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Executive summary 
Zero-emission vehicle (ZEV) sales continue to grow around the world and are entering the 

mainstream market in many countries, spurred by government fiscal and regulatory policy 

alongside technological advances. Financial incentives for the purchase of ZEVs represent an 

important policy lever and have been offered in every major ZEV market. Effectively designing 

ZEV incentives depends on many factors like local demographics, transport needs, and political 

considerations, and incentive policies have evolved as the ZEV market expands and changes. 

This research summarizes the past and present status of financial incentive programs for light-, 

medium-, and heavy-duty ZEVs in leading markets, with a particular focus on the national and 

subnational governments of the International ZEV Alliance. The paper examines the value of 

incentives for general ZEV buyers, as well as eligibility constraints like restrictions on vehicle price 

or purchaser income. It also explores the growing number of more targeted incentive programs 

open only to specific consumers or vehicle applications. Based on these trends, the paper discusses 

how these incentives could be used to maximize the environmental benefits of the ZEV transition 

and make the ZEV market more equitable.

Based on this research, Figure ES1 shows a roadmap for how incentives could evolve into the early 

2030s. The figure shows a potential evolution of incentives for zero-emission light-duty vehicles 

(top, in light blue) and heavy-duty ZEVs (bottom, in dark blue). Arrows show how incentives can be 

reduced and adapted until reaching the point when incentives may not be necessary to drive the 

transition. As mainstream incentives are phased out, more targeted programs can be created for 

specific vehicles or consumers, as shown on the right.

Figure ES1 Pathways for the evolution of ZEV incentives from 2023 until the early 2030s for leading markets
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This research suggests the following conclusions on the role of incentives in markets where ZEVs 

are increasingly reaching the mainstream:

Most governments with high ZEV sales offered incentives in 2023, but eligibility restrictions 
and phase-down schedules are increasingly common for passenger vehicle incentives. All ZEV 

Alliance governments offer some form of incentives or tax discounts for light-duty ZEVs. Out of 

the 22 markets assessed, 16 offer rebates or tax credits of $1,000–$5,000, which help to overcome 

the remaining ZEV upfront price premium. The others offer lower tax rates for ZEVs in some 

applications. However, many governments are reducing incentive values and tightening eligibility 

requirements; some markets like the United Kingdom and California have ended financial incentives 

for most buyers of new ZEVs. In contrast, the heavy-duty market is at a much earlier stage, and 

most governments as of 2023 are creating and expanding their incentive programs to support 

continued market growth.

First-owner total cost of ownership (TCO) parity with combustion engine vehicles, over a period 
of 5 to 6 years, will be reached for most light-duty ZEVs in the mid-2020s and most heavy-
duty ZEVs by 2030. Reductions in purchase and operating costs for ZEVs are continuing due to 

improved battery technology, economies of scale, and lower fueling and maintenance costs. The 

exact timing of TCO parity varies by geography, segment, and range. BEVs are expected to have 

lower total costs over a 6-year first ownership period—compared to their combustion engine 

counterparts—by 2025 for 300-mile range light-duty cars, crossovers, SUVs, and pickup trucks, 

and by 2030 for most heavy-duty segments. The upfront purchase-price gap is expected to 

persist roughly 4 years longer, with 300-mile range light-duty BEVs reaching upfront price parity 

in the 2028–2029 time frame. Because purchasers of light-duty ZEVs typically emphasize upfront 

price over running costs, incentives could be sustained at least until TCO parity for first owners is 

reached, and ideally until upfront price parity is reached, as budgets allow. As vehicle costs fall, 

incentives can be phased down for mainstream customers and targeted toward specific consumer 

groups and vehicle segments.

Targeted incentives with selective eligibility criteria can maximize environmental benefits and 
make the ZEV market more equitable. To plan the next phase of incentive programs, several 

governments have launched more targeted incentives—such as those prioritizing low-income 

drivers or small commercial fleets—to ensure that ZEVs and their benefits are more accessible to 

the people who need them most. Governments may also design incentives to maximize the near-

term environmental benefits of ZEVs, such as channeling incentives to high-mileage drivers and 

applications or requiring sustainability criteria for the vehicles and their energy supply. Incentives 

for scrapping older, high-polluting light- and heavy-duty vehicles can accelerate air quality 

improvement in heavily impacted communities. 

Funding ZEV incentives via polluter-pays mechanisms and linking them to regulations can 
minimize government outlays and promote financial sustainability. Limited government budgets 

have led to incentive programs being frequently exhausted or modified. Connecting the design 

of ZEV incentive programs to national ZEV strategies and targets can ensure that incentives are 

durable enough to create market growth while limiting government outlays and the temporary 

exhaustion of program funds. Similarly, creating dedicated revenue streams for incentives—

including taxes on polluting vehicles, differentiated tolling programs such as zero-emission 

zones, or low-carbon fuel standards—can improve financial stability and accelerate the overall 

decarbonization of the sector.
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Introduction and background
As of the end of 2023, almost 30 million light-duty battery electric vehicles (BEVs) had been sold 

worldwide, primarily in China, Europe, and North America, compared to only 1 million in 2016 (EV-

Volumes, n.d.). The medium- and heavy-duty electric vehicle market is at an earlier stage; about 

900,000 zero-emission buses and 100,000 zero-emission trucks have been sold through late 2023, 

mostly in China (EV-Volumes, n.d.). For emissions from the transportation sector to remain on a 

path aligned with the goals of the Paris Agreement, ZEV sales of all types will need to continue to 

grow rapidly.

The early transition to ZEVs has been driven by policy to overcome several barriers. The regions 

with the most mature ZEV markets have typically implemented actions across five key areas: 100% 

ZEV targets, binding regulations, financial incentives, infrastructure, and stimulating consumer 

demand (Hall et al., 2021). Financial incentives are especially important in the early stages of the 

market to help consumers overcome ZEV’s higher upfront costs compared to internal combustion 

engine alternatives. 

As governments enact policies to achieve their ZEV sales targets, they seek to design incentive 

programs that balance the competing objectives of rapidly increasing ZEV sales, minimizing 

budgetary impacts, promoting a just transition, and avoiding unnecessary subsidies. As ZEV prices 

fall due to increased production and economies of scale, reduced battery costs, and technological 

improvements, the core rationale for incentives is diminished. However, market growth does not 

happen equally across all demographics, geographies, or vehicle segments, while incentives can be 

used to reduce disparities. At the same time, the total outlay for incentives increases as ZEV uptake 

grows, making them more costly to sustain. Evidence also shows that consistency and stability in 

incentive design increase their effectiveness, indicating that superfluous changes should be avoided 

(Yang et al., 2016). These dynamics suggest the need for adapting incentive programs alongside 

market growth and also highlight the challenges in balancing these competing demands.

This paper seeks to identify best practices and provide recommendations on how to adapt financial 

incentives for ZEVs to the growing market in a way that promotes financial sustainability and an 

equitable transition. It builds upon previous work conducted by the International ZEV Alliance 

(Slowik & Lutsey, 2016; Yang et al., 2016). While many of these papers’ findings remain relevant, the 

ZEV market has changed in important ways; most notably, global sales of new light-duty electric 

vehicles (including plug-in hybrids) increased from 1.1% in 2016 to 21% in the first three quarters 

of 2023 (EV-Volumes, n.d.). The role of incentives has likewise evolved. This paper incorporates 

updates on global policy developments and new evidence on vehicle cost trends. The scope 

considers incentives for light-duty vehicles (cars, vans, and light trucks), as well as medium- and 

heavy-duty vehicles (focusing on commercial trucks).

This paper begins by assessing the values of financial incentives from 2016 to 2024 in select leading 

jurisdictions. Next, we examine opportunities to target incentives toward specific user groups and 

objectives, highlighting examples and evidence of effectiveness where possible. The paper then 

catalogs the types and levels of financial incentives available for ZEVs in International ZEV Alliance 

markets in 2023. Finally, the paper presents an analysis of how vehicle price, market progress, and 

polluter-pays principles can be used to modify incentives for light-duty and heavy-duty ZEVs as the 

market continues to develop. This leads to recommendations for governments in designing financial 

policies to support the ZEV market at each stage of the transition. 
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Types of financial incentives
Governments have several options to provide financial incentives for ZEV purchases. The specific 

mode of incentive implemented typically depends on political and legal factors, in addition to policy 

aims. Financial incentives considered in this report include the following types of policies:

• Up-front purchase bonus: The incentive value is deducted from the cost of the vehicle at the
point of sale, reducing the purchase price of the vehicle.

• Cash rebate: The incentive provider will refund the value of the incentive after the vehicle has
been purchased and delivered.

• Income tax credit: The incentive is provided as a credit against annual taxes for the year in
which the vehicle was purchased. This may require the purchaser to have tax liability greater
than the purchase amount and also delays receipt of the incentive.

• Vehicle tax, sales tax, or value-added tax (VAT) discount: The incentive waives or reduces
taxes—based on purchase price or other factors like mass, footprint, emissions, and engine
power—that otherwise would have been paid.

This report does not consider other forms of incentives (i.e. on-road incentives) such as free 

parking, exemptions from tolls, or access to bus or carpool lanes. It also does not consider 

incentives for charging infrastructure or incentives for the manufacturing of ZEVs or their 

components. Several studies suggest that such policies are associated with higher ZEV uptake 

(Jenn et al., 2020; Narassimhan & Johnson, 2018). However, analysis of their relative benefits and 

impacts is outside of the scope of this paper. 

