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EXECUTIVE SUMMARY
For California to be at the forefront of the fight against climate change, the state must confront the huge pollution source
that’s zipping along roadways all around us: passenger vehicles. Despite some important steps to clean up the automobile,
the daily lives of many Californians still revolve around gas-powered cars, SUVs and pickup trucks — which together emit
30% of the state’s global warming pollution.
To help avoid the fires, droughts, disease and other dangers that are increasingly scarring the globe as warming intensifies,
California’s car culture must become electrified, shifting rapidly to electric vehicles, which emit no tailpipe pollution.
But how fast does this shift need to happen? Let’s look at California’s critical climate goals. A 2018 executive order requires
the state to add no more carbon to the atmosphere than it removes — so-called “carbon neutrality”— by 2045. And in
September 2020, Gov. Newsom issued Executive Order N-79-20, which requires that all new cars sold in California be
zero-emission vehicles by 2035.
In studying three levels of zero-emission vehicle sales in the coming decades, we found only one scenario that gets
California to meet its climate targets and do its fair share to hold global warming to less than 1.5 degrees Celsius above
preindustrial levels: All cars and light-duty trucks sold in the state in 2030 and beyond must run on electricity alone,
and nearly all internal combustion engine vehicles must be off California roads by 2045. This 100% emissions-free
evolution would occur through natural attrition, accelerated by state incentives.
Specifically, we investigated the pollution that would result, and the likely public health implications, as the potential mix of
vehicles powered by electricity or gasoline changes in three scenarios:
(1) Baseline: 2.4 million ZEVs in 2030; 4 million in 2045 (13% ZEV fleet)
(2) 100% sales by 2035: 14.2 million ZEVs in 2035; 27.9 million in 2045 (85% ZEV fleet)
(3) 100% sales by 2030: 10.6 million ZEVs in 2030; 33 million in 2045 (100% ZEV fleet)
Under the Baseline scenario, the path based on current policies, the state would produce nearly 1.8 billion tons of carbon
dioxide, the primary global-warming pollutant, from passenger vehicles between 2020 and 2045. With only 4 million ZEVs
in 2045, 87% of the vehicle fleet would still emit greenhouse gases, amounting to 62 million tons of CO2 in 2045 alone.
Under the “100% by 2035” scenario, cumulative emissions would be cut to 1.2 billion tons, or by 34%, compared to
the Baseline scenario. But if the state instead pursues “100% by 2030” — with 100% total ZEVs on the road in 2045 —
cumulative emissions would be reduced to 922 million tons, or by 48%, compared to the Baseline scenario.
This is ultimately due to the lifetime of gas-powered cars. Because petroleum vehicles can stay on the road for 20 years or
even longer, every year without a 100% ZEV sales mandate means adding to total cumulative emissions. The difference
between putting that mandate in place in 2030 versus 2035 is 256 million tons of CO2 — enough emissions savings to keep
140,000 football fields’ worth of Arctic summer sea ice from vanishing.
Put in place the “100% by 2035” mandate and in 2045 emissions would be 11 million tons of CO2. But they would be near
zero in 2045 with a “100% by 2030” requirement.
Only the “100% by 2030” scenario results in near-zero emissions from passenger
vehicles in 2045 (while minimizing cumulative emissions), so only the “100% by
2030” scenario aligns with the state’s 2045 carbon-neutrality goal. Gov. Newsom
has acknowledged that even 2045 is too late to reach carbon neutrality given the
severity of the climate crisis, so setting California on a path of vehicle electrification
that at least accomplishes that goal is essential.
In addition, speeding up the transition from gas-powered to zero-emission vehicles
would help the state curb emissions of particulate matter, nitrogen oxides, sulfur
oxides and other so-called criteria pollutants that cause smog and lung disease,
among other public health dangers. Between 2020 and 2045, the “100% by 2030”
scenario would save an estimated 277 lives and $2.6 billion in health-related costs
compared to “100% by 2035.”
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The success of the ZEV transition will rest on its benefits being fairly distributed. California’s clean energy programs have often
left under-resourced communities with limited access to the benefits. Yet these communities are most in need as those affected
by long-term environmental injustice, including suffering disproportionate harms from vehicle-related air pollution.
Therefore, in making a ZEV transition, low-income communities and communities of color should be prioritized in
receiving ZEV adoption incentives, charging infrastructure and job opportunities, as well as education to promote
widespread ZEV adoption and the retirement of polluting fossil-fuel infrastructure. These communities must be at the
forefront of receiving the health, social, economic and environmental benefits of a ZEV transition.
The state should therefore set a goal of 100% ZEV sales — ending sales of new vehicles that burn gasoline or diesel fuel —
by 2030. With this bold shift, 10.6 million cars and light trucks on California highways would emit no tailpipe pollution in
2030. California would take a crucial step toward protecting the climate, saving lives and saving money — while setting an
example across the country and cementing its role as a global climate leader.

