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Driving the Market for Plug-in Vehicles:
Understanding ZEV Mandates

Scott Hardman, Alan Jenn, Jonn Axsen, George Beard, Erik Figenbaum, Sten Karlsson, Daniel Sperling, Frances
Sprei, Tom Turrentine, Bert Witkamp

1. Existing research into the supply side regulations for Plug-in electric Vehicles (PEVs) is mostly focused on
the California Zero Emission Vehicle (ZEV) mandate, or similar policy in other regions.

2. The mandate has had a positive impact on innovation activity with original equipment manufacturers
(OEMs) increasing research and development , forming partnerships, and filing electric vehicle related
patents.

3. Research findings indicate an association between increased ZEV sales and presence of a ZEV mandate,
though it is difficult to determine causality.

4. The California ZEV mandate appears to have met its goals of accelerating industry investment in ZEV
technology, discouraging industry procrastination, establishing initial supply chains, and signaling to the
many related companies and governments that they should be engaging sooner and more deeply with the
transition to ZEVs.

5. Regions without ZEV mandates may want to consider implementing such a regulation to similarly signal
their intent to accelerate the transition to ZEVs.

6. Studies show that a stringent ZEV mandate has the potential to reduce greenhouse gas and criteria
emissions from passenger transport.

7. Policymakers need to carefully plan a ZEV mandate and how it interacts with other policies regulations
and initiatives, to avoid duplications or conflicting policy mechanisms, reduce disruptions, and help build the
larger ZEV ecosystem of investments and actions.
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Plug-in Electric Vehicles (PEVs), which include battery
electric vehicles (BEVs) and plug-in hybrid electric
vehicles (PHEVs), are more efficient and less polluting
than conventional vehicles. PEVs have the potential
to reduce urban air pollution and greenhouse

gas (GHG) emissions if they are deployed in large
numbers and are coupled with clean sources

of electricity. To increase PEV market share, a
number of market-focused and supply-focused
regulatory mechanisms are needed. Market-focused
mechanisms include vehicle charging infrastructure,
incentives, and consumer education. Examples of
supply regulations include fuel economy standards,
vehicle emissions standards, and low-carbon fuel
standards. This brief focuses on zero emission
vehicle (ZEV) mandates.

A ZEV mandate requires automakers to produce
and/or sell ZEVs in a given region, subject to fines
for non-compliance. California adopted its ZEV
mandate in 1990, and has regularly updated the
regulation to accommodate changing market
conditions, technology readiness, and evolving
goals. Several other U.S. states have joined California
in adopting the ZEV mandate, and are collectively
with California called "ZEV States”” A ZEV mandate
was also adopted in the Canadian province of
Quebec in 2016, via the ZEV Act (MDDELCC, 2016).
Further, China has recently implemented its own
"new-energy vehicle” (NEV) mandate fashioned after
California’s ZEV mandate.

This brief summarizes the policies as currently in

place in California and China, discusses the available
evidence on the potential benefits and drawbacks of
a ZEV mandate, and concludes with lessons learned.
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California’'s ZEV Mandate

The ZEV requires automakers to deliver for sale a
minimum number of ZEVs each year (the required
number is based on the total number of vehicles
they sell) or face compliance fines ($5,000 for

every ZEV they do not produce). The requirement

is actually a credit requirement; when original
equipment manufacturers (OEMs) produce a ZEV,
they receive credits which they can use to meet their
requirement. The regulation includes flexibilities

that allow OEMs to produce different kinds of ZEVs,
including PHEVs, BEVs, and fuel cell vehicles (FCVs),
which earn different credit amounts based on vehicle
characteristics. OEMs can bank excess credits to use
in later years to meet their growing requirement or
sell them to other OEMs. For example, Tesla (which
only produces BEVs), can sell all of their credits to
other OEMs.

NEV Regulation in China

In September 2017, China’s Ministry of Industry and
Information Technology finalized their New Energy
Vehicle (NEV) Regulation. NEVs include PHEVs, BEVs,
and FCVs. The regulation currently sets requirements
for the number of NEVs sold in 2019 and 2020, and
sets targets for 2021 to 2025. Table 1 outlines the key
differences between the China NEV mandate and
California ZEV mandate.
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California ZEV
Program

China NEV Regulation

Regulated OEMs

OEMs that sell more
than 20,000 vehicles
per year

OEMs that sell more
than 30,000 vehicles
per year.

Credits*

7% in 2019
9.5% in 2020
7-12% by 2025

10% in 2019
12% in 2020
20% in 2025

Can credits be saved
for future years?

Yes, with limitations

No, with the
exception of 2019 to
2020

Technological
Specificity

Certian portions of
requirement must
be pure ZEV (BEV or
FCV)

Any of the three
drivetrains can be
used for compliance
(no maximum)

Credits per vehicle
sold

04to4

1to6

Table 1: Key differences between the California ZEV
program and the China NEV Regulation. 'OEMs must
achieve a certain percent of their sales in credits. As

credits per ZEV or NEV sold can exceed 1 the number of

ZEVs or NEVs actually produced may not equal the
percentage credit requirement.

