other things, oversees
environmentally sound management of waste, including achievement of a mandated recycling rate,
compliance with methods for recycling, obligation for collection by distributor, registration of ELV
recycling businesses, and professionalized management of processes. The recycling rate was
mandated at 95 percent by 2015. Responsibility for compliance with both guidance and ensuring the
attainment of recycling rates was place with all involved in the chain, including dismantlers, shredders,
ASR recyclers and refrigerant gas processors. In keeping with prior Korean and increased
international focus on Extended Producer Responsibility (EPR), to ensure adequate measures for
waste prevention at design, automobile manufacturers and importers also have responsibility for
compliance; if ELV recycling costs exceed the prices that can be recouped through market
mechanisms, the manufacturer / importer bears the additional cost. Over time, these costs would be
capitalized into the prices of the vehicles. In addition, manufacturers and importers then have a stake
in trying to develop and support downstream markets.

h. Create market mechanisms
Motorization management systems also need to be able to assess and implement complementary
market-based mechanisms (Box 1). A market-based approach to influence vehicle purchasing
behavior depends on the same analytic and institutional capacities as a regulation establishing an
emissions threshold or other elements of MM. In both cases, there needs to be capacity to examine
the vehicle’s paperwork and physical condition and make assessments, for example, if a particular
vehicle is permitted to be registered or what import duty or fees needs to be applied and collected.
Motorization management efforts in LMICs are perhaps most urgently needed in market-based
mechanisms to facilitate fleet turnover. Mechanisms to incentivize fleet turnover may require not only
getting the price incentives right, but also targeting finance opportunities where credit is scarce.
Institutional capacity in the form of “MM observatories” can facilitate the generation of such
schemes, which need to be crafted to target specific markets in terms of service provided (e.g., bus
services, intercity freight, last mile freight, taxis, etc.) and vehicle ownership models (e.g.,
commercial, private, public, or own account), and their economic and distributional impacts.
Fleet renewal mechanisms also need to be understood as a core objective of MM efforts. Any fleet
renewal program will have certain core elements—including a knowledge and advisory function (to
conceptualize the scheme and put together its working parts), an enabling framework, adequate
funding, a financing mechanism that is affordable, and mechanisms to distribute and manage risk.
These functions can be distributed across public and private actors, including national and subnational governments, state-owned enterprises, leasing companies, commercial asset holding
companies, commercial operators, own-account asset-holders and operators, independent certifiers,
and commercial and institutional lenders. If efforts to regionally harmonize motor vehicle and fuel
standards prove to be successful, then this may also enable regional groupings of governments to
pool resources and seek bond finance to facilitate such fleet renewal incentive programs, creating a
virtuous circle.
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III. Critical Roles for Exporting Countries,
HICs and International Stakeholders
Collective action is needed to strengthen the international framework for the trade of
used vehicles and address investment, knowledge, human, and institutional capacity
constraints that LMICs face in implementing Motorization Management (MM).
To date, MM has been underused in the arsenal of strategies to decarbonize transport in LMICs due
to gaps in knowledge, institutional capacity and/or resources. International stakeholders, exporting
countries, and HICs can support increased use of MM and end the trade of poor-quality used
vehicles through concerted action. Managing the impacts of ICEVs on climate change, air pollution,
and traffic safety requires both global and national actions aligned through MM. At the global level,
trade norms must be put in place to limit the introduction of sub-standard used vehicles and poorquality fuels into LMICs. At the national level, all countries need to manage the motor vehicle flows
and stock throughout their vehicle use life. The international community can support actions in
concert with LMICs to successfully implement MM, as pictured in Figure 6 and described below.
Figure 6. Key actions that HICs and other international stakeholders can take to support
motorization management in LMICs

a. Strengthen international used vehicles trade frameworks
To be fully effective, MM practices in LMICs need to be accompanied by deliberate efforts from
exporting countries and HICs to improve global governance of the international trade in second-hand
vehicles. Exporting countries must take on explicit responsibility to ensure that only roadworthy
vehicles are exported and that export control systems for both vehicles and fuels support the
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requirements adopted by importing LMICs. International frameworks for the used vehicle trade can
be strengthened in five key areas.