Although also not the focus of this paper, there are opportunities to make ZEVs cost-competitive 

by ending subsidies for fossil fuels and increasing taxation on internal combustion engine (ICE) 

vehicles. The International Monetary Fund estimates that global direct subsidies for fossil fuel 

consumption in 2022 exceeded $1.3 trillion (Black et al., 2023). However, implicit subsidies, 

including undervaluing the environmental and health-related externalities and foregone tax 

revenue, were almost 4 times greater at $7.54 trillion. The unvalued externalities of fossil fuels in the 

transport sector impose a great toll on society: a 2021 study focused on the United States estimated 

the public health and climate social costs of on-road transport to be $184 billion annually (Zelasky 

& Buonocore, 2021). Furthermore, several studies indicate that fossil fuel subsidies are regressive 

and mostly benefit higher-income households (Coady et al., 2015; Moayed et al., 2021). Ending fossil 

fuel subsidies, therefore, provides an opportunity to reallocate financial resources towards cleaner 

transport systems.

Historical evolution of financial incentives
Light-duty zero-emission vehicles 
As of 2024, nearly every jurisdiction with strong ZEV market development has offered financial 

incentives at some point in their ZEV transition. Figure 1 below shows how the value of incentives 

for new BEVs have changed since 2016 in six markets: California, Germany, Québec, Canada, the 

United Kingdom, and China. These jurisdictions are among the leading EV markets in terms of 

sales or sales share as of 2023. Figure 1 displays the maximum BEV incentive value for the given 

year for buyers of a private car. It does not consider enhanced incentive values or bonuses that are 
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sometimes attributed to specific consumer groups like low-income or disadvantaged communities. 

Incentive values are in U.S. dollars and based on November 2023 exchange rates.

Figure 1 Values of incentives for BEV cars in six selected markets, 2016–2024 
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Sources: Center for Sustainable Energy (2018); Williams & Pallonetti (2020); Government of Canada (n.d.);  
Cui et al. (2017); Cui & Hui (2022); China, State Council of the Ministry of Finance (2020); China, State Council 
of the Ministry of Finance (2021); European Automobile Manufacturers’ Association (2017); Germany, Federal 
Government (2020a); Germany, Federal Government (2020b); Germany, Ministry for Economy and Climate 
Protection (n.d.); United Kingdom, Office for Low Emission Vehicles (2016); Carwow (2022); Roberts (2022); 
Frontier Economics (2022); Transport Canada (n.d-a) 

Figure 1 shows BEV incentive values decreased across the majority of the selected jurisdictions, 

although the trend is not universal. In Germany, the value of the incentive was increased 

in November 2019 from €4,000 ($4,274 USD) to €6,000 ($6,410 USD), motivated by the 

government’s target of registering 7–10 million electric vehicles by 2030 (Government of Germany, 

2020b). However, its value was reduced to €4,500 for 2023, reflecting accelerating demand for 

electric cars. At the end of 2023, the incentive was removed completely due to budget shortfalls 

(Germany, Federal Office for Economic Affairs and Export Control, 2023). In Canada, the Incentive 

for Zero-Emissions Vehicles (iZEV) Program was first introduced in 2019 with an incentive that has 

remained at up to $5,000 CAD ($3,650 USD) since its launch. The program was extended until 

March 31, 2025, or until available funding is exhausted (Transport Canada, 2022). In the United 

Kingdom, the value of the plug-in car grant incentive steadily decreased beginning in 2016 before 

being completely withdrawn for individuals in June 2022 (Roberts, 2022). The complete withdrawal 

of the plug-in car grant was informed through analysis indicating that the grant’s influence on EV 

uptake had lessened as the light-duty EV market matured. The government found that incentive 

efforts could have greater influence if targeted toward company cars, vans, trucks, and wheelchair-

accessible electric vehicles (Frontier Economics, 2022; United Kingdom, Office for Zero Emission 

Vehicles, consultation, 2023).
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Evaluation of light-duty incentives
Several studies have assessed the link between financial incentives and ZEV uptake. A study of the 

50 largest metropolitan areas in the United States in 2017 found a correlation between financial 

incentive value and electric vehicle uptake (Slowik & Lutsey, 2018). Financial incentives were 

determined to be one of the most important policies in differentiating electric vehicle uptake in 

cities in China (Yao et al., 2022). A similar relationship has been observed by comparing cities 

across Europe (Wappelhorst et al., 2020) and globally (Hall et al., 2019), where the regions with the 

highest ZEV uptake tend to have more generous incentives, although these studies do not control 

for confounding variables.

Studies have also been conducted to assess the impact of specific incentive policies through 

surveys and market analysis. A survey of more than 2,882 consumers across 11 U.S. states found 

that 30% cited the federal tax credit as influential in their purchase of a plug-in electric vehicle 

(Tal et al., 2018). Based on a survey of over 14,000 electric vehicle buyers in California, Jenn et al. 

(2020) found that the U.S. federal tax credit and the California rebate were the most important 

factors influencing purchase decisions. In New York, a survey-based study found that about 3,400 

consumers out of a total of 5,000 surveyed were able to buy an electric car because of the Drive 

Clean Rebate program (New York State Energy Research and Development Authority [NYSERDA], 

2022a and 2022b). 

In Europe, a retrospective analysis of the plug-in car grant in the United Kingdom from 2011 to 

November 2021 found that it “had an important impact in building demand for electric cars in 

the market” and that about 90,000 electric car purchases could be attributed solely to the grant 

(Frontier Economics, 2022). In Germany, the Environmental Bonus introduced in 2016 contributed 

to the purchase of more than 820,000 electric vehicles with a total investment of €3.5 billion as 

of 2022 (Germany, Federal Government, 2022). Similarly, in China, a study found that city-level 

incentive programs supported the acquisition of about a quarter of new EV sales from 2008 to 2018 

(Zheng et al., 2022). Additional evaluations of incentive programs are ongoing, but the available 

literature suggests that incentives can be effective in driving the ZEV market forward. 

Heavy-duty zero-emission vehicles
In the United States, California pioneered financial incentives to stimulate the zero-emission truck 

market through the Hybrid and Zero-Emission Truck and Bus Voucher Incentive Project (HVIP) in 

2009 (California Air Resources Board, 2022a). The program supports the transition of commercial 

fleets towards cleaner medium- and heavy-duty vehicles with vouchers that reduce the upfront 

purchase price up to $120,000 (California Air Resources Board, n.d.-c). As of January 2022, HVIP 

has directly supported more than 60% of the zero-emission truck sales in California (California Air 

Resources Board, n.d.-b). Other U.S. states have followed suit, including New York and Massachusetts, 

where incentives of up to $385,000 and $90,000 are provided, respectively (NYSERDA, n.d.-a; 

Massachusetts Department of Energy Resources & Center for Sustainable Energy, n.d.-b). In 2022, 

Canada launched the Incentives for Medium- and Heavy-duty Zero-Emission Vehicles Program 

(iMHZEV), which provides a rebate of up to CA$150,000 for battery electric or CA$200,000 for fuel 

cell trucks or coaches (Transport Canada, 2023b). In the first 14 months of operation, the program 

provided funding to about 1,200 medium-duty and 200 heavy-duty ZEVs (Transport Canada, 2023a). 

In Europe, several countries have incentive programs for zero-emission medium- and heavy-duty 

zero-emission vehicles. The Plug-in Van and Truck Grant in the United Kingdom, introduced in 

2012, first focused on vans and was extended to trucks in 2016 (United Kingdom Government, 
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n.d.-a). As of 2023, the program provides a maximum grant of £25,000 for the purchase of a large 

low-emission truck (weighing over 12 tonnes) (United Kingdom Government, n.d.-b). Germany 

opened its first round of applications for businesses and other institutions to apply for zero-emission 

commercial vehicle incentives in 2021 (Germany, Federal Ministry for Digital and Transport, 2021a). In 

the Netherlands, the AanZET program, announced in 2022, provides businesses up to €131,900 for 

the purchase of a zero-emission heavy truck (Netherlands Enterprise Agency, n.d.-a). The same year, 

the Austrian government announced a new funding opportunity to encourage commercial fleets to 

purchase zero-emission buses; the funding was extended to vans and trucks in 2023 (Austria, Federal 

Ministry for Climate Action, Environment, Energy, Mobility, Innovation and Technology, 2022). The 

funding covers 80% of the additional costs for vehicles and 40% of infrastructure investment costs. 

Table 1 below summarizes existing medium- and heavy-duty vehicle incentive programs across a 

selected number of jurisdictions. In each of these programs, both public and private fleets are eligible.

Table 1 List of medium- and heavy-duty incentive programs in selected jurisdictions in 2023

Jurisdiction and 
program

Type of 
incentive

Segment 
covered Value

Enhanced 
incentive 
for small 

fleets

Enhanced 
incentive in 

disadvantaged 
communities Source

Austria – EBIN and 
ENIN incentive 
programs

Grant N1,N2, N3 
and M3

80% of the 
additional costs 
for vehicles

No No Austria, Climate and 
Energy Fund (2023a)

British Columbia – 
CleanBC Go Electric 
Rebates

Rebate Class 2B-8 Up to $150,000 
CAD No No Rebates (n.d.) 