INTRODUCTION
Transportation is California’s leading source of greenhouse gas (GHG) emissions, accounting for 40% of the state’s total
emissions. GHG emissions from passenger vehicles alone make up 70% of transportation emissions — or nearly 30% of
the state’s total emissions.1 Moreover, air pollution from fossil fuel vehicles has led to critical health harms to communities,
including increases in respiratory illness, premature mortality, lost workdays and myriad environmental harms.2 While
California leads the country with the highest penetration of zero emission vehicles (ZEVs) of any state, with 763,816
total sold between 2011 and 2020, amounting to 4% of new car sales,3 the majority fossil fuel passenger vehicle fleet is not
transitioning at a fast enough rate to meet California’s climate goals or the greenhouse gas emissions reductions necessary
to avoid the most catastrophic climate outcomes.
Much of the impetus for a ZEV transition in California comes from a combination of legislative and executive actions to
address climate change. Two flagship bills were aimed at directly reducing GHG emissions economy wide: AB32, which
called for reductions in GHG emissions to 1990 levels by 2020; and SB32, which calls for reductions in GHG emissions to
40% below 1990 levels by 2030. Following this, California Executive Order S-3-05 calls for a reduction in GHG emissions
to 80% below 1990 levels by 2050. Finally, Executive Order B-55-18 calls for the state “to achieve carbon neutrality as soon
as possible, and no later than 2045, and achieve and maintain net negative emissions thereafter.”4
Given passenger vehicles’ outsized contribution to greenhouse gas emissions, California will have to tackle passenger
vehicles’ emissions to meet its climate goals. Two executive orders issued by former Gov. Jerry Brown were aimed at
pushing a transition to zero-emission vehicles: Executive Order B-16-2012, which created the goal of 1.5 million zero-
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emission vehicles on California roads by 2025, and Executive Order B-48-18, which called for 5 million ZEVs on California
roads by 2030. In September 2020 Gov. Newsom went a step further and issued Executive Order N-79-20, which requires
that all new cars sold in California be zero-emission vehicles by 2035. However, none of these executive orders go far
enough to spur the transition necessary to reach established California climate goals.
Furthermore, California’s currently established climate goals do not constitute the state doing its fair share to limit us to a
1.5°C warming future, so maximizing passenger vehicle fleet electrification is imperative to aligning with a 1.5°C pathway.
The landmark 2018 report from the Intergovernmental Panel on Climate Change made clear the need to limit warming to
1.5°C to avoid devastating climate-change-driven damages.5 Globally 1.5°C pathways require net CO2 emissions to decline
45% below 2010 levels by 2030 and to reach near zero around 2045 or 2050.6
The United States, as the world’s largest cumulative historical emitter and second-largest current emitter, has a
responsibility to make much larger emissions reductions than the global average, both due to its dominant role in driving
climate change and its greater financial resources and technical capabilities. Thus, in order to align with a 1.5°C pathway
and what science, equity and climate justice demand, the United States must reduce its emissions to near-zero by 2040.7
California, representing the largest share of the U.S. economy, must in turn also work urgently toward near zero by 2040
across all sectors.
Gov. Newsom’s executive order for 100% ZEV sales by 2035 is an improvement over former Gov. Brown’s previous
executive orders, but it does not go far enough: It does not even yield near-zero emissions from passenger vehicles in
2045, called for by California’s 2045 carbon neutrality goal, and it does not satisfy the climate science demand of near-zero
emissions by 2040. Gov. Newsom has acknowledged that even 2045 is too late to reach carbon neutrality given the severity
of the climate crisis,8 so setting California on a path that does not even achieve that goal would be irresponsible.
Electrifying the passenger vehicle fleet is the low-hanging fruit given the availability of electric vehicle technology and
should be prioritized in reaching established climate goals. Rather than 100% ZEV sales by 2035, which would yield 85% of
cars on the road as ZEVs in 2045, California should set a 100% ZEV sales mandate by 2030 which, with policies to promote
ZEV adoption, would yield an almost-entirely ZEV fleet in 2045 with near-zero emissions. Given California’s leading status,
such ambition in electrifying its passenger fleet would reverberate through the entire country — and likely the world — to
help bring about an all-electric transportation future.
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STUDY DESCRIPTION
SCENARIOS
For this report three scenarios of ZEV adoption were formulated: a baseline scenario, defined by California’s trajectory
based on current state programs and no ZEV sales mandate; a scenario calling for 100% ZEV sales by 2035; and a scenario
calling for 100% ZEV sales by 2030. The purpose was to determine the added benefit of a 100% sales mandate in 2030 over
the other scenarios. For these three scenarios, estimates of the number of ZEVs and ICEVs (internal combustion engine
vehicles) on California roads were determined for the years 2020 to 2045 along with the cumulative emissions of CO2 and
selected criteria pollutants:
Baseline Scenario: In this scenario the state meets its goal of 1.5 million ZEVs on California’s roads by 2025, as set by
former Gov. Brown’s executive order B-16-2012, but only achieves half of the goal of 5 million ZEVs in 2030, with the
number of ZEVs then gradually increasing to about 4 million ZEVs in 2045. This scenario follows the baseline projection
of electric vehicles in California Air Resources Board’s (CARB) Draft 2020 Mobile Source Strategy (DMSS) document.9
According to the DMSS, the state falls short of its 2030 goal because of a lack of existing support policies.
100% by 2035: In this scenario the state first reaches 70% ZEV sales in 2030, corresponding to about 7.9 million total ZEVs,
and then 100% ZEV sales in 2035, corresponding to about 14.2 million total ZEVs. This puts the state on a path to 27.9
million ZEVs on the road in 2045, or 85% of total passenger vehicles as ZEVs. This scenario follows what is projected in
CARB’s Draft Mobile Source Strategy. 10
100% by 2030: In this scenario the state reaches 100% ZEV sales in 2030, corresponding to about 10.6 million ZEVs. Then,
in 2045, a goal of a 100% ZEV fleet, or 33 million ZEVs, is achieved. This report will later discuss how, considering the
rate of ZEV adoption after 2035 in the “100% by 2035” scenario, if the same rate of adoption were applied after 2030 in the
“100% by 2030” scenario, then a 100% ZEV fleet in 2045 would be attainable.
It is important to note that the ZEV executive orders do not distinguish among battery-electric vehicles (BEVs), fuel
cell electric vehicles (FCEVs) and plug-in hybrid electric vehicles (PHEVs) when referring to ZEVs on the road. For the
purposes of this report, we assume that all ZEV adoption is of BEVs and that the alternative is gasoline ICEVs (to the
exclusion of hybrids). We exclude PHEVs because they still have some tailpipe emissions and our goal is to promote
scenarios that maximize emissions savings, and we exclude FCEVs because their adoption has thus far been dwarfed
by the adoption of other ZEV types. Also, with both BEVs and FCEVs, upstream emissions must be considered. While
policies are in place to support a transition to 100% renewable electricity to charge BEVs, no such policies are in place to
ensure renewable hydrogen production to fuel FCEVs. Thus only BEVs are on track to be truly zero-emission vehicles and
maximize emissions savings. However, as with BEVs, since FCEVs do not produce any tailpipe emissions, the results of this
study are not affected by excluding FCEVs from consideration.
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ESTIMATING ZEV PENETRATION
For each of the three scenarios defined in this study, the expected ZEV sales trajectory was first determined (annual ZEV
sales as percent of total sales). CARB’s Draft 2020 Mobile Source Strategy denotes a linear trend in sales percentages
between 2020 and 2035 for the “100% by 2035” scenario with 10% ZEV sales in 2020, 40% in 2025, 70% in 2030, and 100%
in 2035. Thus, linear trends in percent sales were also assumed for the other two scenarios, with both starting with 10%
sales in 2020, and ending with 14% and 100% sales in 2030 in the Baseline and “100% by 2030” scenarios, respectively
(Figure 1):
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Figure 1: ZEV percent sales trajectories for
Baseline, 100%
by 2035, and 100% by 2030
scenarios. Trajectories for Baseline and 100% by
2035 are based on CARB’s Draft 2020 Mobile Source Strategy.