1. Set rules
The international community must agree on rules for acceptable export and import practices. For
example, vehicles that cannot be demonstrated to be roadworthy in the country of export should not
be allowed to be exported to any other country.
Ensuring that all vehicles being exported have a valid roadworthiness certificate, inspection
certificate from PTI, or an equivalent, would help to distinguish roadworthy vehicles from end-of-life
vehicles. Ensuring roadworthiness at the export stage would help distinguish cargo subject to the
jurisdiction of the Basel Convention 8 from genuine international trade in second-hand vehicles. It
would also help to balance oversight costs of international traded vehicles between the recipient and
the exporting country. Any international rules on the export of used vehicles should be negotiated
through international forums9 and tightened to include minimum emissions and safety standards.
Box 6. Why international collective action is needed: Example of the 1997 OECD Convention on
Combating Bribery of Foreign Public Officials in International Business Transactions
The U.S. Foreign Corrupt Practices Act (FCPA) of 1977 created obligations and penalties for U.S. firms
to discourage bribery in international business transactions. While well intentioned, it was also criticized
for impeding the competitiveness of U.S. firms by prohibiting a business tactic that their foreign
competitors could still employ. This concern led to international pressure on other countries to adopt
similar anti-bribery policies and ultimately to the adoption of the 1997 OECD Anti-Bribery Convention
(Perlman and Sykes 2018). The OECD’s authority to implement the Convention is limited to monitoring
participating countries who are responsible for enforcing their laws and regulations conforming to the
convention. The Convention is considered a success with 37 OECD countries and 7 non-OECD
countries having adopted it. This example is instructive of the many benefits to collective action over
countries acting individually on international imperatives like combating corruption or climate change.
Similarly, collective action among exporting countries can achieve greater effectiveness, fairness, and
enforcement on prohibiting the trade of unroadworthy and the most polluting vehicles.
Sources: Perlman and Sykes 2018; OECD 2019.

2. Share and manage data
Establishing data architecture and protocols to facilitate exchange of vehicle history information
among countries is critical. While the MVIMS systems in the U.S., E.U., and Japan contain
substantial amount of information about individual vehicle histories, this historical data usually does
not accompany the vehicle when it is exported to LMICs.
This data blindness harms buyers and regulators not only in the recipient countries but also in the
exporting countries. For example, an estimated 35 percent of end-of-life vehicles go missing in the
E.U. each year. Establishing appropriate data protocols as part of the process of used vehicle export
and import would help to minimize what appears to be missing ELVs.

Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and their Disposals.
The World Forum for Harmonization of Vehicle Regulations (WP29) is a worldwide regulatory forum within the
framework of the UNECE Inland Transport Committee; https://unece.org/wp29-introduction
8
9
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3. Enhance trade accountability
Strengthening trade accounting frameworks to enable tracking traded used goods, including vehicles
and vehicle parts, can help the international community better understand trade flows. One of the
implications of the fact that both ICEVs and EVs will continue to grow over the next several decades
is that country-by-country analysis of GHG impacts of the vehicle stock, while necessary for
understanding individual countries’ progress toward their own Paris Commitments, is not sufficient to
understand the global implications of the evolution of road transport GHG emissions. A global
accounting system is needed for the international trade in second-hand vehicles and the subsequent
vehicle use patterns in the countries of import. Currently, data on the used vehicle trade is
piecemeal: the U.N.’s trade database does not distinguish between new and used vehicles.
International organizations have tried to construct pictures of vehicle flows through private databases
and import and export data from individual countries, but these efforts are painstaking and time
consuming. Strengthening U.N. trade data to make trade in used vehicles observable in nonproprietary trade data is an important objective in strengthening the international framework.

4. Align standards
Regional frameworks and partnerships should harmonize vehicle and fuel standards. Vehicle
markets in most LMICs are not large enough to substantially influence international flows of vehicles.
For this reason, it is beneficial for regional trading blocs to adopt the same vehicle and fuel
standards. The international community should support these actions taken at the regional level as
well as public-private initiatives, such as the Partnership for Clean Fuels and Vehicles (PCFV). The
PCFV brings together 73 organizations representing HICs and LMICs, the fuel and vehicle
industries, civil society, and leading world experts on cleaner fuels and vehicles. The PCFV has led
successful campaigns to reduce the use of lead and sulfur in fuels and to improve vehicle
standards.10
Box 7. ECOWAS regional trade bloc introduces harmonized import vehicle and fuel standards
In February 2020, 15 West African countries cooperating in ECOWAS (Economic Commission of
West African States) adopted harmonized fuels and vehicle standards. This decision will have major
impacts on the import of used vehicles in West Africa, as currently most used vehicles being imported
do not meet these standards. This is the first harmonized used vehicles policy at regional level in
Africa and includes:
 As of January 1, 2021, all used light-duty vehicles must meet Euro 4 vehicles emission
standards.
 Each country will set an age standard with a maximum of 5 years old for light-duty vehicles
and 10 years old for heavy-duty vehicles, to be implemented within 10 years.
Similar initiatives are being considered in East and Southern Africa.
Source: UNEP 2020; Human Environment and Transport Inspectorate 2020.