California – HVIP Voucher Trucks and 
buses Up to $120,000 Yes Yes

California Air 
Resources Board 
(n.d.-c)

Canada – iMHZEV Rebate Class 2B-8 Up to $200,000 
CAD No No Transport Canada 

(n.d.-b)

China – Vehicle and 
vessel tax reduction

Tax 
reduction

Heavy-duty 
vehicle

Full tax 
exemption for 
ZEVs

No No China, Ministry of 
Finance (2018)

France – Écosystèmes 
des véhicules lourds 
électriques

Grant

Trucks (N2 
and N3) 
and road 
tractor and 
coaches

Up to €150,000 No No
France, Ministry 
of Economics and 
Finance (2023a)

Germany – KsNI Grant N1, N2, N3 Up to €450,000 No No
Germany, Federal 
Logistics and Mobility 
Office (2021b)

Massachusetts Offers 
Rebates for Electric 
Vehicles – MOR-EV

Rebate Class 2B-8 Up to $90,000 No No

Massachusetts 
Department of Energy 
Resources & Center 
for Sustainable Energy 
(n.d.-b)

Netherlands – AanZET Rebate N2 to N3 
trucks Up to €131,900 Yes No Netherlands Enterprise 

Agency (n.d.-a)

New Jersey – Zero 
Emission Incentive 
Program

Voucher Class 2B-8 Up to $175,000 Yes Yes
New Jersey Economic 
Development 
Authority (n.d.)

Québec –  
Écocamionnage Rebate Class 2-8 Up to $175,000 No No

Québec Ministry 
of Transport and 
Sustainable Mobility 
(2023)

United Kingdom – 
Plug-in van and truck 
grant

Grant
N2 to N3 
trucks and 
vans

Up to £16,000 
for N2 trucks;  
up to £25, 000 
for N3 trucks

No No United Kingdom 
Government (n.d.-a)
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Approaches for designing targeted incentive programs 
As light-duty ZEVs move closer to cost parity with combustion engine vehicles in many markets, 

governments are increasingly replacing or supplementing their mass-market incentive programs 

with more targeted incentives to guide ZEV sales to specific consumer groups. Targeted incentives 

may be designed to advance environmental goals (e.g., maximizing GHG reductions or improving 

air quality in polluted areas) as well as social goals (e.g., accelerating uptake among low-income 

or underserved populations). This section identifies categories of targeted incentives and provides 

examples, as well as evidence of their effectiveness, where available. 

Incentives for advancing environmental and climate goals
The greenhouse gas and air quality benefits of ZEVs depend on their usage profile and the 

vehicles they replace. Governments are therefore interested in incentivizing the uptake of ZEVs in 

applications where they will have the greatest emission benefits for the lowest cost. Some of these 

applications are described below.

Super-users. Combustion-engine vehicles contribute different amounts of greenhouse gas 

emissions according to their efficiency and annual distance driven. In California, the top 10% of 

light-duty vehicle drivers in terms of gasoline consumption account for 28% of total consumption, 

and therefore carbon dioxide (CO2) emissions, whereas the bottom 50% account for approximately 

23% of gasoline consumption (London et al., 2023). If these high-fuel-consumption drivers switch 

to ZEVs at an accelerated rate, road transport emissions would drop more quickly than if all drivers 

adopted ZEVs at the same rate. This indicates an opportunity to provide incentives targeted toward 

drivers with high fuel consumption or with funding proportional to gasoline use displaced.

No such incentives are currently in existence, but a few U.S. states are exploring the option. 

Developments in Vermont appear the furthest along: A bill passed by the Vermont legislature 

in 2023 allows electric utilities to provide incentives for purchasing electric vehicles with an 

emphasis on individuals using more than 1,000 gallons of gasoline or diesel per year (Giles, 2023). 

Burlington Electric Department is designing a program targeted at super-users with the intention 

to launch the incentives in 2024. California is considering similar bills, but programs are not yet 

under development (Zero-Emission Vehicle Incentive Programs, 2023). The Washington State 

Legislative Committee proposes several approaches to encourage super-users to switch to EVs 

(Joint Transportation Committee, 2023). These include a scrappage incentive program whose value 

is determined by the amount of fuel consumption displaced. Although greater annual mileage 

can improve the value proposition of owning an electric vehicle more than lower annual mileage 

(International Energy Agency, 2022; Basma et al., 2023), reducing the upfront cost of purchasing 

these vehicles could still further accelerate uptake in this group.

The demographics of super-users vary across jurisdictions, meaning that incentive policies 

designed to reduce the use of fossil fuel may or may not promote more equitable adoption of 

ZEVs. In California, for example, super-users skew slightly lower income than average for drivers at 

large, while in the state of Washington, the highest gasoline-using drivers are higher income than 

average (London et al., 2023; Joint Transportation Committee, 2023). Encouraging super-users to 

adopt EVs, therefore, requires understanding the specific barriers to purchasing an EV, which may 

not necessarily be related to cost. Indeed, other barriers like the lack of charging infrastructure or 

limitations in model availability and range may be equally or more important than the upfront cost. 

For example, the Washington State study found that super-users are not less knowledgeable about 
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EVs than other drivers but are concerned that the electric versions of the preferred vehicle models 

do not perform as well as their conventional counterparts for uses like towing or hauling (Joint 

Transportation Committee, 2023). This indicates areas for additional research and targeted policy 

to overcome barriers to switching to ZEVs for high-energy-consumption applications. 

Taxis and car-sharing fleets. Taxis and car-sharing fleets tend to have high annual mileage and 

fuel consumption. These vehicles also typically operate in urban areas where health concerns from 

air quality may be especially critical. Furthermore, because such vehicles carry many passengers 

every day, introduction of ZEVs into these fleets has the potential to expose many more people to 

ZEV technology. For these reasons, several governments have targeted incentives for taxis, in some 

cases alongside regulations requiring faster ZEV uptake. 

There are numerous examples of incentives for zero-emission taxis at the national, regional, and 

city levels. The UK government, despite ending the plug-in car grant applicable to all zero-emission 

cars, offers incentives of up to £7,500 or 20% of the vehicle’s purchase price (whichever is lower) 

for the purchase of a new wheelchair-accessible zero-emission taxi (United Kingdom Government, 

n.d.-b). The state of Baden-Württemberg, Germany, offers incentives of €3,000 for electric 

taxis and car-sharing vehicles (Baden-Württemberg Ministry of Transport, 2023). Austria offers 

incentives of €2,000 for ZEVs used in social institutions, driving schools, and car sharing, as well 

as taxis (Austria, Climate and Energy Fund, 2023a). In Scotland, interest-free loans are provided 

to drivers or companies for the purchase of electric taxis or private-hire vehicles (“Switched on 

taxis loan,” n.d.). Several cities like Hamburg, Germany, and Amsterdam in the Netherlands, initially 

provided incentives for electric taxis, which have been phased out as the market has grown. 

Individual zero-emission car-sharing programs have also received government support. The BlueLA 

system with 100 BEVs operating in Los Angeles, California, received funding from California’s 

cap and trade system (Shared-Use Mobility Center, 2019). In Canada, car-sharing companies may 

receive incentives for up to 50 vehicles per year under the iZEV program, compared to 10 vehicles 

for other types of companies (Transport Canada, 2023a).

In some markets, ride-hailing services—also known as transportation network companies or 

private-hire vehicles—fill a similar role to taxis and could be incentivized under the same logic. 

However, dedicated government incentive programs for ride-hailing vehicles are not common as of 

early 2024. These services are subject to less regulation than taxis. Vehicles may also be used for 

personal use, making incentives harder to administer and evaluate.

Scrappage. Older vehicles tend to be less fuel efficient and have higher air pollutant emissions due 

to less sophisticated emissions control technologies. A study of vehicles in two U.S. states found 

that the oldest 11% of vehicles accounted for 50% of total light-duty nitrogen monoxide pollution 

(Bernard et al., 2020). Replacing these oldest vehicles with ZEVs would, therefore, provide far 

greater benefits in terms of pollution. For this reason, many governments offer additional incentives 

for the purchase of a ZEV when scrapping an older, heavily polluting vehicle. 

Since lower-income drivers are more likely to drive older cars, incentives paired with scrappage 

also provide equity benefits. For example, California’s Clean Cars 4 All program offers up to $9,500 

for low-income drivers who turn in an old car and purchase a new ZEV. The program was originally 

available only in specific districts with high air pollution but is being expanded statewide following 

early program success (California Air Resources Board, 2023). These programs have also been 

offered for medium- and heavy-duty vehicles, which tend to have disproportionate air quality 
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impacts. In New Jersey, the Zero Emission Incentive Program can offer a grant of up to $175,000 for 

a new zero-emission truck with the scrappage of a model year 2009 or older vehicle (New Jersey 

Economic Development Authority, n.d.). Eligible applicants include businesses and government 

agencies; a bonus is offered for applicants located in disadvantaged communities.

Table 2 summarizes a selection of programs providing ZEV incentives for those scrapping older 

vehicles. These programs vary widely in scope, with some attaching additional eligibility requirements.

Table 2 Examples of ZEV incentive programs with bonuses for scrapping old vehicles

Jurisdiction Vehicle categories Eligibility criteria Value Source

California – Clean 
Cars 4 All

Passenger cars
Income restriction; 
resident of air pollution 
control districts

up to 
$12,000

California Air 
Resources Board 
(2023)

Greece – Green 
Taxis

Taxis
Vehicles with Euro 
5 or older emission 
standards

€5,000 
Government of 
Greece (n.d.). 