Then, total ZEVs on the road in each year between 2020 and 2030 was determined for each scenario using the following:
Equation 1: Total ZEVs =
(Total ZEVs previous year) - (Total ZEVs previous year * ZEV retirement rate) + (annual passenger vehicle
sales * proportional ZEV sales)
•
•
•
•

“Total ZEVs” are projected to be 800,000 in 2020 based on current data.11
“Annual passenger vehicle sales” are assumed to be 2 million.12
“Proportional ZEV sales” corresponds to the sales percentages shown in Figure 1.
The annual “ZEV retirement rate” is assumed to be 5%. This is assumed because it brought the total ZEV
estimates for 2020 to 2030 in close alignment with ZEV totals predicted by the Draft 2020 Mobile Source
Strategy for the “Baseline” and “100% by 2035” scenarios.

To estimate total ZEVs between 2030 and 2045, logistic growth functions were applied.1 A logistic function assumes initial
exponential growth of a given population that then tapers off as a maximum carrying capacity is approached, creating a
characteristic “S” shape. Likewise, it’s assumed that with widespread ZEV adoption following the fulfillment of a 100% sales
mandate, growth in the number of ZEVs will be rapid, but growth will then decline as the number of ZEVs approaches the
maximum number of light-duty vehicles that can be supported by the state. The logistic function takes the following form:
𝑓𝑓(𝑥𝑥) =

𝐶𝐶
1 + 𝑎𝑎𝑎𝑎 𝑥𝑥

A different method was used to model 2030 to 2045 versus 2020 to 2030 both because this approach best fit the available data
available in the DMSS, and because it is expected that growth behavior in the ZEV population would be different pre- and post-ZEV
100% sales mandate.
1
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Where C is an assumed maximum of ZEVs that California could support in 2045, x represents the year (0 to 15, where “0”
corresponds to 2030 and “15” corresponds to 2045, and a and b define the growth of the function. It was possible to solve
for a and b given x, C, and f(x), where f(x) corresponds to the number of ZEVs on the road at a given time (Table 1):
Scenario
Baseline
100% by 2035
100% by 2030

C
35 mil.
35 mil.
35 mil.

x1
0 (2030)
0 (2030)
0 (2030)

x2
15 (2045)
15 (2045)
15 (2045)

f(x1)
2.4 mil.
7.9 mil.
10.6 mil.

f(x2)
4.3 mil.
27.9 mil.
33 mil.

a
13.20
3.49
2.29

b
0.96
0.84
0.78

Table 1: Terms used in logistic functions describing Baseline, 100% by 2035, and 100% by 2030 scenarios. The maximum number of
ZEVs, or C, was set to 35 million, which is the number of passenger vehicles predicted to be on California roads in 2050 in CARB’s
2020 Draft Mobile Source Strategy.

Logistic functions using the above variables were used to determine the number of ZEVs on the road under each
scenario for each year between 2030 and 2045 (Figure 2). In turn, the number of ICEVs on the road in each year was also
determined, relying on DMSS estimates of the growth in the number of total passenger vehicles (ICEVs + ZEVs) between
2020 and 2045.

ESTIMATING CO2 EMISSIONS
For each year, under each scenario, the total numbers of ZEVs and ICEVs were used to determine the amount of CO2 that
would be emitted from passenger vehicles. Emissions were determined using the following formula:
Equation 2: Metric tons CO2 (mt)
= # of cars × average annual vehicle miles × (gallons of gasoline/mile)
× (mt CO2/gallon)
•
•
•
•

# of cars: the number of ICEVs on the road in a given year.
Average annual vehicle miles: assumed to be 11,623 miles based on Federal Highway Administration data.13
Gallons of gasoline/mile: Based on California Energy Commission estimates of future ICEV fuel economy.14
mt CO2/gallon: The EIA estimates 0.009 mt CO2/gallon of gasoline.15

Using this formula it was possible to determine both the emissions in 2045 and the cumulative emissions between 2020 and
2045 under each scenario (Table 3, Figure 3).

ESTIMATING PM2.5, NOX AND SOX EMISSIONS
To estimate PM2.5, NOx and SOx emissions, we used the Emissions Inventory tool from the California Air Resources
Board to generate state on-road emissions rates for the years 2020 through 2045.16 In the tool we selected for the following:
annual emissions factors; vehicle types LDA, LDT1, LDT2, which correspond to both passenger cars and light-duty trucks;
factors based on the aggregate fleet rather than individual model years; and factors based on the aggregate, or average
speed, of travel. The fuel source for all the passenger vehicles considered was assumed to be gasoline (rather than diesel
or fossil gas) because this is an assumption made by our modeling in this study, but also because gasoline-fueled vehicles
make up the vast majority of total passenger vehicles.
For PM2.5, NOx and SOx emissions, the emissions considered were those coming from the tailpipe while traveling on
the road (running exhaust emissions, or RUNEX) and those that occur when starting a vehicle (start exhaust tailpipe
emissions, or STREX). There are PM2.5 emissions associated with vehicle tire and brake wear also, but these occur with
ICEVs and ZEVs equally, so they were not included in the analysis.
For each calendar year between 2020 and 2045, RUNEX and STREX values for the three vehicle types (LDA, LDT1, LDT2)
were averaged for PM2.5, NOx and SOx. These averages were used for subsequent analyses. RUNEX values were provided
in ‘grams per mile’ units. STREX values were provided in ‘gram per trip’ units, so estimates from the Emissions Inventory
tool of the number of trips taken per vehicle per day were used to convert STREX values from ‘grams per trip’ to ‘grams per
vehicle per year.’
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PM2.5, NOx and SOx (criteria pollutant) RUNEX and STREX emissions were determined using the following formulas for
a given model year under a given model scenario:
RUNEX:
Equation 3: Metric tons criteria pollutant (mt)
		
= # of ICEVs × average annual vehicle miles × (grams criteria pollutant/mile)
		
× (1 mt CO2/1,000,000 gram)
STREX:
Equation 4: Metric tons criteria pollutant (mt)
		
= # of ICEVs × (grams criteria pollutant per ICEV/year)
		
× (1 mt CO2/1,000,000 gram)
RUNEX and STREX emissions were summed to get total emissions for a given year under a given model scenario. It was
then possible to determine cumulative emissions between 2020 and 2045 under the various model scenarios.