For more information on the PCFV, visit their website at: https://www.unep.org/explore-topics/transport/whatwe-do/partnership-clean-fuels-and-vehicles
10
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5. Strengthen protocols for material recovery
Many governments of automobile producing countries have developed laws or mandates requiring
that vehicle producers recover materials from the vehicles they produce when they become ELVs, in
order to minimize the mass of material going into landfills, including the EU (2000/53/EC), Japan
(ELV recycling law of 2002), and South Korea (Resource Recycling Act of 2006). Some U.S. states
have enacted similar laws, though the U.S. Federal government currently has no requirement for
materials recovery from vehicles. Assessments of the success of these programs have shown
substantial gaps in compliance, including the above-mentioned finding that many vehicles that
should be identified as ELV are simply missing (Fergusson 2007). A key need in the establishment
of an international framework for trade in second-hand vehicles, therefore, is to clarify the protocols
and responsibilities that govern materials recovery to enhance the circular economy.

b. Supporting LMICs with technical assistance and investments
MM programs create both need and opportunities for expanded investments in transport
decarbonization in three areas: (i) the “nuts and bolts” of MM, (ii) social adjustments associated with
MM policies and market-mechanisms, and (iii) incentives for fleet turnover.
First, as suggested in the previous chapter, there is a need to invest in the basic elements or “nuts
and bolts” of motor vehicle management (Figure 5). Individual countries’ needs for investment in
institutional capacity across the various nuts and bolts programs discussed in the previous chapter
can vary greatly, from tens to hundreds of millions of dollars. Not all of those investments need to be
provided by the public sector; for example, well-designed programs for vehicle inspection and fuel
quality assurance, as well as others, can utilize and channel private sector investment. One key
investment aspect that should not be neglected to assure success is in the management of program
itself, including policy development, public communications, and change management. With
relatively small investments, MM can have a game-changing impact on the decarbonization of road
transport and can simultaneously improve road safety, air quality and innovative vehicle technology
adoption in LMICs (see Table 1). Therefore, MM should be considered as a high and immediate
development priority for LMICs.
A second important element of investment is to help with social adjustments that may be associated
with MM policy and pricing (especially fiscal pricing) that may be required to ensure alignment with
decarbonization and potentially other goals. This means that tax and subsidy policies related to
vehicle and fuel importation and use should incentivize outcomes consistent with MM objectives,
whether they be for decarbonization, air quality improvement, or reduction in fatalities from road
crashes. Challenging the inertia to align such policies might involve removing subsidies or increasing
taxes for specific groups who will be (or may perceive themselves to be) worse off because of this
realignment. Conceptually, then, resources mobilized to fund decarbonization investments should be
allowed as much as practically possible to help compensate groups that might otherwise oppose
changes that align incentives with decarbonization objectives.
Finally, a third element of decarbonization investments associated with MM programs relate to
measures to incentivize fleet turnover (e.g., to reduce the fuel intensity of vehicles being used) or
otherwise buy-down residual value of assets affected by policies that may limit their use for climate
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or reasons. It is important to note that, without implementation of a MM program, such measures
may not be realistic or practicable in many countries, but once key elements of a motorization
management program are in place, then scale-up of such measures, like accelerated early
retirement incentive programs, becomes much more realistic.

Table 1. Elements and Estimated Costs of a Motorization Management Investment Program
Typical elements of a motorization
management
1. Motor vehicle information
management system (MVIMS)
2. First-use certification
(homologation)
3. Quality assurance of vehicle parts
4. Quality assurance of vehicle body
construction and modifications

5. Periodic technical inspection (PTI)
6. On-road enforcement programs
7. Fuel quality assurance
8. Strengthening preventive
maintenance and repair industry
9. End-of-life vehicle programs
10. Vehicle retirement or scrappage
programs
11. Technical support for policy
development and change
management

Order-of-magnitude cost estimates (U.S. dollars)
$20-100 million depending on fleet size and complexity of
system
$3-5 million per 100,000 vehicles, plus land and construction
costs
$3-5 million for retrofitting 10,000 vehicles
$3-5 million for technical assistance, training, and standards
adoption
$5-10 million initial investment per 100,000 vehicles plus
land, construction, and operating costs
$1-2 per vehicle per year for roadside enforcement, remote
sensing data collection, compliance analysis, reporting and
administration
$1 per vehicle per year for fuel sampling, lab analysis,
compliance and reporting systems, and administration
$3-5 million initial investment to design solutions for a typical
country
$10-20 million for shredding 100,000 vehicles, plus land and
construction costs
Compensation for vehicle owners should be based on
detailed local market studies, but are in the range of $2404,500 per LDV and $830-28,000 per HDV
$5-10 million depending on fleet size and other
characteristics

International institutions can support LMICs in establishing and strengthening MM policies and
institutions through financial resources and technical assistance for actions as described below.