Italy – Ecobonus Passenger cars 
Income restriction; 
car emission level 
restrictions

Up to  
€7,500

Italy, Ministry of 
Business and Made 
in Italy (n.d.)

New Jersey – Zero 
Emission Incentive 
Program

Medium- and 
heavy-duty  
trucks

Scrappage mandatory 
if vehicle replaced is 
model year 2009 or  
earlier

Up to 
$175,000

New Jersey 
Economic 
Development 
Authority (n.d.)

New York City 
– Clean Trucks 
Program 

Medium- and 
heavy-duty  
trucks

Must be located in 
or near Industrial 
Business Zone

$55,000–
$185,000

New York City 
Department of 
Transportation  
(n.d.)

New York State – 
Voucher Incentive 
Program

Heavy-duty  
trucks

Only new Class 4–8 
battery and fuel 
cell trucks can be 
purchased

Up to 
$220,000

New York City 
Department of 
Transportation  
(n.d.)

Vermont – Replace 
Your Ride

Passenger cars Income restriction

Up to 
$5,000 for a 
new or used 
vehicle

Vermont,  
Agency of 
Transportation  
(n.d.)

Although scrappage programs have been widely implemented and studied for air quality and 

economic impacts, there is less research on their effectiveness in driving increased ZEV sales. A 

2022 modeling analysis focused on the United States suggests that tying a purchase incentive to a 

requirement to scrap an older gasoline car would reduce the number of drivers taking advantage 

of the incentive; specifically, an incentive of $5,000 without a scrappage requirement would see 

the same number of induced EV sales as an incentive of $13,000 with a scrappage requirement 

(Ankney & Leard, 2022). This may serve as an effective tool for reducing the number of incentives 

distributed over time, along with the associated cost, while accelerating the retirement of the existing 

combustion engine fleet, but it entails a trade-off in terms of boosting EV sales more generally.

Carbon footprint incentive. A few governments are tailoring their incentive programs toward 

electric vehicles with the lowest carbon footprint. In Germany, as of January 2023, PHEVs are no 

longer eligible for the Environmental Bonus due to their larger greenhouse gas emissions when 
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operating compared to battery electric or fuel cell vehicles (Germany, Federal Government, 2022). 

The Clever Fueren (Drive Smart) incentive program in Luxembourg is linked to energy consumption. 

For individuals, the program provides an incentive of up to €8,000 for a passenger electric car 

purchased or leased by December 31, 2024, with electricity consumption of less than 180 Wh/km. 

To accommodate large families, individuals who are part of a household of at least five people can 

purchase a larger vehicle and still qualify for the full €8,000 value. The full €8,000 value can also  

be received for the purchase or lease of a new electric car with energy consumption not exceeding 

200 Wh/km and maximum net propulsion power not exceeding 150 kW. If any of the criteria 

described above are not met, the incentive is reduced to €3,000 (Government of Luxembourg, 2022). 

France offers the bonus écologique (ecological bonus) incentive for vehicles that meet a minimum 

environmental score, which is assessed through four criteria: production, assembly, battery 

type, and transport and logistics. For 2024, the incentive effectively sets a requirement that the 

production carbon footprint be below 14.75 tonnes (Mathieu, 2023). The government estimated 

that this measure could reduce France’s carbon footprint by an average of 800,000 CO2-equivalent 

tons per year (France, Ministry of Economics and Finance, 2023b). As of late 2023, the Italian 

government is studying a similar structure for its EV incentive program (Fonte & Guillaume, 2023).

Incentives can also be used to encourage the purchase of electric vehicles and fueling with 

renewable energy. In Austria, all incentives are available only to consumers or fleets that charge or 

refuel their ZEV with electricity or hydrogen certified as renewable. To enforce this requirement, 

private consumers must submit a Confirmation of Electricity Use from Renewable Energy Sources 

from a certified provider, their home electric utility, or from a charging station that supplies 100% 

renewable energy. Similarly, companies, local authorities, and associations must submit proof 

of their use of a certified renewable energy supplier, a contract for charging authorization if the 

charging event occurs mostly in public charge points, or an invoice if the electricity is produced by 

an owned asset, such as wind turbines or solar panels (Austria, Climate and Energy Fund, 2023a; 

Austria, Climate and Energy Fund, 2023b). 

Incentives for advancing social and equity goals
As with many new technologies, early ZEV uptake has not been consistent across populations. 

Data from multiple markets, including Germany, California, and the United Kingdom, indicate that 

those purchasing ZEVs generally tend to have higher incomes and education levels than other 

new-car buyers (Wappelhorst et al., 2023; ICF, 2022). Limiting access to the benefits offered by 

ZEVs—in terms of local air quality and operation costs—may perpetuate the inequalities existing 

in the transportation system for lower-income and disadvantaged communities (American Lung 

Association, 2023; McCormack, 2023). For these reasons, governments have created incentive 

programs specifically designed to make ZEVs more accessible and affordable to certain segments 

of the population underrepresented in the early stages of the ZEV transition.

Lower-income consumers. Despite the potential for savings on fuel, maintenance, and total cost 

of ownership, the current higher purchase price of ZEVs often makes them inaccessible for lower-

income drivers. As a result, governments are increasingly conditioning eligibility for incentives 

on income. Several U.S. states offer supplemental rebates for lower-income buyers, including 

Pennsylvania ($3,000 for lower-income buyers versus $2,000 generally) and Oregon ($7,500 

versus $2,500, pending additional funding for 2024) (Pennsylvania Department of Environmental 

Protection, n.d.-b; Oregon, Department of Environmental Quality, n.d.). The California Clean Vehicle 

Assistance Program provides an incentive of up to $7,500 USD for a BEV or fuel cell electric vehicle 
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and $7,000 for a PHEV for households with less than or equal to 300% of the U.S. federal poverty 

level (“Helping individuals access affordable clean vehicles,” n.d.). France provides an additional 

incentive for lower-income purchasers of new ZEVs—up to €7,000 compared to €5,000 for those 

with higher incomes—although the maximum incentive is capped at 27% of a vehicle’s purchase 

price, making it less valuable for more affordable models (Wappelhorst et al., 2023). 

Although evaluation is ongoing, California’s experience offers some evidence that targeted 

incentives can influence the demographics of the ZEV market. In 2017, California began offering an 

increased rebate through the Clean Vehicle Rebate Program for low-income ZEV purchasers. From 

2017 to 2020, the share of new ZEV buyers with household incomes under $100,000 who received 

the incentive increased from 27% to 34% (as compared to 44% for new car buyers in California 

broadly), showing that the ZEV market is broadening in terms of income (Williams, 2023). Those 

receiving the increased rebate under the program had lower incomes, were less likely to be White, 

and were less likely to own their home than new car buyers in California on average. This indicates 

that the early incentive modifications intended to expand the market and reach new consumers 

appear to be effective.

Actions to achieve equity goals can also be considered by jurisdictions that have a carbon tax or 

emission trading scheme. These mechanisms aim to decouple economic growth from greenhouse 

gas emissions either by placing a tax on any products or services that produce greenhouse gas 

emissions or by placing a cap on the amount of emissions within the jurisdiction. In the transport 

sector, for example, these mechanisms will increase the price of gasoline or diesel, which will 

disproportionally impact lower-income drivers who spend a higher share of their income on 

vehicle-related costs like fuel (Bauer et al., 2021). In jurisdictions with emissions trading schemes 

(like in the EU), the cost of fossil-fuel-based energy for transport will increase and, therefore, 

add a financial burden on lower-income populations. To mitigate this effect, there are ongoing 

discussions about using the proceeds of such a program to fund a “climate premium” that would 

help lower-income drivers transition toward cleaner technologies. The climate premium could take 

the form of grants that enable low-income drivers to afford clean vehicles and, therefore, be less 

subject to the higher cost of diesel (Germany’s Federal Ministry for Economic Affairs and Climate 

Action, consultations, 2023).

Incentives for used ZEVs. Another important consideration for lower- and middle-income 

consumers is the used ZEV market, which provides opportunities for more affordable ZEVs due to 

their faster depreciation rates compared to conventional vehicles (Tankou et al. 2021). Nonetheless, 

some used ZEVs could still present a cost premium over similar used combustion engine vehicles 

and, therefore, may not be affordable for lower-income purchasers in the near term. To make ZEVs 

more accessible for drivers who may otherwise only be able to afford used combustion engine 

vehicles, some governments provide incentives for ZEVs purchased on the second-hand market. 

These incentives do not directly accelerate the transition of the on-road vehicle fleet to zero 

emissions because these vehicles have already entered circulation; however, such programs may 

indirectly increase interest in purchasing new ZEVs by providing security regarding the residual 

value of the vehicles.

