Possible Market Implications of California’s
Efforts to Ban
Internal Combustion Engines (ICE)

By

Stillwater Associates LLC
Irvine, California, USA

February 9, 2022



Stillwater Associates

3 Rainstar Irvine, CA 92614 – Tel (888) 643 0197 – www.stillwaterassociates.com

Possible Market Implications of California’s Efforts to Ban Internal Combustion Engines (ICE)

Disclaimer
Stillwater Associates LLC conducted the analysis and prepared this report using reasonable care and skill
in applying methods of analysis consistent with normal industry practice. All results are based on publicly
available information, available at the time of preparation. Changes in factors upon which the report is
based could affect the results. Forecasts are inherently uncertain because of events that cannot be
foreseen. All projections of supply, demand, cost to manufacture and transport fuels or other costs, are
not meant to translate into wholesale or retail fuel prices. Transportation fuels prices will be determined by
the dynamics of a competitive fuels market. The actions of governments, individuals, third parties, and
competitors, all affect the ultimate price of fuels. Nothing contained in this report is intended as a
recommendation in favor of or against any particular action or conclusion.
NO IMPLIED WARRANTY OF MERCHANTABILITY SHALL APPLY. NOR SHALL ANY IMPLIED
WARRANTY OF FITNESS FOR ANY PARTICULAR PURPOSE.
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Executive Summary
The California Air Resources Board (CARB) and California Governor Gavin Newsom are promoting a ban on
internal combustion engines (ICE) by 2035. The goals of this ban are to promote clean air in the state and to
mitigate climate change. In their Draft Mobile Source Strategy, CARB has developed an ICE Ban Scenario
projecting 15 million zero-emission vehicles (ZEVs) on the road in California by 2035. Given this scenario,
CARB also estimates ZEVs’ contribution to annual nitrogen oxides (NOx), particulate matter (PM), and
greenhouse gas (GHG) reductions. However, CARB does not quantify ZEVs’ contributions to air quality
improvement (i.e., reduced ozone violation days and PM exceedances) or GHG reductions impact on climate
change.
To determine the potential impact of successful ICE Ban, we evaluated the impact on various stakeholders
using CARB’s scenario of reaching zero ICE sales by 2035. We find:
1. Gasoline demand declines by 66% and 90% and diesel demand declines by 34% and 60% by 2035
and 2050, respectively.
2. These declines could eliminate California’s petroleum refining industry by 2050 and reduce retail
fueling sites in California that number over 10,000 today by roughly 50% by 2035 and over 80% by
2050.
3. Operators of ICE vehicles will have to travel farther to reach fueling sites and possibly pay
considerably more to cover the additional costs of supply. that are likely on the order of $0.35 per
gallon in 2035 and $0.90 per gallon in 2050. In addition, increased costs of the LCFS and Cap and
Trade programs will add another $1.35 and $3.37 per gallon to the cost to manufacture fuels in 2035
and 2050, respectively. This brings the total added cost in those two years to $1.70 and $4.27 per
gallon, respectively.
4. The operators of the dwindling and aging ICE fleet after 2035 are most likely those families with low
incomes who do not generally purchase new cars and cannot afford the additional cost of EVs.
5. State and local tax revenues which are generally targeted to maintaining transportation
infrastructure such as roads will be reduced by $9 billion per year by 2035 and over $14 billion per
year by 2050.
6. The adoption rate of ZEVs assumed in CARB’s Draft Mobile Source Strategy is significantly faster
than historical precedent suggests is feasible and results in a much greater decrease in fossil fuel
demand than is likely.
CARB states their 2035 ICE Ban Scenario does not “reflect a market feasibility analysis.” Stillwater concurs
that this scenario exaggerates ZEV penetration as it is estimated to be 4.7 times faster than current evidence
supports. The costs and demand destruction summarized above are unlikely to be realized. CARB has a
realistic ZEV baseline projection of 3.2 million ZEVs by 2035 that is consistent with recent history. To provide a
case to contrast with the 2035 ICE Ban Scenario described about, Stillwater also projected our best estimate
of a market-feasible ZEV migration which is essentially the same as CARB’s ZEV baseline case. These ZEV
populations would displace 0.5 billion gallons per year (BGY) of diesel and 1.0 to 1.5 BGY of gasoline,
respectively by 2035 which is far less than the number stated in CARB’s 2035 ICE Ban Scenario. However,
other factors considered in our analysis result in actual demand for diesel to increase by 0.5 BGY and gasoline
demand to decrease by over 2 BGY by 2035. This results in the costs added to gasoline and diesel projecting
to be much lower than the ICE Ban Scenario. It also results in state revenues from taxes and fees declining
by $1.5 billion per year by 2050, but revenues from the Cap and Trade (C&T) program to increasing
dramatically assuming the program remains in place in its current form.
Section 1 of this report offers an overview of the current state of petroleum product supply and demand in
California.
Section 2 compares CARB’s 2035 ICE Ban Scenario to Stillwater’s forecast of product demand, which is
essentially identical to CARB’s baseline case. It also describes the many factors that impact adoption of EVs
and impact demand.
Section 3 compares the impact of CARB’s 2035 ICE Ban Scenario on product supply and demand with
Stillwater’s forecast. It examines the impact on the state’s two major greenhouse gas reduction programs –
LCFS and the Carbon Cap & Trade and assesses the changes to state revenues and to costs added to fuels
for these two cases. It also outlines consumer segments in the California vehicle market—those who can
afford ZEVs and those who cannot.
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1