1. Conduct diagnostic studies
One of the first steps in adopting a motorization management approach is conducting a diagnostic
study for individual countries or regional blocs. The diagnostic study should use the best available
data to understand:
 The existing motor vehicle stock (both in terms of composition and vehicle use).
 Recent trends in how the vehicle stock has been growing.
 Inventory policies and other factors that influence that growth.
 A forecast of how the stock is expected to grow under a business-as-usual scenario.
 Assessments of vehicle inspection systems (AVIS) including PTI and vehicle certification.11

The World Bank and partners including CITA have completed or are undertaking AVIS in Armenia,
Bangladesh, Cameroon, Ecuador, Nigeria, and Togo.
11

22

DRAFT Discussion Paper – June 2021
The diagnostic study should also systematically assess the existing institutional framework and
capacity for managing the various aspects of motorization discussed in this report, as well as the
structure of different parts of the automotive industry, from vehicle acquisition to aftermarket and
end-of-life practices in the country. Multilateral development banks and other assistance agencies
should seek to support such studies as part of sectoral diagnostics or project pipeline work and use
the results to inform country engagement in the sector.

2. Establish motorization observatories
Regional observatories or platforms that conduct continuous data collection and fleet analysis would
help LMICs develop and maintain consistent MM. Both permanent and temporary observatories
have been used to help promote policy analysis and development in other aspects of road transport
for two decades, including road safety, urban transport, and transport corridors.
MM observatories could be established for groups of countries. They could be affiliated with one or
more universities and be funded in creative ways through both the public and private sectors.
International support can help advocate for the establishment of such observatories, define the kinds
of activities and benchmarks that such observatories would undertake and produce, and help define
and harmonize protocols for anonymizing and making available to the observatories data from
customs and vehicle registration country databases.

3. Support training and capacity development
The air quality and road safety challenges of sub-standard vehicles, combined with growing
international attention on improving controls of motor vehicles being imported into countries and their
in-use management is spurring many LMICs into taking actions for which they need to develop the
capacity to implement. For example, as detailed in Box 7, an agreement among ECOWAS countries
harmonized aspects of vehicle importation among the 15 countries, some of which have little
experience in the implementation of these types of restrictions. A structured program of capacity
development support could not only help diagnose and support implementation hurdles where
agreements already need to be put in place, but might also help incentivize other regions to make
similar agreements.

4. Develop policies and market mechanisms
Many regulatory and fiscal policies can be used to shape vehicle fleets via influencing the
importation of used vehicles and improving their maintenance and upkeep while in-use. Some
include:
 Vehicle import restrictions. At least 66 countries limit the age on imported vehicles. This
policy is popular because it is easy to enforce, but it is a blunt instrument and can limit the
supply of affordable vehicles. The approach does not consider emission standards of
vehicles, or other ways of mitigating the impact of age or ensuring performance through
regular inspection and maintenance. Setting limits on emission and safety standards is a
more direct starting point to ensure imported vehicles have an acceptable level
environmental and safety measures, coupled with inspection.
 Minimum emission and complementary fuel quality standards. This requires significant
investment in systems and a capacity for implementation. Many developed countries have
adopted air quality standards that, for example, do not allow fuels with high sulfur content to
be sold within their borders. As vehicles and fuels work as a system, reducing sulfur not only
reduces emissions directly, it also enables more advanced emissions control equipment to
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work properly. Production of low-sulfur fuels requires more sophisticated and expensive
refining processes than standard fuels, especially if the underlying feedstock is also high in
sulfur. There are many refineries around the world that have made the investments
necessary to produce low-sulfur fuels. Yet many other refineries have not, meaning that
there remains an active supply of high-sulfur products on the world market. Vehicles with
internal combustion engines are a key user of these fuels. With help from PCGV since 2012,
32 LMICs have enacted appropriate regulations to limit sulfur in motor vehicle fuels (UNEP
2021). However, the majority of LMICs have not, meaning the supply of high-sulfur and dirty
fuels gravitates toward these countries. As noted above, blending practices by downstream
petroleum product players, rather than inherent technological constraints, is a key driver for
the predominance of high-sulfur, dirty fuels in markets where fuel regulations and standards
are weak. This regulatory vacuum, in turn, contributes to a vicious circle in those countries,
whereby dirty vehicles without effective exhaust after-treatment technologies continue to be
used because the low-sulfur fuels needed to run clean vehicles is not available. As a result,
air quality deteriorates with significant impacts on human health and quality of life. By helping
LMICs establish appropriate fuel standards, the international community can help to rapidly
improve a key enabling condition for emissions reductions. 12
 Fiscal instruments or financial incentives. There are several instruments and incentives
to deploy, including differential customs and registration taxes based on vehicle age, engine
size, vehicle emission standards or technology (e.g., VAT exemptions for hybrid and/or
electric vehicles). Financial incentives, tax exemptions, or “feebate” programs (whereby
vehicles pay more or less for customs or other fees based on the vehicles performance
compared to a reference vehicle) have been used to improve the impact of used vehicle
imports on pollution, GHG and road safety outcomes. This allows the promotion of lowemission vehicles as an affordable way for LMICs to access advanced technologies. These
instruments may be offset or complemented by fuel taxes or carbon credits under certain
conditions.
Box 8. Tariff incentives in Mauritius