ESTIMATING PREMATURE MORTALITY AND MONETARY COSTS DUE TO
CRITERIA POLLUTANT EMISSIONS
Using estimates of the benefit-per-ton of reducing PM2.5, NOx and SO2 (assumed to be representative of SOx total)
from the U.S. Environmental Protection Agency, we estimated premature mortality and monetary costs associated with
morbidity and mortality — costs including those from lost work days and those incurred by the healthcare system — that
would occur from criteria pollutants under our four model scenarios. Table 2 summarizes the risk factors used:
Risk Category
Monetary Cost
Premature Mortality

PM2.5
$1,100,000
0.12

NOx
$23,000
0.0024

SO2
$64,000
0.0065

Table 2: The cost-per-ton of directly emitted criteria pollutant. The dollar values are in 2015$. The risk factors were estimated for the
year 2030 and are sourced from U.S. EPA. For premature mortality, the units are essentially “lives lost-per-ton.”17

The costs associated with a given model scenario were estimated by multiplying the tons of criteria pollutant by the
corresponding risk factor.
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RESULTS
TRAJECTORIES OF ZEV PENETRATION INTO CALIFORNIA’S PASSENGER VEHICLE FLEET
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Figure 2: Number of ZEVs on California roads for Baseline, 100% by 2035, and 100% by 2030 scenarios. ZEVs on the road in 2030,
2035 and 2045 are labelled for each scenario. Gray bars represent total light-duty vehicles (LDVs) expected on the road.

As shown in Figure 2, the “100% by 2030” scenario assumes 100% ZEV sales in 2030, which would yield approximately
10.6 million ZEVs on the road in 2030 (nearly 39% of the fleet) and 20.8 million ZEVs (71% of the fleet) in 2035. The
“100% by 2035” scenario assumes 100% ZEV sales in 2035, which would yield approximately 7.9 million ZEVs on the road
in 2030 (28% of the fleet) and 14.2 million ZEVs in 2035 (48% of the fleet). In the Baseline scenario, it is assumed that the
state meets the goal of 1.5 million ZEVs on the road in 2025, but only 2.4 million ZEVs (9% of the fleet) on the road in
2030 and 3 million ZEVs (10% of the fleet) in 2035. This is the trajectory that the state is on with current policies according
to the DMSS.
In 2045 — when the state is to reach carbon neutrality — the number of ZEVs on the road are 33 million, 27.9 million and
4.3 million in the “100% by 2030”, “100% by 2035” and Baseline scenarios, respectively, corresponding to 100%, 85% and
13% of the vehicle fleet.

CO2 EMISSIONS
If the state follows the Baseline scenario of ZEV adoption and fails to reach its established goal of 5 million ZEVs in 2030,
it would commit us to enormous cumulative emissions totaling more than 1.7 billion tons of CO2 between 2020 and 2045
(Table 3; Figure 3). If the state implements 100% ZEV sales in 2035, petroleum vehicles would instead emit about 1.2
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billion tons of CO2 between 2020 and 2045. If, however, the state mandates 100% ZEV sales in 2030, petroleum vehicles
would emit 922 million tons of CO2, or 48% less than the Baseline scenario and 22% less than the “100% by 2035” scenario.
Therefore, even adding petroleum vehicles to the vehicle fleet for five additional years (2035 as opposed to 2030) would
substantially increase emissions compared to ending petroleum vehicle sales in 2030. Indeed, waiting until 2035 to fully
phase out petroleum vehicles versus a 2030 deadline would result in an additional 256 million tons of CO2 in 2045.
Emissions
Cumulative
In 2045

Baseline
1,776
62

100% by 2035
1,178
11

100% by 2030
922
0

Table 3: Emissions in million metric tons (MMT) CO2 for Baseline, 100% by 2035, and 100% by 2030 scenarios. Cumulative emissions
are the total emissions from ICEVs between 2020 and 2045. Emissions in 2045 are those emitted by ICEVs only in 2045.

In 2045 Baseline emissions would be 62 million tons of CO2. Emissions would be cut by 82% to 11 million tons of CO2 if
the goal of “100% sales by 2035” is accomplished, but they would reach near zero in 2045 with “100% sales by 2030.” Only
the “100% by 2030” scenario results in near-zero emissions from passenger vehicles in 2045 (while minimizing cumulative
emissions), so only the “100% ZEV by 2030” scenario aligns with the state’s 2045 carbon-neutrality goal.
80
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Figure 3: Emissions in million metric tons (MMT) CO2 for Baseline, 100% by 2035, and 100% by 2030 scenarios between 2020 and
2045. The Baseline value displayed is the cumulative emissions from 2020 to 2045 assuming the Baseline scenario. The “100% by 2035”
value is the reduction in cumulative emissions from pursuing 100% sales by 2035. The “100% by 2030” value is the additional reduction
relative to “100% by 2035” of pursuing 100% sales by 2030.

CRITERIA POLLUTANT EMISSIONS
The state following the Baseline scenario of ZEV adoption would result in 9,000 tons of PM2.5 emissions, 480,000 tons of
NOx emissions and 20,000 tons of SOx emissions between 2020 and 2045 (Table 4). If the state instead follows “100% by
2035,” then PM2.5 emissions would drop by 26%, NOx emissions by 25% and SOx emissions by 34% relative to baseline. If
the state follows “100% by 2030”, then PM2.5 emissions drop by 38%, NOx emissions by 37% and SOx emissions by 48%
relative to baseline. In comparing the “100% by 2030” to the “100% by 2035” scenario, cumulative PM2.5 emissions are
16% less, NOx emissions are 15% less and SOx emissions are 22% less in the “100% by 2030” scenario.
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Criteria Pollutants
PM2.5
NOx
SOx

Baseline
9,154
483,450
19,832

100% by 2035
6,730
360,247
13,084

100% by 2030
5,650
306,520
10,226

Table 4: Cumulative criteria pollutant emissions between 2020 and 2045 in metric tons for Baseline, 100% by 2035, and 100% by 2030
ZEV adoption scenarios.