Table 3 presents an overview of incentive programs for second-hand light-duty ZEVs across  

IZEVA jurisdictions. These incentives are categorized according to their mode of distribution, 

their value for BEVs and PHEVs, and whether they include restrictions on the age and mileage of 

the vehicle. The table also indicates whether the programs allow double counting, i.e., whether 

a ZEV that came with incentives for its initial purchase may also be the subject of incentives for 

subsequent purchases. 
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Table 3 Overview of used ZEV rebate and grant programs across IZEVA jurisdictions

Jurisdiction 
and program

Type of 
incentive Used BEV

Used 
PHEV

Vehicle age 
restriction

Usable 
at point 
of sale

Lease 
option

Allows 
double 

counting

California – 
Clean Vehicle 
Assistance 
Program

Grant
Up to 
$7,000

Up to 
$7,000

No Yes Yes Yes

Connecticut – 
CHEAPR

Rebate Up $3,000
Up to 

$1,125
No Yes Yes Yes

Costa Rica – 
Law No. 9518

Tax 
exemption

Full tax 
exemption 
for BEVs 
less than 

US$30,000

Not 
eligible

Less than  
5 years old

Yes No Yes

Massachusetts 
– MOR-EV

Rebate $3,500
Not 

eligible
No Yes Yes No

Netherlands – 
SEPP

Rebate $2,000
Not 

eligible
No Yes Yes Yes

New Jersey –
Sales and Use 
Tax Act

Sales tax 
exemption

BEV 
discounted 
at 6.625%

Not 
eligible

No Yes Yes Yes

Oregon – 
Charge Ahead 
Rebates

Rebate $5,000 $5,000 No Yes Yes Yes

Rhode Island – 
DRIVE

Rebate $1,000 $750 No Yes Yes Yes

Québec – 
Roulez Vert

Rebate CA$3,500 
Not 

eligible
1 to 4 years 

old
Yes No No

Washington
Excise 

tax credit 
incentive 

up to $16,000 No Yes Yes Yes

Sources: “Helping individuals access clean affordable vehicles” (n.d.); Connecticut Department of Energy 
and Environmental Protection (n.d-a); Ley No. 9518 (2018); Germany, Ministry for Economy and Climate 
Protection (n.d.); Massachusetts Department of Energy Resources & Center for Sustainable Energy (n.d.-b); 
Netherlands Enterprise Agency (n.d.-b); “Save money on your EV and charger,” (n.d.); Oregon, Department of 
Environmental Quality, (n.d.); Rhode Island, Office of Energy Resources (n.d.); Government of Québec (n.d.); 
Washington, State Department of Revenue (n.d.)

Table 3 shows that just under half of the governments within the International ZEV Alliance offer 

incentives for used EVs. These incentives typically apply to both BEVs and PHEVs and offer values 

ranging from $1,500 to $7,000. It is also worth noting that, in most cases, the used EV incentive 

can be applied to a lease. This could be particularly advantageous for lower- to middle-income 

consumers by allowing them lower monthly payments when compared to a scenario where the 

EV is purchased (Barry, 2023). In jurisdictions such as Costa Rica, Germany, and Pennsylvania, 

only used EVs of a certain age or mileage qualify for the incentive. A few jurisdictions, including 

Germany, Massachusetts, and Québec, do not allow double counting. This means that if the buyer of 
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a new EV received an incentive, the vehicle will not qualify for the used EV incentive program when 

it is sold again. While allowing double-counting could lead to greater government expenditures, it 

could help bring the upfront cost of used ZEVs to parity with similar combustion engine vehicles 

more quickly and, therefore, make these vehicles a more appealing option for lower-income buyers. 

It could also make the programs simpler to navigate by making more second-hand ZEVs eligible for 

the incentive.

Pollution-burdened areas. Some communities are disproportionately exposed to air pollution, 

among other environmental concerns. In the United States, governments refer to these communities 

through different interpellations, including disadvantaged, overburdened, or environmental justice 

areas, and they also typically experience limited access to social and economic opportunities. 

To reduce air pollution exposure within these communities, some jurisdictions provide enhanced 

incentives to encourage fleets to purchase medium- and heavy-duty ZEVs. In New York, for 

example, the Truck Voucher Electric Program provides a maximum voucher value of $220,000 for 

battery electric school buses located within 0.5 miles (approximately 1 kilometer) of a designated 

disadvantaged community area (New York State Energy Research and Development Authority, 

n.d.-a). In Massachusetts, the MOR-EV Trucks program provides a voucher of up to $90,000 for 

class 8 trucks, and an additional value of 10% can be granted if the vehicle operates more than 50% 

of the time within an environmental justice area (Massachusetts Department of Energy Resources & 

Center for Sustainable Energy,  n.d.-b).

Small, independent commercial fleets. Small commercial business fleets with fewer financial 

resources compared to larger fleets are less able to participate in the ZEV transition without financial 

support (Gurman, 2021). A survey conducted in 2022, focusing on fleets operating 25 or fewer trucks 

in the United States and Canada, identified the total cost of ownership, insufficient government 

support, and upfront cost as key barriers to purchasing a zero-emission truck (Brito, 2022). 

A small but growing number of jurisdictions are addressing the concerns of small fleets through 

their incentive programs for zero-emission medium- and heavy-duty vehicles. This includes the 

AanZET program in the Netherlands, which offers enhanced incentives for purchasing a van, 

small truck, or tractor-trailer for small fleets (Netherlands Enterprise Agency, 2023). For tractor-

trailers, for example, small fleets can receive an incentive of €131,900, which is 81% higher than the 

amount offered for larger fleets (€72,700). Other IZEVA jurisdictions that have considered a similar 

approach include California, where small fleets can receive double the incentive that larger fleets 

qualify for, and New Jersey, where small fleets receive a 25% increase above the standard voucher 

value (California Air Resources Board, n.d.-a); New Jersey Economic Development Authority, n.d.).

Other financial instruments are also being deployed to further accommodate small commercial 

fleets. In California, for example, the Hybrid and Zero-Emission Truck and Bus Voucher Incentive 

Project includes the Innovation of a Small e-Fleet (ISEF) program, which proposes solutions such as 

flexible leases, short-term rentals, or truck-as-a-service to fleets with 20 or fewer trucks (California 

Air Resources Board, 2022b). 
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Incentive design and targeted approaches in ZEV Alliance 
jurisdictions
As the economics of the ZEV transition evolve, governments have instituted a range of incentive 

programs that consider budgetary constraints and local priorities. The 22 national and state 

governments of the International ZEV Alliance have used a sustained mix of policy programs to 

grow their ZEV markets. These policies represent a snapshot of incentives offered as of the start  

of 2024 in jurisdictions with ZEV sales near or above the global average. 

Table A1 in the appendix catalogs the incentive policies for light-duty ZEVs in the ZEV Alliance 

jurisdictions, including the types of eligibility restrictions (e.g., income limit or vehicle price cap)  

and targeted programs (e.g., scrappage bonuses) available in these markets. As of the start of 2024, 

21 out of 22 IZEVA jurisdictions offered financial incentives for private zero-emission passenger cars 

purchased by a typical middle-income buyer. Most of these programs take the form of grants or 

rebates, ranging from $1,500 USD to $5,000 USD per EV. Some jurisdictions administer incentives 

through tax exemptions, which can provide a strong incentive to purchase a ZEV rather than a 

combustion vehicle. 

Although not a comprehensive global assessment, this review of light-duty incentive programs in 22 

leading governments provides some insights into the prevalence of different specialized incentives. 

Seven jurisdictions offer enhanced incentives for lower-income consumers, six have incentives for 

taxi fleets, three have scrappage programs, and four have an income-cap eligibility requirement. 

To manage public financial resources more effectively and make incentive programs more durable, 

the majority of the governments studied have set a price cap for eligible vehicles ranging from 

$40,000 to $70,000 USD. Austria is the only jurisdiction studied that proposes a carbon footprint-

based incentive (as described earlier in this report). As of the end of 2023, Germany, Maryland, 

Massachusetts, and New Jersey have excluded PHEVs from their programs. Germany made 

this decision based on evidence of higher real-world emissions from PHEVs (Germany, Federal 

Government, 2022). In addition to private cars, businesses are typically eligible for light-duty ZEV 

incentives in the programs studied. 

Table 4 provides examples of several incentive design features incorporated in light-duty incentive 

programs in ZEV Alliance jurisdictions. These include eligibility restrictions for incentives; bonuses 

for priority groups; and tax incentives for vehicle purchase, ownership, and corporate use. The 

incentive programs listed were selected to illustrate possible design options and are not meant to 

identify policies as the best example within their category. 
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Table 4 Examples of incentive design features implemented by International ZEV Alliance governments

Category
Incentive 

characteristic Government Description Reference

Eligibility 
restriction

Vehicle price 
cap

Canada

Base model must be under CA$55,000  
for cars and $60,000 for pickup trucks, 
vans, and SUVs; trims of up to $10,000 
above these limits allowed

Transport 
Canada (n.d-c.)

Income limits
British 
Columbia 
(Canada)

Full incentive available for individuals  
with income below CA$80,000; no 
incentive available for individuals with 
income above $100,000

BC Hydro. 
(n.d.)