Before adopting a tariff incentive on hybrid-electric vehicles, Mauritius tried to maintain a
feebate system. In July 2011, Mauritius introduced a CO2 levy/rebate scheme but suspended
it in 2016 because of concerns with comparing its CO2 emissions to global benchmarks. As an
alternative, the country is now levying taxes according to the engine size: the bigger the
engine, the higher the tax.
Source: UNEP 2019.

 Accelerated vehicle retirement or “scrappage” programs (AVRPs). The notion of
“accelerated” vehicle retirement—essentially, paying people to stop using highly polluting or
fuel inefficient motor vehicles—has been around for a long time, and has been tried to
greater and lesser success in various countries, both high income and LMICs. In many
LMICs, however, lack of access to credit is a major reason that highly polluting or fuel
inefficient vehicles are used in the first place. Consequently, a policy of accelerated vehicle
retirement in LMICs not only needs to inject capital to incentivize fleet turnover, but it also
needs to help mitigate credit market failures and imperfections. In addition, whereas
accelerated vehicle retirement programs in LMICs in the past have targeted specific sub-sets
or fleets of vehicles (e.g., bus fleet replacement during public transport reform or
restructuring), to have an impact on CO2 emissions from road transport at the magnitude
For example, much of the high-sulfur road fuels in Sub-Saharan African countries is imported from countries
with modern refining and desulfurization technology, so improvement are possible in the short term if there is
collective action among countries as was the experience of East Africa in 2015 when 5 countries moved to 50
ppm sulfur fuels (Guéniat, Harjono, Missbach, and Viredaz 2016).

12
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required to achieve carbon neutrality as quickly as possible, use of AVRPs may need to be
substantially scaled up. Worldwide experience with AVRPs is highly varied, with subsidy
costs ranging from $240 to $4500 per vehicle for light duty vehicles, and from $830 to
$28,000 per vehicle for heavy-duty vehicles. An independent assessment of the Beijing
“Yellow Sticker” vehicle scrappage effort found a benefit to cost ratio of nearly 2.5 (Zhou, et
al. 2019). More information about experience with AVRPs is provided in Annex 2.

5. Fund and finance MM investments
Among the key questions going forward is how to fund and finance MM investments in LMICs. A
package of MM programs and related investment (described in Section II) could range from US$60
million to over US$160 million per country in the short-to-medium term.
Despite offering very positive economic returns, implementing MM measures often encounters
financial and fiscal barriers. Investments in MM will likely need to be supported from a variety of
public and private sources. Taxes on fuels and vehicles are a common source of public funding.
User fees applied to certain programs are also possible. Manufacturers and other industry partners
may also have an interest in providing support or financing for certain programs.
MM programs that improve the efficiency of vehicles or lower operating costs may also be able to
pay back part of their initial investments over time through savings in fuel consumption or other
related costs. In such cases, “energy efficiency revolving funds” can offer a scalable and effective
model for overcoming barriers experienced by end users in accessing commercial financing and
information on the most effective investments. Such revolving funds facilitate access to finance in
the near-term while paving the way for commercial financing in the medium to long term, particularly
in the public sector (Aditya 2018). Well-designed revolving funds can also enable fleet renewal and
market transitions, as can be seen in the example of the U.S. SmartWay Partnership (Box 9). World
Bank-supported projects—including the “GEF Guangdong Green Freight Demonstration Project” and
“GEF Efficient and Green Freight Transport Project for China”—have demonstrated the possibility of
revolving funds for loans and limited grants for the purchase of energy efficient technologies and/or
freight vehicles.
Box 9. U.S. SmartWay Transport Partnership

The U.S. Environmental Protection Agency’s (EPA) SmartWay Transport Partnership is an
example of a voluntary energy efficiency program that has helped reduce 60 million metric tons of
GHG emission since 2004 and saved U.S. trucking companies $41.8 billion in fuel costs. The
program includes a revolving fund and financing mechanisms for clean truck technologies, such
as low-cost and flexible loans to purchase certified “clean” vehicles or “upgrade kits” to reduce fuel
consumption. After piloting this program with several U.S. state governments, EPA is working to
expand the program through commercial lending institutions.
Sources: U.S. FHWA Project Profiles.