PREMATURE MORTALITY AND MONETARY COSTS
An ambitious transition to ZEVs provides significant benefits in number of lives saved and monetary costs avoided (Table
5). If the state pursues a path in line with the Baseline scenario, then it could cost the state as much as $22.5 billion as a
direct result of criteria pollutant emissions from ICEVs and 2,388 lives lost prematurely between 2020 and 2045. If the state
instead pursues 100% ZEV sales by 2035, then the monetary cost and the loss of life are both cut by 26%. If the state is even
more ambitious in mandating 100% ZEV sales in 2030, then both monetary costs and the loss of life would be cut by 16%
relative to 100% sales by 2035 and 38% relative to baseline.
Cost
Monetary

Criteria Pollutant
PM2.5
NOx
Sox

Baseline
$10 B
$11 B
$1.3 B

100% by 2035
$7.4 B
$8.3 B
$837 M

100% by 2030
$6.2 B
$7.0 B
$654 M

Mortality

PM2.5
NOx
Sox

1,098
1,160
129

808
865
85

678
736
66

$22.5 B
2,388

$16.5 B
1,757

$13.9 B
1,480

Total Monetary Cost
Total Premature Mortality

Table 5: Incidences of premature mortality and monetary costs of cumulative criteria-pollutant emissions between 2020 and 2045.
Criteria pollutants counted are only those sourced from vehicle running exhaust and vehicle start exhaust tailpipe emissions.

Thus, in comparison to the Baseline scenario, the state could save $8.5 billion in morbidity costs from criteria pollutant
emissions and more than 900 lives if it adopted “100% by 2030.” Relative to the “100% by 2035” scenario, the state could
save an additional $2.6 billion in morbidity costs and 277 lives if it instead chose to mandate 100% ZEV sales in 2030.
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DISCUSSION
The goal of carbon neutrality by 2045 established by Executive Order B-55-18 is a driver of the state’s climate action.
Reaching this goal will require decarbonization across multiple sectors of the California economy, with the passenger
vehicle fleet being one of the most significant. Given that the technology is already available for fully electrifying the
passenger vehicle fleet, a ZEV transition is the low-hanging fruit for California to reach not only its currently established
climate goals but go beyond them to follow a 1.5°C pathway.

CARBON NEUTRALITY IN 2045
To reach carbon neutrality by 2045, the state’s plan is to work to reduce GHG emissions from its various sectors and then
use negative emissions technologies (NETs) as a supplement to reach net zero. By some estimates, after the state’s crosssectoral efforts, California would still have to sequester between 108 and 150 MMT CO2 using NETs in 2045 to reach
carbon neutrality.18 However, in relying on future advancements in NETs, which come with societal and environmental
harms and have not been proven economical or feasible mass-scale,19 the state is shirking its responsibility to make
lasting and direct emissions reductions through ending fossil fuel production and use. A net-zero framing based on
unproven carbon-capture technologies does not ensure that the state will achieve carbon neutrality in 2045. The state must
implement strategies geared instead toward achieving near-zero emissions in 2045 if it is to achieve its climate goals.
Ultimately, near zero overall requires near zero from every sector, with every metric ton of reduction in direct emissions
meaning one less metric ton to be negated by unproven NETs. Given that the technology for electrifying the passenger
vehicle sector is, unlike NETs, already mature and available, eliminating emissions from the passenger vehicle sector by
2045 is both an attainable and necessary component of 2045 carbon neutrality. With 100% ZEV sales by 2035, the state
would still commit itself to 5.1 million ICEVs on California roads and 11 MMT of CO2 emissions in 2045. By instead
choosing 100% ZEV sales by 2030, the state would put itself on a path to 100% ZEVs on California roads by 2045, and
near-zero emissions from passenger vehicles.
The need for 100% ZEV sales by 2030 is largely tied to the lifetime of ICEVs. A 2019 study of U.S. vehicle turnover found
that if a new technology were introduced and immediately came to constitute 100% of new vehicle sales, then it would
take about 20 years for the new technology to account for 90% of the on-road fleet.20 Thus, assuming no ZEVs prior and
no measures to promote the replacement of ICEVs with ZEVs, a 100% ZEV sales mandate in 2035 would mean 90% of the
California passenger vehicle fleet would be ZEVs in 2055 — 10 years past the date by which we need a virtually complete
ZEV fleet. Meanwhile, with a 100% ZEV sales mandate in 2030, 90% of the fleet would be ZEVs five years earlier, in 2050.
However, given that there would be ZEVs already on the road prior to a sales mandate, estimated to be about 10.6 million
in the “100% by 2030” scenario in 2030, and 14.2 million in the “100% by 2035” scenario in 2035, the percentage of ZEVs
becomes about 93% in 2050 and 2055, respectively. So in the case of natural vehicle turnover, neither “100% by 2030” nor
“100% by 2035” yield near-zero emissions from passenger vehicles in 2045, but “100% by 2030” is closer to the goal.
However, based on the scenario of 100% ZEV sales by 2035, the California Air Resources Board expects measures to be
in place that accelerate the adoption of ZEVs beyond the natural rate of vehicle turnover. In 2019, 5.1% of vehicles were
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removed from the U.S. passenger fleet, a number known as the scrappage rate. An annual scrappage rate of around 5% has
been the case since at least 2009. 21 However, based on the reduction in ICEVs observed in the “100% by 2035” scenario,
CARB is assuming a scrappage rate of near 7% following 100% ZEV sales, which likely exceeds the natural scrappage rate
because of expected incentives, disincentives and policies to promote the adoption of ZEVs. This rate of 7%, starting in
2035, results in 5.1 million ICEVs remaining on California roads in 2045. However, if this rate of ICEV removal instead
starts in 2030 after a 100% sales mandate that year, then the number of ICEVs on the road by 2045 is near zero (Figure 4),
in approximate alignment with the “100% by 2030” scenario. So, while “100% in 2035” paired with measures to promote
ZEV adoption leaves substantial passenger vehicle-related CO2 and criteria pollutant emissions, “100% in 2030” along with
similar measures allows California to meet the goal of carbon neutrality in the passenger vehicle sector by 2045.
25
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Figure 4: Number of ICEVs on the road between 2020 and 2045 with 100% sales by 2035 or 100% sales by 2030. The decline in ICEVs
following 100% sales in 2035 is at a rate of approximately 7% annually based on CARB projections for an ICEV to ZEV transition.
Applying this same decline rate following 100% sales in 2030 yields almost no ZEVs on the road in 2045 as depicted. Here, the decline
in the number of ICEVs following 100% ZEV sales is the same annually, equivalent to 7% of total the ICEVs in either 2035 or 2030,
respectively.