Renewable 
energy 
requirement

Austria

To receive €5,000 incentive, purchasers 
must certify that they have a contract  
for 100% renewable electricity to charge 
the vehicle

Austria, 
Climate and 
Energy Fund 
(2023a)

Priority 
groups

Disadvantaged 
community 
bonus

Connecticut
Extra $2,000 for ZEV purchased by 
low-income resident or resident of an 
environmental justice community

Connecticut 
Department 
of Energy and 
Environmental 
Protection 
(n.d.-b)

Higher 
incentive for 
priority fleet

Baden-
Wúrttemberg 
(Germany)

€3,000 for ZEV purchased for taxi or  
car-sharing fleet

Baden-
Württemberg 
Ministry of 
Transport 
(2023)

Canada
Car-sharing fleets may claim up to  
50 incentives annually, as opposed to  
10 for other businesses

Transport 
Canada (n.d.-c)

Tax 
incentive

Purchase tax 
discount

Norway

ZEVs pay 25% value-added tax only 
on share of price above NOK 500,000 
(US$47,000); previously exempted from 
all VAT until 2022

Norwegian EV 
Association 
(2023)

Operation tax 
discount

Chile

ZEVs pay no annual circulation tax  
for first 2 years, 75% discount for years  
3–4, and 25% discount for years 5–6  
after purchase

Ley Núm 21505 
(2022)

Company car 
benefit

United 
Kingdom

ZEVs and long-range PHEVs pay 
2% benefit-in-kind tax; ICE cars pay 
15%–37%

United 
Kingdom 
Government 
(n.d.-b)
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Principles for adapting incentives over time
As this review of incentives in leading markets demonstrates, governments have frequently 

changed the value of incentives as well as the eligibility criteria in response to market conditions 

and financial pressures. Policymakers making such changes typically seek to balance the needs of 

a dynamic market within a limited budget while avoiding creating confusion for consumers. This 

section offers strategies for adapting incentives in a predictable and evidence-based way, building 

on recent research and observed best practices, which can be applied to light-duty and medium- 

and heavy-duty ZEV incentive programs. These include aligning incentive values to the premium in 

ZEV cost, using bonus-malus systems to make programs revenue-neutral, and connecting incentive 

phase-out timelines to ZEV targets and regulations. These principles can be applied together or 

separately and can be tailored to different jurisdictions’ vehicle markets and taxation systems.

Alignment with ZEV price premium
Continued improvements in battery and electric vehicle technologies, along with reduced prices, 

lead to key questions about how quickly EVs will reach upfront price parity with conventional 

vehicles and about the optimal timing and design by which financial incentives can be phased 

down. At the same time, as EV volumes proliferate, governments may face questions about when 

incentive programs become too costly and how long they are needed to sustain market growth. 

Because purchase incentives work to overcome the higher upfront cost of EVs, a detailed analysis 

of the expected timing of purchase price parity can potentially inform government decision-

making for their incentive programs. In addition, analyzing the relative electric and conventional 

vehicle operating costs for first owners is also important to understanding the value proposition for 

prospective electric vehicle buyers. In this paper, total cost of ownership (TCO) is used to denote 

all costs for the first owner of a new vehicle (including purchase and financing, fueling or charging, 

maintenance, and relevant infrastructure) over 6 years for light-duty vehicles and 5 years for heavy-

duty vehicles; it does not represent costs over the entire lifetime of the vehicle.

Light-duty ZEVs

A 2022 ICCT study analyzed average BEV, PHEV, and conventional vehicle prices in the United States 

for cars, crossovers, SUVs, and pickup trucks from 2022 through 2035 (Slowik et al., 2022). The first-

owner TCO assessment considered a 6-year ownership period and included fuel and maintenance 

costs, taxes, and costs for home charging equipment for EVs. Based on a detailed bottom-up vehicle 

component-level cost analysis, the study found that purchase price parity will be achieved before 

2030 for BEVs with up to 300 miles of range in all light-duty vehicle classes and that first-owner 

6-year cost of ownership parity is reached several years before initial upfront purchase price parity. 

Figure 2 shows the average incremental upfront and ownership costs for average new 300-mile 

range BEVs compared to their combustion counterparts, based on Slowik et al. (2022). The average 

BEV values represent a new sales mix of cars (27%), crossovers (35%), SUVs (23%), and pickup 

trucks (15%) that is consistent with the share of new U.S. light-duty vehicle sales of model year 2020. 

The figure shows new 300-mile range BEV cost parity with combustion engine counterparts is 

expected around 2024 based on a 6-year TCO, while cost parity for the initial upfront purchase price 

is expected around 2028. Not shown: 300-mile range electric cars and crossovers are projected to 

reach price parity 1 year earlier than the average results shown here, while 300-mile range pickup 

trucks are modeled to reach upfront price parity about 1 year later (see Slowik et al., 2022). Also not 

shown: shorter-range 200-mile BEVs are projected to reach price parity about 2 years sooner than 

300-mile range BEVs, while 400-mile BEVs tend to reach parity about 2 years later.
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Figure 2 Incremental cost difference for purchasing and owning a BEV in the United States versus an equivalent 
combustion engine vehicle

Cost parity with equivalent ICE vehicle
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Falling battery and electric vehicle costs and the prospect of upfront price parity provide 

governments an opportunity to consider reducing or phasing out purchase incentives. 

Although there are other market barriers to widespread electric vehicle uptake, achieving cost 

competitiveness on a first-owner or upfront purchase-price basis means that incentives are no 

longer needed to tip the consumer economic value proposition in favor of EVs. 

As they balance competing financial and political objectives, some governments may align their 

programs with parity on a first-owner total cost of ownership basis, while others on an initial upfront 

purchase price basis. Though not extensive, research in the United States and Europe identified a 

tendency for consumers to not sufficiently consider future fuel costs when choosing a new vehicle 

(Gillingham et al., 2019; Nicolle, 2022; National Academies of Sciences, Engineering, and Medicine, 

2021). This suggests that timelines to phase down incentives would ideally be extended to align 

with purchase price parity, rather than total cost of ownership, to steer purchase decisions for 

consumers that undervalue fuel savings. 

Heavy-duty ZEVs

Medium- and heavy-duty ZEVs are subject to similar dynamics in terms of upfront cost and TCO, 

although these markets are at a much earlier stage, particularly for the largest truck segments. In 

contrast to light-duty vehicles, where BEVs are the dominant zero-emissions technology, there 

are still multiple technology pathways in play for heavy-duty ZEVs, which may see cost parity at 

different points for different applications.

Basma and Rodríguez (2023) assessed vehicle cost trends and TCO for heavy-duty vehicles in 

Europe. The study looked at applications ranging from medium-duty urban delivery to long-haul 

cross-border tractor-trailer trucks and considered eight powertrain/fuel options: diesel, e-diesel, 

battery electric, hydrogen fuel cell, hydrogen ICE, hydrogen-diesel dual fuel ICE, hydrotreated 

vegetable oil biofuel, and biogas. For alternative fuel vehicles, the TCO also includes capital costs 

associated with charging or refueling infrastructure, which are amortized into the fuel costs.
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Figure 3 shows the projected 5-year first-owner total cost of ownership (left) and purchase price 

(right) for zero-emission tractor-trailer trucks traveling up to 1,000 km per day, relative to the 

diesel equivalent, for new trucks of model years 2023 to 2035. Three different technologies with 

zero tailpipe CO2 emissions are shown: battery electric, hydrogen fuel cell, and hydrogen internal 

combustion engine. The results show the average costs across Europe; the TCO in some regions will 

be higher or lower than this average depending on fuel costs and driving patterns. Previous analysis 

suggests that TCO parity for battery electric trucks, without incentives, will take place 4 to 5 years 

later in the countries with the most challenging TCO case (Germany and Italy) than the countries 

with the best TCO case (Netherlands and France) within Europe (Basma et al., 2021).

Figure 3 Incremental cost difference for purchasing and owning a ZEV tractor-trailer in Europe versus an 
equivalent diesel truck
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This research illustrates that the cost differential for zero-emission trucks is more complex than 

for cars, owing to the greater variety in segments, use cases, and technology options. However, in 

broad terms, TCO and upfront cost parity is expected to take place later for heavy-duty than for 

light-duty vehicles. Battery electric long-haul trucks in Europe are expected to reach TCO parity 

with diesel around 2026 on average but will not see upfront cost parity until after 2035. Hydrogen 

fuel cell trucks are expected to reach TCO parity in about 2035, assuming a sharp reduction in 

the retail price of hydrogen fuel, whereas hydrogen ICE trucks are not expected to reach TCO or 

upfront price parity prior to 2035. 

The long-haul tractor-trailer trucks depicted in Figure 3 are among the most challenging segments to 

transition to ZEVs in terms of upfront and running costs; most other commercial truck segments will 

be less costly to shift to zero emissions. Basma and Rodriguez (2023) indicate that light-, medium-, 

and heavy-duty regional battery electric trucks with a maximum daily driving distance of 300 km 

had a lower average 5-year TCO than diesel in 2023. Heavy-duty trucks with a maximum daily 

range of 500 km are projected to achieve TCO parity several years earlier than the case shown in 

Figure 3. Particularly when considering the disproportionate emissions contributions of the largest 

truck segments, this suggests that incentives would be sustained for long-haul tractor-trailers for a 

longer time than for shorter-range light- and medium-duty trucks and vans. Some niche vocational 

vehicles, such as for construction and industry, may also take longer to become cost-competitive 

due to their unique power needs and low scale of production; these vehicles could be candidates for 

more sustained funding. Governments may choose to apply a similar logic for light-duty vehicles and 

maintain subsidies for larger and longer-range vehicles that reach cost parity later. 

Funding incentives sustainably with polluter-pays principle
Bonus-malus programs, also referred to as feebates, enable fund programs to be managed in 

a fiscally neutral way while also discouraging purchases of inefficient, polluting vehicles. Such 
programs operate by imposing a fee (or malus) on new vehicles proportionate to their CO2 

emissions, which generates revenue to support an incentive (bonus) for purchasing or leasing 

low- or zero-emission vehicles. The fee placed on conventional vehicles creates a disincentive for 

purchasing conventional vehicles, while the bonus makes ZEVs more affordable and attractive. 