In addition, Official Development Assistance (ODA) could provide both policy-based and investment
lending support to LMICs in establishing MM programs. The latter could support two different kinds
of investments: programmatic and market-influencing. Programmatic investments are capital
expenditures that effectively create or strengthen the MM programs discussed in the previous
section of this report. A “Program for Results” is a type of loan instrument that disburses against
specific results or outcomes and may be well-suited to support an MM program (WB 2020).
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MM policies may also be supported with public resources to create fiscal incentives and/or favorable
credit terms to influence market decisions on when and what type of vehicle to purchase by
consumers. For example, governments can provide tax or tariff advantages to incentivize purchase
of advanced technology vehicles or vehicles of a particular weight class or aerodynamic design to
nudge the importation of vehicles toward safer or less fuel-intensive models or trims. Tax or tariff
incentives may be perceived by Ministries of Finance as revenue foregone. A more revenue neutral
way of achieving this kind of result is through the use of “feebates,” whereby an equilibrium point for
a policy outcome (like fuel economy or CO2 emissions per vehicle kilometer) is selected, and
vehicles which underperform the equilibrium point have to pay an additional fee, while those which
outperform the equilibrium point receive a rebate. The equilibrium point itself is continuously
adjusted and made more stringent as the fleet composition changes in response to the policy.
Similarly, accelerated vehicle retirement programs could be supported through revolving funds or
ODA. Such programs could be funded directly out of traditional development or concessional
assistance linked to green or carbon finance, or they might be funded indirectly, through coordinated
incentives for private funding at the national or regional level.
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Transport Decarbonization Investment (TDI) Series
The TDI Series is a partnership between the World Bank, the Government of the Netherlands and
the World Resources Institute (WRI) with the goal of sharing recommendations for overcoming
investment barriers to decarbonizing transport and spurring joint action by governments, companies,
civil society, international development and financial institutions. This discussion paper on
“Motorization Management and Used Vehicles” is the first in a series to be developed in the lead up
to COP26 in November 2021. Other proposed TDI series topics and forthcoming discussion papers
include: Greening Freight and Logistics; Electric Mobility and Charging Infrastructure; Decarbonizing
Cities with public transport, active mobility and improving land use policies; and Financing
Decarbonization of Transport.
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Annex 1: Environmental and Safety Impacts
of Motorization
CO2 emissions and climate change
Globally, the transport sector contributes approximately 20 percent of all energy-related CO2
emissions. In 2014, in HICs, 28 percent of total CO2 emissions came from the transport sector,
compared with LMICs, which had 15 percent of total CO2 emissions from the transport sector.13
Moreover, transport has been identified as the fastest growing source of global emissions14, which
makes the need to stem the growth of global transport emissions critical for meeting climate goals.
Rapidly increasing CO2 emissions from the road transport sector in LMICs is an especially important
component of the global transport climate problem. While current transport demand per capita in
LMICs is low, demand is expected to rapidly increase in the coming decades with rising incomes and
motorization rates. As OECD countries reduce their transport GHG output, LMIC transport GHG
emissions become a relatively larger proportion of the sector’s global emissions.

Air quality
Many LMICs, particularly in Africa and the Middle East, do not have emission standards for vehicles
imported in their countries. The influx of older, dirtier vehicles has a direct effect on air quality,
bringing a host of negative consequences.
Air pollution is a significant public health issue in LMICs, especially in large, densely populated urban
areas. As of 2019, the top 50 most polluted cities in the world were all in LMICs, with 47 located in
India or China. 15 In 2019, air pollution was the fourth leading risk factor for early death worldwide,
and air pollution from cars and trucks has been linked to premature death and serious illnesses,
including respiratory disease, stroke, heart disease, and cancer. The WHO estimates that urban air
pollution causes more than one million deaths per year worldwide, and studies have suggested
possible links between air pollution and other health problems, including developmental disabilities,
Alzheimer’s disease, diabetes, and birth defects. 16
While air quality has been improving in many HICs over the past decades, high levels of air pollution
persist in LMICs.17 The relative contribution of transport to this air pollution varies by region, but 73
percent of global deaths attributed to air pollution occur in regions dominated by LMICs (see Table
1). Older and poorly maintained vehicles are more likely to pollute, especially if there is no effective
regime to keep them from being exported to LMICs or to monitor their emissions performance once
they are imported there. Vehicle emission standards in OECD countries have made remarkable
progress in reducing emissions – for example Euro 4 gasoline vehicles, though not the latest in
advanced emissions control, are able to reduce ozone-forming pollutants over 90 percent from
uncontrolled levels.
https://data.worldbank.org/indicator/EN.CO2.TRAN.ZS
World Resources Institute; https://www.wri.org/insights/everything-you-need-know-about-fastest-growingsource-global-emissions-transport
15
IQ Air, 2019 World Air Quality Report: Region and City PM2.5 Ranking
16
https://www.who.int/health-topics/air-pollution, accessed April 5 2021
17
State of Global Air 2020, Health Effects Institute and the Institute for Health Metrics and Evaluation at the
University of Washington, Seattle. (URL: https://www.stateofglobalair.org/)
13
14
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Table 1. Share of Cities with High PM2.5 Concentrations.
Region
Percent of cities exceeding WHO annual mean PM2.5 guideline
Western Asia
Central & South Asia