Since, from a technology perspective, the passenger vehicle sector is among the easiest to decarbonize, it would be
irresponsible not to realize a ZEV transition that brings us closer to a truly carbon-neutral 2045 — where carbon neutral
is couched in a near-zero rather than a net-zero framework. Adopting near zero would not only satisfy the goal of carbon
neutrality in 2045, but also constitute California doing its part to limit us to a 1.5°C warming future.

CRITERIA POLLUTANT EMISSIONS AND MORBIDITY COSTS
The state pursuing 100% ZEV sales by 2030 would not only allow it to meet its goal of carbon neutrality in 2045, but
also of reducing criteria pollutant emissions that harm public health. Air monitoring data shows that more than 90%
of Californians breathe unhealthy levels of one or more air pollutants during some part of the year. PM2.5, for instance,
is associated with premature death, asthma-related symptoms and emergency-room visits, and hospitalizations for
cardiovascular and respiratory diseases; nitrogen oxides (NOx) are associated with lung irritation and enhanced allergic
responses; and sulfur oxides (SOx) are associated with worsening asthma and emergency room visits. Furthermore, these
criteria pollutants in combination can contribute to the formation of ozone, which itself is associated with respiratory
symptoms, lung damage and premature death.22 Criteria pollutants are regulated by both the U.S. EPA and the California
Air Resources Board (CARB), with the goal of minimizing mortality and morbidity.
In 2019 PM2.5 emissions from passenger vehicles accounted for 60% of PM2.5 emissions from the on-road motor vehicle
sector, 31% of emissions from all mobile sources and 2% of the state’s PM2.5 emissions; NOx emissions from passenger
vehicles accounted for 18% of NOx emissions from the on-road mobile sector, 10% of emissions from all mobile sources
and 7% of the state’s NOx emissions; and SOx emissions accounted for 59% of on-road motor vehicle emissions, 21% of
emissions from all mobile sources and 2% of the state’s SOx emissions.23
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Given that electric vehicles do not have the criteria-pollutant emissions associated with vehicle running and startup
exhaust, maximizing the transition from ICEVs to ZEVs can only aid the state in curbing criteria-pollutant emissions, while
saving lives and reducing monetary costs. Many of these savings will be felt by historically under-resourced communities,
namely those that are low-income and communities of color. Such communities are more often located in proximity to
transit corridors, where they suffer the worst exposures to vehicle exhaust-sourced air pollution.24 So maximizing the ZEV
transition, if done equitably, can also aid the state in addressing underlying issues of environmental justice.
By choosing the scenario where 100% ZEV sales occur in 2030 and 100% ZEVs are on California roads in 2045, the
state could save 277 additional lives in comparison to the “100% by 2035” scenario between 2020 and 2045. This would
contribute to an additional $2.6 billion in avoided morbidity monetary savings.

CONTRIBUTING FACTORS TO ELECTRIFYING THE PASSENGER VEHICLE FLEET
Increased ambition in electrifying the passenger vehicle fleet will require more than a stated commitment to more ZEVs
on California roads. It will require ensuring that the necessary infrastructure is put in place to support a transition, the
necessary strategies are employed to encourage ZEV adoption, and that progress is made in other sectors that directly
influence the passenger vehicle sector.
The deployment of vehicle charging infrastructure must occur in parallel with transitioning to a ZEV fleet. In addition to 5
million ZEVs on California’s roads by 2030, former Gov. Brown’s 2018 executive order called for 250,000 vehicle charging
stations, including 10,000 direct current fast chargers. But the number of chargers that would be needed to put just 5
million ZEVs on California’s roads by 2030 exceeds that.25
Currently, with 763,816 ZEVs on California roads, there are only about 67,000 chargers.26 In contrast, according to one
charging station software provider, in an ideal ZEV market, the ratio of vehicles to charging stations should be about
four to one.27 To achieve the goal of 100% ZEV sales in 2030, corresponding to 10.6 million ZEVs on California roads,
the state must continue to invest in developing the state’s charging infrastructure. This must include addressing issues of
accessibility, charging speed, projected technology improvements and charging placement.
With the increased demand for charging will come increased demand on the electric grid, so the state must also focus
on decarbonizing the power sector. Ideally, this need would be fulfilled by California Senate Bill 100, which requires that
renewable energy and zero-carbon resources supply 100% of electric retail sales to end-use customers by 2045.28 However,
if incorrectly implemented, such as by relying on energy sources that are not truly zero-carbon resources (e.g. biomass and
biomethane), then emissions reductions resulting from the ZEV transition will be diminished by the upstream emissions
of power generation. Only through employing truly carbon-neutral energy resources in the power sector can emissions
reductions in the passenger vehicles sector be maximized.
Some potential strategies to facilitate ZEV adoption have already been outlined in the state’s ZEV Action Plan, updated
in 2018 with the following toplines: (1) make ZEVs an affordable and attractive option for drivers; (2) ensure convenient
charging and fueling infrastructure for greatly expanded use of ZEVs; (3) maximize economic and job opportunities from
ZEV technologies; (4) bolster ZEV market growth outside of California; and (5) lead by example integrating ZEVs into
state government.29 These strategies should further include electrifying medium-duty and heavy-duty fleets; developing
an overarching strategy of reducing vehicle miles traveled, including land-use and city-planning strategies to encourage
walkable cities and the use of public transportation; and prioritizing communities historically under-resourced for access
to ZEV infrastructure and resources.
Approaching cost parity between ZEVs and ICEVs makes the outlook good for near-future ZEV affordability. According
to a 2019 report from the International Council on Clean Transportation (ICCT), ZEV cost parity with ICEVs (when their
purchase prices become equal) will likely occur between 2024 and 2025 for shorter-range vehicles (150 to 200-mile range)
and between 2026 and 2028 for longer-range vehicles (200 to 250-mile range). When factoring in added fuel savings,
ZEVs become cost-competitive for new vehicle buyers and a more attractive purchase option even sooner in the 2022 to
2026 timeframe — otherwise known as the point of consumer ownership parity.30 A study from the UC Davis Institute of
Transportation Studies similarly found that, after 2030, the costs of owning and operating electric vehicles will be lower
than for gasoline and diesel cars and trucks.31 Cost is quickly diminishing as a barrier to ZEV adoption.
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IMPORTANCE OF EQUITY AND ACCESSIBILITY IN A ZEV TRANSITION
For the ZEV transition to be successful, access must also be addressed: it must be ensured that the benefits of a ZEV
transition are distributed fairly rather than enjoyed only by California’s wealthy and white communities. California’s clean
energy programs, including those for vehicle electrification, have often proceeded with under-resourced communities
having only limited access or ability to garner the benefits.32 Meanwhile these communities are those most in need of such
benefits, as they’ve often been the long-term victims of environmental injustice, including suffering disproportionate harms
from vehicle-related air pollution.33 In making a ZEV transition, California should prioritize historically under-resourced
communities in receiving the benefits. This includes prioritizing under-resourced communities in receiving ZEV adoption
incentives; in the placement of charging infrastructure; in the provision of job opportunities; in providing education to
promote widespread ZEV adoption; in the retirement of polluting fossil fuel infrastructure that has historically plagued
low-income and communities of color; and overall in ensuring that the health, social, economic and environmental
benefits of the ZEV transition are equitably distributed.