Feebate programs can be designed to be financially self-sustaining, with no net impact on public 

finances, or revenue-generating, although the bonus and malus amounts and thresholds may have 

to be adjusted on a regular basis. In 2023, such mechanisms were in operation in France, New 

Zealand (since discontinued), Sweden, and Singapore (Wappelhorst, 2022). 

Because bonus-malus programs provide their own revenue source, they may be better insulated 

from short-term budgetary pressures and provide stability for the mid-term transition to ZEVs. This 

could help jurisdictions meet longer-term ZEV targets in the 2030s, at which point light-duty EVs 

will likely have upfront cost parity. A feebate would also allow for ongoing stimulation of the EV 

market beyond the point of cost parity to ensure that ZEV targets are met.

There are other options for funding ZEV incentives through polluter-pays mechanisms. For example, 

the low-carbon fuel standard in California provides credits for low-carbon fuels, including electricity 

used for ZEVs, which can be sold on a marketplace. Four utilities in California used the revenue 

generated from these credits to provide incentives for ZEVs, including for purchases of used ZEVs 

and drayage trucks, and for help financing truck purchases for small fleets (California Public Utilities 

Commission, n.d.). Incentives could also be funded by carbon taxes or cap-and-trade programs in 

jurisdictions where they exist. Because ownership costs are an important factor in vehicle purchase 

decisions, particularly within the heavy-duty sector, carbon taxes or fees targeted toward the 

most polluting vehicles could have a positive influence on ZEV uptake, regardless of whether the 
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revenues generated are invested in ZEV incentive programs. Imposing additional costs without 

offering a bonus for ZEVs could be more politically challenging and potentially be regressive, 

particularly for drivers and businesses that rely on vehicles and have limited access to capital, 

suggesting a complementary role for targeted financial support programs.

Tolling programs that charge higher rates for ICE vehicles and low- or zero-emission zones in 

cities could act as an ongoing incentive for ZEV drivers while also generating revenues that could 

fund other ZEV programs. However, such programs may burden low-income drivers, suggesting 

that these revenues could be used to promote broader access to lower-cost ZEVs, particularly for 

disadvantaged communities and small fleets. 

Connecting incentives to regulations to limit expenditures
In addition to using incentives as efficiently as possible, governments are also motivated to keep 

incentive program budgets consistent and predictable. This is a challenge in early market stages 

when ZEV uptake can grow rapidly from a low baseline; incentive program funding has been 

exhausted earlier than expected. However, as the ZEV market has matured, many governments 

have set annual benchmarks or binding regulations for ZEV sales. This represents a different 

paradigm for the economics of the ZEV transition and the planning of complementary policies. 

It remains to be seen if or how newly introduced sales regulations may impact pricing as 

manufacturers continue to increase supply, particularly when elevated interest rates impact the 

overall affordability of EVs. There is some evidence that ZEV regulations support economies of 

scale that help bring down the costs of batteries and other ZEV components, resulting in savings 

for consumers and a cycle of market growth (Slowik et al., 2022). On the other hand, it is possible 

that individual manufacturers may struggle to meet targets in a jurisdiction and thus choose to 

reduce overall vehicle sales and increase prices to compensate, leading to higher prices for specific 

models in the near term. Regardless of these dynamics, the greater predictability in ZEV market 

development afforded by such regulations can help in forecasting and planning overall incentive 

expenditures while also providing additional support for the early market.

Figure 4 provides an example of how incentive values could be gradually reduced in alignment 

with increasing ZEV sales shares in the United Kingdom. The targets in the United Kingdom’s ZEV 

mandate for cars are used for this analysis as a proxy for the potential pace of ZEV uptake in a 

market committed to reaching 100% ZEV sales in 2035. For simplicity, this analysis also assumes 

that total new car sales remain constant over the 2023–2035 period. 

Two scenarios are considered. The annual bonus-malus scenario assumes that incentives are 

funded through a bonus-malus model, where every non-ZEV sold would contribute US$2,000 to 

a fund that would be redistributed for ZEV incentives within that same year. Because the number 

of non-ZEVs sold each year declines, the bonus value per vehicle declines sharply in this scenario 

from over $8,500 in 2023 to $500 in 2030. The second scenario, a consistent annual budget, 

assumes the same total amount of funds as in the first scenario but these funds are allocated 

equally over each of the 13 years. The incentive per ZEV declines as the number of ZEVs sold each 

year increase. When compared to the bonus-malus scenario, this results in lower incentives in the 

earlier years ($5,100 in 2023) but higher in later years ($1,200 in 2030).
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Figure 4 Example of two incentive-funding scenarios designed to reach a 100% ZEV sales share target
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No jurisdictions have yet tied ZEV incentive values directly to sales requirements, but several 

jurisdictions have connected incentives to regulations and market milestones. New Zealand created 

its Clean Car Rebate bonus-malus scheme in 2022 alongside its Clean Car Standard CO2 regulation. 

To ensure that the rebate scheme remained self-financing, the rebates and fees were regularly 

updated as the standards pushed emissions from new vehicles downward. In the July 2023 update, 

rebates for BEVs decreased from NZ$8,625 to NZ$7,015 while fees for highly polluting vehicles 

were increased (New Zealand Transport Agency, 2023). The bonus-malus system was canceled 

in late 2023 under a new government, although the Clean Car Standard remains in effect (New 

Zealand Transport Agency, 2023). 

The government of the Netherlands aims for all new cars to be ZEVs by 2030. Each year, incentives 

can be modified depending on whether ZEV uptake is above or below the government’s forecasts 

toward its 2030 target, as well as data on EV prices and technical specifications (Kok et al., 2022). 

In 2022, the following modifications to incentives were made: the maximum discount available for 

taxes on EVs registered to businesses was reduced, subsidy values for privately purchased ZEVs 

were gradually reduced over 2022 to 2024, and subsidies were set to phase out in 2025 rather 

than 2026. At the same time, the budget for private ZEV incentives was increased to enable more 

consumers to claim the incentive. 

Such programs illustrate the potential to update incentives in line with changing market 

conditions to encourage consistent market growth and protect government budgets. However, 

making frequent adjustments can increase uncertainty for consumers and supply chains alike. 

This illustrates the benefit of pairing incentive design with binding annual sales requirements or 

purchase requirements for fleets, to provide confidence and stable market development. 
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Conclusions and recommendations
This research points to the following conclusions on the role of financial incentives in growing the 

light- and heavy-duty ZEV market over the coming decade.

In many markets with high ZEV sales shares, incentives for zero-emission cars are trending 
downward, while incentive programs for zero-emission trucks are expanding. As the light-duty 

ZEV market has grown, governments have adjusted their zero-emission car incentive programs 

with a general view toward gradually reducing incentive value, tightening eligibility, and targeting 

challenging segments. Leading markets like China, the United Kingdom, and California have ended 

or announced the end of some mainstream incentive programs. However, the pattern is not universal: 

for example, the United States has announced its intention to continue incentives until 2032. The 

heavy-duty market is at a much earlier stage, and most governments as of 2023 are creating and 

expanding their incentive programs with no stated timelines for their eventual phase-out.

For light-duty ZEVs, 6-year total cost of ownership parity is rapidly approaching, and upfront 
price parity is expected in the late 2020s, indicating a timeline for phasing down incentives for 
the mass market. Despite the uncertainty and short-term fluctuations triggered by high interest 

rates, supply chain issues, and the introduction of new regulations, ZEV prices continue to decline. 

Some segments of cars and vans are already cheaper to own and operate over a 6-year period due 

to their ongoing fuel and maintenance savings; remaining segments are expected to reach 6-year 

TCO parity in the mid-2020s. However, upfront price parity is expected somewhat later in the late 

2020s as underlying technologies continue to improve. Evidence suggests that drivers tend to 

prioritize upfront price above running costs. Therefore, to encourage consistent market growth, 

incentives (potentially declining in value) could be sustained at least until TCO parity for the first 

owner is reached, and ideally until upfront price parity, where budgetary conditions allow.

Medium- and heavy-duty ZEVs are declining in cost, but diverse market needs and higher costs 
suggest that incentives may need to be more nuanced and put in place for longer. The variety of 

vehicle sizes and duty cycles means that the range of 5-year TCO parity for heavy-duty ZEVs will be 

wider than for light-duty ZEVs, and upfront price parity may not take place until well into the 2030s, 

particularly for the heaviest segments. However, because fleet operators are sensitive to ownership 

costs, it may be sensible to phase down incentives for medium- and heavy-duty ZEVs as first-owner 

TCO parity is reached, although costs for infrastructure, grid maintenance, and staff training should 

also be considered. 

As broad incentives decline, governments may use more targeted programs to make the ZEV 
transition more equitable and maximize environmental benefits. Even as incentive programs 

are phased down for mainstream consumers, more targeted incentives with tightened eligibility 

criteria can shape the development of the ZEV market. For example, governments can offer 

incentives exclusively for low-income drivers, or for small fleets of commercial vehicles, to 

ensure that ZEVs and their benefits flow to those who were left out of the first phases of the ZEV 

transition. Governments may also design incentives to maximize the near-term environmental 

benefits of ZEVs, such as by directing ZEVs to high-mileage drivers and applications, or by offering 

incentives only for vehicles meeting specific sustainability criteria. Some provisions, like larger 

incentives with requirements to scrap older, polluting vehicles, may further both environmental 

and social goals. 
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Linking incentives to ZEV regulations or targets and using polluter-pays funding mechanisms can 
provide greater certainty for consumers, manufacturers, and governments. Incentive programs 

have been successful in boosting ZEV uptake, but limited government budgets and inconsistent 

availability of ZEVs have led to programs being frequently exhausted or modified. Designing ZEV 

incentive programs as a part of EV strategies, ideally alongside binding ZEV targets, can allow for 

greater predictability in incentive cost and durability. Linking incentives to targets could also enable 

governments to gradually reduce the value and tighten eligibility for incentives as the market expands, 

ensuring that limited funds are prioritized to high-priority groups when they are most needed.