100
99.3

Southeast Asia

96.8

Africa

86.3

Latin America & Caribbean

85.5

East Asia

83.1

Europe

63.6

Oceania

20.9

North America

19.5

Traffic safety
Rapid motorization rates in LMICs dominated by older, used vehicles combined with the lack of
safety standards and weak enforcement capacity result in high rates of serious crashes, traffic
injuries, and deaths from traffic crashes. A World Bank analysis found that 88 percent of LMICs
(representing 35 percent of LMIC vehicle stock, or 430 million vehicles) do not apply any of the
vehicles safety standards recommended by the Global New Car Assessment Program (NCAP). The
problem is compounded by the poor condition of many vehicles entering LMICs. Recognizing the
flow of unroadworthy vehicles from throughout Europe to Africa as a specific concern, the
Government of the Netherlands undertook a pioneering study of vehicles at Dutch ports bound for
Africa.18 This study found most of these vehicles were not roadworthy and had emissions and
safety equipment removed or not working, shedding light on the need for collective action to improve
international rules and coordination and between importing and exporting countries on minimum
standards.
Upon entry to LMICs, many countries lack information systems for tracking vehicles, periodic
inspections of safety, and an adequately trained pool of mechanics to detect and repairing safety
defects on modern vehicles. While many factors contribute to traffic fatality rates in a given country,
a population of vehicles that lag in safety standards, have inoperable safety equipment, and which
cannot be adequately repaired exacerbates the staggering traffic death toll in LMICs.

“Used vehicles exported to Africa,” report by the Netherlands Human Environment and Transport
Inspectorate, Ministry of Infrastructure and Water Management, 2020.
18
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Annex 2: Experience with Vehicle Scrappage
Programs
Experience with vehicle retirement or scrappage programs stretches back at least 20 years,
beginning with the Voluntary Accelerated Vehicle Retirement program in California in 1999. Since
then, a wide range of programs have been tried around the world, with varying levels of investment
and success. Subsidies for replacement of vehicles have ranged from $240 per vehicle for light duty
vehicles, to $28,000 per vehicle for some heavy-duty vehicles. Likewise, objectives have varied
from targeting ozone precursors and PM to specifically reducing GHG emissions. A program in
Beijing specifically targeted gross emitters identified with a yellow label dedicating over $367 million
to subsidizing removal of very old, highly polluting vehicles. These resources followed a similar
national initiative, which targeted over $1 billion. While the resources committed were high, an
independent academic study estimated that the benefit-cost ratio of the Beijing investment was
nearly 2.5. The table on the next pages summarize key aspects of some different scrappage
programs. It is not intended to be an exhaustive survey of all scrappage programs, but rather
suggest an order of magnitude of the resources involved.
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Scheme

California: Carl
Meyer

Consumer
Assistance to
Recycle and Save
(CARS)

National Clean
Diesel Campaign

Umweltprämie

Country

US

US

US

Germany

Years
covered by
program

1999Present

2009

2007-2016

2009

Vehicles
targete
d

Approximate
per-vehicle
subsidy offered

How funded

Mechanism

Results

HDVs,
LDVs

~ $28,000 per
vehicle

PTI/tire/vehicle
registration fees
($141 million
per year)

Managed through
grants to Air Quality
Management
Districts

24,000 vehicles replaced in
1st 12 years, reduced ozone
precursors by 100,000 tons
and PM emissions by 6000
tons

LDVs

$3500 or $4500,
depending on
official fuel
economy gap
between old and
new vehicle

U.S. Federal
budget
allocation
($2.85 billion)

HDVs
and
nonroad
diesel
vehicles

LDVs

680,000 LDVs scrapped in
one year, avoiding 9 million
MT CO2eq over 25 years

~$9400 per
vehicle

U.S. Federal
budget
allocation ($300
million
authorized, of
which $12
million went to
vehicle
replacement in
2009 and 2010)

Administered
through competitive
grants under four
programs

2009-2010 grants resulted in
reduction of 706 kilotons of
CO2, as well as reduction of
other pollutants

€2500 per vehicle

German Federal
budget
allocation (€5
billion)

Replaced vehicles
registered at least 9
years and replaced
by Euro 4 vehicle
less than 1 year