CONCLUSIONS
California has long held the status of a national and global leader in the fight against climate change. This is due in part to
its state goals to reduce greenhouse gas emissions, including carbon neutrality by 2045. As shown in this analysis, a key
component of achieving these goals will be addressing the outsized portion of California’s greenhouse gas emissions that
come from passenger vehicles. This is acknowledged by the state, as shown by Gov. Newsom’s Executive Order N-79-20
calling for 100% ZEV sales by 2035. But 100% ZEV sales by 2035 does not go far enough in guaranteeing the state’s success
in reaching established emissions goals. In fact CARB documentation prior to the executive order stated that 100% sales of
ZEVs by 2035 is not sufficient, and that staff should continue evaluating more ambitious ZEV sales scenarios.34
The state must set a goal of 100% ZEV sales by 2030, corresponding to 10.6 million ZEVs on the road by 2030, which
would set the state on a path most aligned with reaching carbon neutrality in 2045. Setting the more ambitious 2030 goal
reduces our need to rely on risky and unproven negative emissions technologies to meet emissions targets and instead
prioritizes direct emissions reductions, assuring that our progress toward established goals is fully realized.
And ambition should go even beyond that required for carbon neutrality as currently defined in 2045. The state’s ambitions
should be toward near-zero emissions by 2040, with such ambitions most aligned with a 1.5°C pathway and the demands
of science, equity and climate justice. By pursuing the most ambitious ZEV adoption strategy, California would take a key
step in realizing a 1.5°C pathway that prioritizes protecting the climate, saving lives and creating environmental, health and
monetary savings. By making sure that low-income and communities of color are prioritized in receiving resources for a
ZEV transition, it can make the transition robust and equitable. This would serve as an example to other jurisdictions and
cement California’s role as a global climate leader.

14

ENDNOTES
1
California Air Resources Board, California Greenhouse Gas Emissions for 2000 to 2017 (2019), https://ww3.arb.ca.gov/cc/inventory/pubs/reports/2000_2017/ghg_inventory_trends_00-17.pdf.
2

American Lung Association, State of the Air (2020), http://www.stateoftheair.org/assets/SOTA-2020.pdf.

3

Veloz (November 3, 2020), www.veloz.org; California New Car Dealers Association, California Auto Outlook (February 2019), https://www.cncda.
org/wp-content/uploads/Cal-Covering-4Q-18.pdf.

4

California Executive Order B-55-18 to Achieve Carbon Neutrality (2018), https://www.ca.gov/archive/gov39/wp-content/uploads/2018/09/9.10.18-Executive-Order.pdf.

5

Intergovernmental Panel on Climate Change, Global Warming of 1.5°C, An IPCC special report on the impacts of global warming of 1.5°C above
pre-industrial levels and related global greenhouse gas emission pathways, in the context of strengthening the global response to the threat of climate
change, sustainable development, and efforts to eradicate poverty (2018), https://www.ipcc.ch/sr15/.

6

See reference 5 at p. 12.

7

Center for Biological Diversity, Legal Authority for Presidential Executive Action on Climate: Legal Analysis Underpinning the #ClimatePresident
Action Plan (2019), https://www.climatepresident.org/Legal-Authority-for-Presidential-Climate-Action.pdf. Climate Equity Reference Project, Climate Equity Reference Calculator, EcoEquity and Stockholm Environment Institute, https://calculator.climateequityreference.org/ (last visited June 10,
2020).

8

Alexei Koseff, ‘This is A Climate Damn Emergency’ California’s Gavin Newsom Says (September 11, 2020), San Francisco Chronicle, https://www.
sfchronicle.com/politics/article/This-is-a-climate-damn-emergency-15560711.php.

9

California Air Resources Board (CARB), 2020 Mobile Source Strategy Workshop Discussion Draft (September 30, 2020), https://ww2.arb.ca.gov/
sites/default/files/2020-09/Workshop_Discussion_Draft_2020_Mobile_Source_Strategy.pdf.

10

See reference 8.