While this work identifies important lessons on the design of financial incentives, it also points 

to opportunities for additional research relevant to the TCO for ZEVs. Beyond purchase price or 

depreciation, the TCO for BEVs is also influenced by the cost of charging and the capital cost of 

charging infrastructure. Further research could explore opportunities for policies to reduce these 

costs and could attempt to determine the relative benefit of subsidizing charging infrastructure 

compared to ZEVs. Furthermore, in the interim period between TCO parity and upfront cost parity 

with combustion engine vehicles, additional work is needed to evaluate scalable financing models 

and whether regulatory changes are needed to enable the widespread use of these models for 

increasing ZEVs in fleets. A similar analysis may be useful for informing policy around other vehicle 

segments not discussed in this report, like 2- and 3-wheelers and vocational vehicles.

Finally, making ZEVs cost-effective compared to conventional vehicles is necessary but not 

sufficient by itself to accomplish the ZEV transition at the pace required to meet climate targets. 

A complete ZEV transition also requires the availability of attractive ZEV models across many 

segments, brands, and applications; convenient charging infrastructure at homes, workplaces, and 

public settings; and awareness about ZEVs’ benefits and capabilities. With the right mix of well-

designed, predictable incentives, regulations, and complementary policies, a smooth and just ZEV 

transition and its myriad benefits remain within reach.
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Appendix
The governments of the ZEV Alliance have adopted a wide variety of programs to make zero-emission passenger vehicles less costly. These 

programs, as they existed on January 1, 2024, are summarized in Table A1. Although tax discounts were not the focus of this research, they are 

included in this table as they represent an important incentive in some markets, particularly in Europe. In contrast, some U.S. states have adopted 

extra fees for zero-emission vehicles, typically assessed on an annual basis, to contribute to government budgets in lieu of fuel taxes; these are 

indicated in red. For the tax discount columns, “N/A” indicates that this form of tax is not levied by that government. Unless otherwise noted, the 

incentives apply only to BEVs and FCEVs. Finally, due to funding limitations, some of the programs listed below may be temporarily unavailable.

Table A1 Passenger car ZEV incentives in ZEV Alliance jurisdictions

Jurisdiction

Private car incentives Approaches for targeted incentive Vehicle tax and fee discounts Source

Program
Incentive 

value Vehicle price cap
Income  

cap
Low-income 

bonus
Taxi / car 
sharing Scrappage

Purchase tax 
discount

Annual tax/fee 
discount

Company car tax 
discount

Austria

E-mobility 
for private 
individuals 
2023

BEV: €5,000 
PHEV: 
€2,500

€60,000 No No Up to €2,000 No

Exempt 
from fuel 
consumption/
pollution tax 
(NoVA)

Exempt from 
engine-related 
insurance tax

VAT exemption 
(20%); exempt from 
benefit-in-kind 
tax; tax allowance 
up to 15% of EV 
investments

Austria, Climate  
and Energy  
Fund (n.d.)

Baden-
Württemberg

State Initiative 
III Market 
Growth Electric 
Mobility BW

BEV:  
€1,000 €65,000 No No €3,000 (taxi, 

car sharing) No N/A N/A N/A
Baden-Württemberg 
Ministry for Transport  
(n.d.)

British 
Columbia

CleanBC Go 
Electric

BEV: Up to 
CA$4,000  
PHEV: Up to 
$2,000

CA$55,000 (cars), 
CA$70,000 (SUVs,  
trucks)

Up to CA 
$100,000 

Highest 
rebates for 
incomes 
below  
CA$80,000

No No
Used ZEVs 
exempt from 
12% sales tax 

No N/A BC Hydro  
(n.d.)

California

Clean Cars 4 All 
– new program 
to be revealed 
in 2024

Up to $7,500 TBD TBD TBD N/A

Up to 
$12,000, 
only for 
low-income 
households

No $100 additional 
fee N/A California Air Resources  

Board, 2023

Canada

iZEV, temporary 
enhanced first-
year capital cost 
allowance rate

BEV and 
PHEV: Up to 
CA$5,000 

CA$55,000 (cars) 
–$60,000 (pickups, 
vans, and SUVs) 
and trims of up to 
$10,000 above these 
limits allowed

No No

Temporary 
enhanced 
first-year 
capital cost 
allowance 
rate

No No N/A No Transport  
Canada (n.d.-c)

Chile Law No. 21,505, 
Mi Taxi Eléctrico No No No No

Up to CLP 
$16,000,000,  
in select  
regions

No No

BEV, PHEV 
annual road tax 
exemption (2 
years), discount 
(6 years)

N/A Ley Núm  
21505 (2022)

Connecticut

CHEAPR 
Standard 
and CHEAPR 
Rebate +

BEV:  
$2,250 
PHEV:  
$750

No Yes

Extra $2,000 
for BEV and 
$1,500 for 
PHEV

No No No

Reduced 
biennial 
registration fee 
of $38 vs. $120

N/A

Connecticut Department 
of Energy and 
Environmental Protection 
(n.d-b)
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Jurisdiction

Private car incentives Approaches for targeted incentive Vehicle tax and fee discounts Source

Program
Incentive 

value Vehicle price cap
Income  

cap
Low-income 

bonus
Taxi / car 
sharing Scrappage

Purchase tax 
discount

Annual tax/fee 
discount

Company car tax 
discount

Costa Rica Law 
No. 9518 N/A No No No Yes No

Full tax 
exemption  
on BEV

Substantial 
discount 
on annual 
circulation tax

N/A Ley No.  
9518 (2018)

Maryland
Excise Tax Credit 
for Plug-in 
Electric Vehicles

BEV: Up to 
$3,000 $50,000 No No No No No No N/A Maryland, Motor Vehicle 

Administration (n.d.)

Massachusetts
MOR-EV 
standard and 
MOR-EV +

BEV:  
$3,500

$60,000 for new car, 
$40,000 for used 
car 

Yes Yes No No No No N/A

Massachusetts 
Department of Energy 
Resources & Center 
for Sustainable Energy 
(n.d.-a)

Netherlands SEPP 
BEV and  
PHEV:  
€2,950 

From €12,000 to a 
maximum €45,000 No No

No (private 
individual  
only)

No
Exempt from 
registration 
tax

No road tax 
until 2025; 75% 
discount in 2025

17% reduction  
in benefit-in-kind tax

Netherlands Enterprise 
Agency (n.d.-b)

New Jersey Charge Up  
New Jersey

BEV: Up to 
$4,000

$45,000 for full 
incentive, $55,000 
for partial incentive

No No No No No No N/A “Save money on your  
EV and charger” (n.d.)

New York Drive Clean 
Rebate

BEV and 
PHEV: Up 
to $2,000 
(depending 
on electric 
range)

$42,000 No No No No No No N/A
New York State Energy 
Research and Development 
Authority (n.d-b)

Norway Tax exemption N/A 500,000 NOK N/A N/A No No

Reduced 
purchase tax 
and exempt 
from VAT

No No Norwegian EV  
Association (2023)

Oregon 

Standard 
Rebate and 
Charge Ahead 
Rebate

BEV and 
PHEV: Up to 
$2,500

$50,000 Yes Extra  
$5,000

Eligible to 
business No No

$0.019/mile or 
$115 additional 
annual fee

N/A
Oregon, Department of 
Environmental Quality  
(n.d.)

Québec Roulez vert 
program

BEV: Up to 
CA$7,000 
PHEV: Up to 
CA$5,000 

 CA$65,000 No No Eligible to 
business No No

Exempt from 
additional 
fee for luxury 
vehicles

N/A Government of Québec  
(n.d.)

Rhode Island
DRIVE, DRIVE 
+ and DRIVE 
Fleet 

BEV: Up 
to $1,500

$60,000 for new 
vehicle; $40,000 for  
used vehicle

Yes Yes No No No N/A N/A Rhode Island, Office of 
Energy Resources (n.d.)

United 
Kingdom

Plug-in Taxi 
grant N/A N/A N/A N/A

20% discount, 
up to £7,500 
for ultra-low 
emission taxis

No No No
75%–95% discount 
on benefit-in-kind 
tax

United Kingdom  
Government (n.d.-b)

Vermont

Incentive 
program and 
Replace Your 
Ride program

BEV: Up to 
$5,000 
PHEV: Up to 
$3,000

$50,000  $150,000 
household

50% of 
incentive 
available over 
threshold

No Up to  
$5,000 No No N/A Vermont, Agency of 

Transport (n.d.)

Washington Excise tax  
credit N/A New BEV: $45,000 

Old BEV: $30,000 N/A No No No
Exempt up 
to $16,000 in 
sales tax

$150 additional 
annual fee N/A

Washington, State 
Department Revenue  
(n.d.)

Notes: VAT = value-added tax. All currency in USD unless otherwise specified.
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