Current State of Petroleum Product Supply and Demand in California

We begin our examination of how an internal combustion engine (ICE) ban would impact the transportation
fuels markets and customers in California by reviewing the current state of liquid fuel supply as well as level of
demand in the state.
California has an extensive and complex system to reliably supply liquid fuels to consumers throughout the
state. The West Coast system of assets to supply transportation fuels is shown in Figure 1, below. The system
is broken into three enclaves— the Pacific Northwest, Northern California, and Southern California—that are
not connected to each other by pipeline. As such, fuels transported between the three enclaves must be
moved by ships. Northern and Southern California are thus separated in terms of product supply, and the
petroleum refineries in these enclaves produce fuels that are consumed locally as well as in Nevada and
Arizona. Most gasoline, diesel, and jet fuel consumed in California is produced in these Northern and Southern
California refineries and transported by pipeline to a system of nearly 100 product terminals.
Figure 1. Product Supply – PADD 5 (West Coast)

The crude oil processed in California refineries has traditionally been sourced from California or Alaska, but
production in those states has steadily declined over the past thirty years while foreign imports have increased
substantially as shown in Figure 2.
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Figure 2. Crude Oil Supply Sources to California Refineries

Table 1 below lists production, imports, exports, and movements of gasoline, diesel, and jet fuel in Northern
and Southern California. Production in Northern California in 2020 exceeded local demand with significant
movements of gasoline and diesel out of the region by ship. Southern California production was less than local
demand (which includes Arizona and Nevada), so nearly 100 thousand barrels per day (KBD) of mostly jet fuel
and gasoline are brought into the Los Angeles area by ship.
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Table 1. California Supply/Demand Balances for 2020
Northern California
(kbd)
Refinery Production
Imports
From Pacific Northwest
Ethanol/RD/BD Blending
Total Supply

MoGas
320
8
18
35
381

Jet
59
1
0
0
60

14
17
1
19
51

0
3
0
7
10

2020
Diesel
137
8
9
25
179

Total
516
17
27
60
620
0

To Southern California
To Nevada
To Pacific Northwest
Exports
Total to Other Regions

5
18
0
29
52

19
38
1
55
113
0

Local Demand
Total Net Water Movements Out

330
25

50
9

127
35

507
69
0

Southern California
(kbd)
Refinery Production
Imports
From Northern California
From Pacific Northwest
Ethanol/RD/BD Blending
Total Supply