2 million vehicles replaced,
reduce PM and NOx, but
CO2 benefit unclear

33

DRAFT Discussion Paper – June 2021

Prime à la casse

Cash for clunkers

Vehicle scrappage
scheme

Vehicle scrappage
scheme

National Yellow
label scrappage

France

Greece

UK

Cyprus

China

€1000 per vehicle

French national
budget
allocation (€550
million)

Up to €2,800 per
vehicle

Greek national
budget
allocation (€225
million)

LDVs

£1000 per vehicle

UK national
budget
allocation (£400
million)

2008

LDVs

€730 per vehicle
(avg)

Cyprus national
budget
allocation
(€11.3 million)

2009-2010

LDVs /
HDVs

$980 to 2,940 per
vehicle (average
$2,270)

Chinese national
budget
allocation ($1
billion)

2009

2011

2009

LDVs

LDVs

34

Cars replaced must
be greater than 10
years old. New
vehicles must meet
160 g / km CO2
emission
requirement
Cars replaced must
be greater than 12
years old. New
vehicles must have
Engine capacity less
than 2000 cc
Cars replaced must
be greater than 10
years old and
registered by last
owner for at least
12 months
Cars replaced must
be greater than 10
years old. New
vehicles must have
max fuel intensity of
5 l/100 kms
Program targeted
"yellow label"
vehicles (designated
gross emitters).
Was abandoned in
2010, because of
cost and prevalence
/ attraction of
vehicle black market

470,000 vehicles scrapped in
1 year

82,000 cars removed, but
only 34,000 cars replaced

400,000 vehicles replaced,
25% reduction in CO2
intensity on average

15,500 vehicles scrapped

459,000 vehicles scrapped
through the program.
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Beijing yellowlabel scrappage

China

2008-2010

LDVs /
HDVs

Small cars: $160 $150
Med. cars: $330 $1660
Large cars:
$1500-$4160
Small trucks:
$130-$1000
Heavy trucks:
$830 - $250

Beijing
municipal
government
($367 million)

Beijing
municipal
government
($172 million in
2011 - 2012)

Beijing green-label
scrappage

China

2011-2015

LDVs /
HDVs

LDVs: $410 1000
HDVs: $830 2410

Programa de
Modernización del
Autotransporte de
Carga y Pasaje

Mexico

2004-2015

HDVs

$5300 - $12,400
depending on
vehicle

Mexico national
budget
allocation

Mexico City
medium size bus
replacement
scheme

Mexico

2001-2011

Urban
buses

$7,700 per
vehicle

Mexico City
Government
($34.56 million)

$8000 - $24,000
depending on
vehicle

Chilean Ministry
of Energy (50%)
and private
sector (50%)
(Amoung spent
unknown)

Cambia tu Camión
(Swap your Truck)

Chile

2009 - ??

HDVs

35

Program design
reduced subsidy on
average by 21% 1/2
way through
program, to
encourage owners
to act early
Program targeted
older green label
vehicles instead of
yellow label
vehicles.
Program targeted
vehicles over 10
years old. Covered
up to 15% of
replacement cost of
vehicle
Program targeted
pre-1995 buses, to
be replaced by EPA
2004 certified
vehicle
Program targeted
micro and small
business owners
with annual revenue
less than $25,000

Over 50,000 yellow-label
vehicles eliminated from city
in 2009 - 2010. 7000 of
these were not destroyed
but rather registered
outside of Beijing. An
academic study found a
benefit to cost ratio of 2.49
for the program.

266,000 vehicles replaced

Average of 2600 vehicles
per year

Replaced a total of 4,576
buses

Estimated CO2 emissions
reduction of 100 kilotons
attributed to program
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ELV Scrapping
Scheme

ELV Scrapping
Scheme

Cairo Taxi Fleet
Renewal

Netherlan
ds

Slovakia

Egypt

2009

2009

2009 2018

LDVs

LDVs

LDVs

Dutch national
budget
allocation (€100
million)

Program targeted
vehicle older than
13 years (gasoline)
and 9 years (diesel)

[To be completed]

€1500 per vehicle

Unknown

Program targeted
vehicles older than
10 years subject to
limit of €25,000 for
new car
replacement

[To be completed]

$900 per vehicle,
plus subsidized
credit terms for
purchase of new
vehicle

Egyptian
national budget
allocation (est.
$84 million).
From 2013 on,
Carbon Finance
(CDM)
generated
revenues on
CERs associated
with the project

Program targeted
replacing vehicles
20 years and older.

The program has replaced
about 93,000 vehicles, of
which about 43,000 vehicles
were included under the
CDM activity. On the basis
of CERs issued, it is
estimated that the entire
program resulted in net CO2
reduction of at least 735
kilotons

€750 - 1750 per
vehicle
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