11

Veloz (November 3, 2020), https://www.veloz.org/wp-content/uploads/2020/11/Q3_2020_Dashboard_PEV_Sales_veloz-1.pdf. Cumulative sales
between 2011 and 2020 through the third quarter of 2020 are 763,816. Assuming additional sales in the last quarter of 2020 brings our estimate of total
ZEVs in 2020 to 800,000.
12
California New Car Dealers Association, California Auto Outlook (May 2020), https://www.cncda.org/wp-content/uploads/Cal-Covering-1Q-20REVISED.pdf.
13

U.S. Department of Energy, Alternative Fuels Data Center (AFDC), Average Annual Vehicle Miles Traveled by Major Vehicle Categories (Accessed
March 6, 2020), https://afdc.energy.gov/data/10309. Average annual vehicle miles were determined as the average for the categories car, light-duty
vehicle, and light truck in AFDC mileage data.

14

California Energy Commission (CEC), Building a Healthier and More Robust Future: 2050 Low-Carbon Energy Scenarios for California (2019),
https://www.energy.ca.gov/2019publications/CEC-500-2019-033/CEC-500-2019-033.pdf. In Table 3, estimates of ICEV efficiency are given in five-year
increments from 2015 to 2050. Within these five year gaps, values of ICEV efficiency were interpolated to give an estimate of fuel efficiency for each
year from 2025 to 2050.
15

Energy Information Administration, Carbon Dioxide Emissions Coefficients, (Accessed March 6, 2020), https://www.eia.gov/environment/emissions/co2_vol_mass.php. The EIA’s value for CO2 emissions from gasoline was converted from units of lbs. to units of mt.

16

California Air Resources Board, EMFAC2017 Emissions Inventory Tool (Accessed May 21, 2020), https://arb.ca.gov/emfac/emissions-inventory.

17

U.S. Environmental Protection Agency, Technical Support Document, Estimating the Benefit per Ton of Reducing PM2.5 Precursors from 17 Sectors (February 2018), https://www.epa.gov/sites/production/files/2018-02/documents/sourceapportionmentbpttsd_2018.pdf.

18

Southern California Edison, Pathway 2045: Update to the Clean Power and Electrification Pathway (November 2019), https://newsroom.edison.
com/internal_redirect/cms.ipressroom.com.s3.amazonaws.com/166/files/201910/201911-pathway-to-2045-white-paper.pdf; Baker, S.E. et al., Getting
to Neutral: Options for Negative Carbon Emissions in California (January 2020), Lawrence Livermore National Laboratory, https://www-gs.llnl.gov/
content/assets/docs/energy/Getting_to_Neutral.pdf.

19

Heck, Vera et al., Biomass-based negative emissions difficult to reconcile with planetary boundaries, 8 Nature Climate Change 151 (2018), https://
www.nature.com/articles/s41558-017-0064-y; Fuss, Sabine et al., Negative emissions—Part 2: Costs, potentials and side effects, 13 Environmental
Research Letters 063002 (2018)

20

Keith, D.R. et al., Vehicle fleet turnover and the future of fuel economy, 14 Environ. Res. Lett. (2019).

21

IHS Markit, Average Age of Cars and Light Trucks in the U.S. Approaches 12 Years, According to IHS Markit (July 28,2020), https://news.ihsmarkit.
com/prviewer/release_only/slug/bizwire-2020-7-28-average-age-of-cars-and-light-trucks-in-the-us-approaches-12-years-according-to-ihs-markit.

22

California Air Resources Board, Common Air Pollutants (Accessed May 28, 2020), https://ww2.arb.ca.gov/resources/common-air-pollutants.

23

California Air Resources Board, CEPAM: 2016 SIP – Standard Emission Tool (Accessed May 28, 2020), https://www.arb.ca.gov/app/emsinv/fcemssumcat/fcemssumcat2016.php.

24

Union of Concerned Scientists, Inequitable Exposure to Air Pollution from Vehicles in California: Who Bears the Burden? (February 2019), https://
www.ucsusa.org/sites/default/files/attach/2019/02/cv-air-pollution-CA-web.pdf.
25

California Energy Commission, California Plug-in Electric Vehicle Infrastructure Projections: 2017-2025 (March 2018), https://www.nrel.gov/docs/
fy18osti/70893.pdf.

15

26

Veloz (November 3, 2020), www.veloz.org.

27

Herman K. Trabish, Can California hit 1.5M zero-emission vehicles by 2025? (April 27, 2017), Utility Dive, https://www.utilitydive.com/news/
can-california-hit-15m-zero-emission-vehicles-by-2025/441020/.

28

California Energy Commission, SB 100 Joint Agency Report (Accessed May 28, 2020), https://www.energy.ca.gov/sb100.

29

California Governor’s Interagency Working Group on Zero-Emission Vehicles, 2018 ZEV Action Plan Priorities Update (September 2018), https://
static.business.ca.gov/wp-content/uploads/2019/12/2018-ZEV-Action-Plan-Priorities-Update.pdf.

30

Lutsey, N. and Nicholas, M., Update on electric vehicle costs in the United States through 2030, International Council on Clean Transportation
(2019), https://theicct.org/publications/update-US-2030-electric-vehicle-cost.

31

Fulton, L. and Sperling, D., Zero cost for zero-carbon transportation? UC Davis Institute of Transportation Studies (2020), https://its.ucdavis.
edu/blog-post/zero-cost-for-zero-carbon-transportation/?utm_source=newsletter&utm_medium=email&utm_campaign=newsletter_axiosgenerate&stream=top.

32

Roth, Sammy, California’s clean energy programs are mainly benefiting the rich, study finds, Los Angeles Times (June 25, 2020), https://www.latimes.com/environment/newsletter/2020-06-25/will-the-rich-continue-to-be-the-main-beneficiaries-of-californias-clean-energy-future-boiling-point;
Fournier, E.D. et al., On energy sufficiency and the need for new policies to combat growing inequities in the residential energy sector, 8 Elementa
(2020), https://www.elementascience.org/articles/10.1525/elementa.419/.

33

Union of Concerned Scientists, Inequitable Exposure to Air Pollution from Vehicles in California: Who Bears the Burden? (February 2019), https://
www.ucsusa.org/sites/default/files/attach/2019/02/cv-air-pollution-CA-web.pdf.
34

California Air Resources Board, 2020 Mobile Source Strategy: A Vision for Clean Air, Informational Update (April 23, 2020), https://ww3.arb.
ca.gov/board/books/2020/042320/20-4-3pres.pdf.

16