MoGas
490
10
14
14
52
580

Jet
110
48
0
5
0
163

32
47
1
80

20
21
1
42

2020
Diesel
138
4
5
0
29
176

Total
738
62
19
19
81
919
0

To Nevada
To Arizona
Exports
Total to Other Regions

14
42
2
58

66
110
4
180

0
Local Demand
500
121
118
739
Total Net Water Movements Out
-37
-52
-7
-96
Sources:
Energy
Information
Sources: EIA, U.S.
CEC, U.S.
Census, Stillwater
AnalysisAdministration (EIA), California Energy Commission (CEC), U.S. Census, Stillwater
Analysis

Table 2, below, lists the 14 refineries currently located in California. Total input capacity is more than 1.7
million barrels per day. We note that the Marathon Golden Eagle Refinery was idled in April of 2017 and is
being converted into a renewable diesel production facility. Phillips 66 has reduced runs at the Rodeo/Santa
Maria Refinery and announced it would also eliminate crude runs in the future and convert to renewable diesel
production.
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Table 2. California Oil Refinery Locations and Capacities
Refinery Name
Marathon Petroleum Corp., Carson Refinery*

Barrels Per
Day
363,000

Chevron U.S.A. Inc., El Segundo Refinery

269,000

Chevron U.S.A. Inc., Richmond Refinery

245,271

PBF Energy, Torrance Refinery

160,000

PBF Energy, Martinez Refinery

156,400

Valero Energy, Benicia Refinery

145,000

Phillips 66, Wilmington Refinery

139,000

Phillips 66, Rodeo San Francisco Refinery**

120,200

Valero Energy, Wilmington Refinery

85,000

Kern Oil & Refining Company, Bakersfield Refinery

26,000

San Joaquin Refining Company Inc., Bakersfield Refinery

15000

Greka Energy, Santa Maria Refinery

9,500

Lunday Thagard, South Gate Refinery

8,500

Valero Wilmington Asphalt Refinery

6,300

Total

1,748,171

*Marathon Carson and Wilmington began reporting as one entity as of 2019.
** Phillips 66 Rodeo and Santa Maria began reporting as one entity as of 2017.
Source: California Energy Commission (CEC)

California's nearly 100 terminals receive crude oil and petroleum products by tanker, barge, pipeline, rail, or
truck. Most of California's terminals are marine terminals where products are transferred from or to tankers or
barges. Tankers loaded with Alaska North Slope crude oil, for example, enter marine terminals in Northern and
Southern California; the product is transferred to the terminal before being sent by pipeline to refineries for
processing. An example of pipeline receipts of petroleum at a terminal is heavy California petroleum produced
in the Bakersfield area that is sent by pipeline to a refinery at Martinez.
According to the California Energy Commission (CEC), there were 10,440 retail fueling sites in California in
2019 with a total volume of 15.365 billion gallons of gasoline sold and 1.756 billion gallons of diesel sold
through these sites. The volumes of gasoline and diesel sold by county in 2019 are shown in Figures 3 and 4
below, respectively. The demand for both types of fuels are heavily concentrated in the large metropolitan
areas and are much more dispersed in the larger (by area) rural counties.
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Figure 3. 2019 California Retail Gasoline Sales by County (millions of gallons)

Source: California Energy Commission (CEC)
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Figure 4. 2019 California Retail Diesel Sales by County (millions of gallons)

Source: California Energy Commission (CEC)