It is difficult to isolate the impacts of a ZEV mandate
for several reasons. First, there are only a handful
of examples of ZEV regulations globally. Second,

its intended impacts are on the private sector

(OEM innovation activity), which typically does not
make data available for competitive reasons. Third,
because ZEV programs are meant to induce long-
term effects, a retrospective examination is very
challenging. Despite these challenges, a growing
body of research has begun to evaluate the various
ZEV regulations, including studies that model
system dynamics to anticipate the potential long-
term effects of a ZEV mandate. This brief draws
from these studies to summarize evidence of how a
ZEV mandate can stimulate ZEV innovation activity,
increase ZEV model availability and sales, and
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contribute to long-term GHG and criteria emissions
abatement goals. It also evaluates the costs of

the ZEV mandate and how it interacts with other
policies.

Impact on Innovation Activity

Policy can influence industry innovation activity.
Measures of industry innovation activity include R&D
funding of ZEV technology, filing of ZEV-related
patents, making prototypes available, and private
companies forming partnerships. Because changes
in such activities must be observed over several
years, evidence can only really be inferred from
California’s ZEV mandate (China’s and Quebec’s

are too new). Several researchers have found that
California’s ZEV mandate has effectively influenced
how automakers channel their ZEV technology
innovation activities, leading to increased patent
activity [18], the development of vehicle prototypes
[13], and private companies forming partnerships [5].
Figure 2 shows the number of patents filed by OEMs
and the increase in activity after the introduction

of the ZEV mandate. In California this activity also
lead to positive impacts on the economy, including
increased employment and increased investment in
companies in the state [2].

Impact on ZEV Availability and Sales

The ZEV mandate encourages OEMs in regulated
regions to make more ZEVs available and to market
them more heavily. It is difficult to isolate the effect of
the ZEV mandate, given that regions also have other
ZEV-supportive policies in place (e.g. incentives,
deployment of chargers). However, research has
found that US states with a ZEV mandate tend to
have a greater number of ZEV models available, and
higher ZEV sales than other regions [12]. A North
American modelling study found that regions with

a ZEV mandate could trigger higher long-term ZEV
sales compared to non-regulated regions [17].
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Figure 1: Change in number of patents filed for ‘electric vehicles’ from 1976 to 2010 [18].

Other modelling studies also show the potential
long-term effectiveness of a ZEV mandate on ZEV
passenger vehicle sales [8,11]. The presence of a
mandate may also increase the likelihood that
automakers supply PEVs to that region.

Impact on Emissions

Studies indicate that ZEV adoption could be an
important component of achieving deep 2050 GHG
reduction targets—where such vehicles would have
to make up 90% or more of passenger vehicles by
2050 [7,19,23]. Several modelling studies find that

a ZEV mandate could play an important role in
achieving long-term (2050) GHG reduction targets in
the passenger vehicles sectors [9,17]. Research also
shows that increasing sales of PEVs reduces criteria
emissions [3,4,22].

Policy Interactions

It is important to note how a ZEV mandate may
interact with other ZEV-supportive policies. On a
positive side, policies that offer consumers financial
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incentives to buy ZEVs, or that support PEV charger
deployment can help OEMs to comply with ZEV
mandate targets. However, some interactions can
have perverse impacts in the short run (the next
5-10 years). As one U.S.-specific example, under the
current vehicle GHG emissions and fuel economy
standard (or CAFE) requirements, emissions of
conventional vehicles could increase if OEMs sell
more PEVs (in the 2019-2025 time frame of the
policy), because the standard is based on fleetwide
average emissions [9,10].

The Costs of a ZEV Mandate

Different types of policies impose costs—or
impacts—to social welfare. Some analyses suggest
that a ZEV mandate is costlier than a technology-
neutral policy, such as a carbon tax [6]. However

a strong carbon tax is not politically acceptable

in many regions [15,16]. A ZEV mandate can

induce higher ZEV sales than a financial purchase
incentives-only policy, with much lower government
expenditure [1].



INTERNATIONAL EV POLICY COUNCIL
Other Research Findings

Wesseling [20,21] followed OEMs' political strategies
on the California ZEV mandate between 1990 and
2013. Initially, the researcher found, OEMs were
mostly against the regulation and lobbied for
reductions. Over time, however, perhaps due to
advancements made in technology, OEMs' stance
shifted to being more accepting of the program,
though they did lobby for adjustments. Other
researchers have also suggested that OEMs and oil
companies lobbied for reductions in the mandate
[5,14].

Evidence of the impact of supply-side regulations is
currently limited. It can be drawn from retrospective
studies of the California ZEV mandate and modeling
of the potential long-term effects of a ZEV mandate
in California and other regions. The California
program appears to have met its goals of fostering
technology innovation and development; in the
early days of the mandate this was seen in increased
R&D activity, increased patent filings, and OEMs
forming partnerships. This activity eventually lead

to BEVs and PHEVs being commercial products

and today there are 46 PEVs for sale in the United
States (as of mid-2018). Modeling research suggests
that a stringent and well-designed mandate

can substantially contribute to GHG and criteria
emissions reductions, though policymakers will need
to take care to avoid negative interactions with other
regulations. Although a ZEV mandate regulation
does appear to have higher social welfare costs than
a carbon tax, it may be more politically acceptable
in most regions, and more likely sends a clear
transformative signal to industry.
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This policy brief is part of a series of briefs. Each
brief concentrates on a specific aspect of PEVs.

The following briefs are available:

1. Lessons from the California ZEV Program

2. Understanding Financial Purchase Incentives

3. Understanding Reoccurring Incentives

4. Increasing Consumer Awareness and Knowledge
5. Developing Charging Infrastructure for Consumers

Briefs are available at: https.//phev.ucdavis.edu/interna-
tional-ev-policy-council-policy-briefs/
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