Most of these retail sites are members of the California Fuels and Convenience Alliance (CFCA). The CFCA
publishes data collected by the National Association of Convenience Stores (NACS) concerning each state’s
convenience store sales, fuel distribution, expenses, and profits. These data for California are displayed in
Table 3 below.
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Table 3. California Convenience Store Data
Average per Store
Total Stores
1
Stores Selling Gasoline
1
Total Employees
16
Transactions Per Day
1,147
Total Sales
$5,353,586
Merchandise
$1,310,309
Foodservice
$256,890
Fuel
$3,786,387
Gallons of Fuel
1,473,302
Gallons of Diesel
295,476
Labor Expenses
$280,467
Credit Card Fees Paid
$86,371
Utilities Expenses
$26,440
Pre-Tax Profit
$132,118

State
11,990
8,374
191,840
13,752,530
$64,189,496,140
$15,710,604,910
$3,080,111,100
$31,707,204,738
12,337,430,948
2,474,316,024
$3,362,799,330
$1,035,588,290
$317,015,600
$1,584,094,820

Source: California Fuels and Convenience Alliance (CFCA)

Last, we note here the following summary of the oil and gas industry in California by the Los Angeles County
Economic Development Corporation (LAEDC).1 In 2017, the California oil and gas industry:
1. Directly employed 152,100 workers statewide, which supported an additional 213,860 jobs though
indirect and induced effects, for a total of 365,970 jobs in 2017.
2. Generated $152.3 billion in total economic output, making up 2.1 percent of California’s overall gross
state product in 2017.
3. Generated approximately $21.5 billion in state and local taxes, including $11 billion in sales tax, $7
billion in property taxes, $96 million in DOGGR assessments, and $1 billion in income taxes.

2

Stillwater’s Projected Demand vs. CARB’s Draft Mobile Source Strategy 2035 ICE
Ban Scenario

Stillwater has developed estimates of demand for gasoline and diesel through 2050 considering all the State’s
efforts to phase out internal combustion engines as well as practical considerations of the adoption of new
technologies toward that end. This scenario takes into account multiple historical factors and therefore
represents a case that Stillwater believes is realistic. Here, Stillwater compares this estimate of projected
demand with CARB’s 2035 ICE Ban detailed in their 2020 Mobile Source Strategy. CARB’s 2020 Mobile
Source Strategy (MSS) assumes 15 million ZEVs on the road by 2035 but states that the strategies and
scenarios outlined in the MSS “do not reflect a market feasibility analysis.” Stillwater agrees with this statement
concerning feasibility. CARB offers three scenarios in the 2020 MSS:
1. Baseline – A Realistic Projected Demand of historic growth rates for the ZEV population reaching 3.0
million by 2035. Stillwater’s independently analyzed projection identically aligned with the CARB
Baseline used in their 2020 Mobile Source Strategy, so we have used the CARB Baseline ZEV
population for consistency.
2. 2035 ICE Ban – An “illustrative scenario” which assumes California successfully bans the sale of ICE
vehicles by 2035. This scenario is used for policy planning and provoking conversation but is not
plausible based on Stillwater’s analysis. Stillwater’s Projected Demand will be compared to this CARB
2035 ICE Ban scenario. Stillwater uses CARB’s 2020 Mobile Source Strategy (MSS) vehicle and fuel
volume projections for the 2035 ICE Ban Scenario.

1

Oil and Gas in California: The Industry, Its Economic Contribution and User Industries at Risk in 2017, by the Los Angeles County
Economic Development Corporation

9

Possible Market Implications of California’s Efforts to Ban Internal Combustion Engines (ICE)
3. 2040 ICE Ban – A sensitivity analysis under which the ICE vehicle sale ban does not take effect until
2040. This sensitivity case is neither promoted by nor adopted under the Governor’s ICE Ban
Executive Order. Stillwater did not evaluate this scenario.
2.1

Summary of CARB’s 2035 ICE Ban Scenario

CARB presents projections of petroleum product from light-duty, motorcycle, medium-duty, and heavy-duty
vehicles in their MSS released in April of 2021. 2 CARB assumed a linear decline in the share of ICE vehicles
as shown below in Figure 5 below. These projections can be viewed as illustrative scenarios that show how
the growth of ZEVs could occur in a way to meet the ICE ban. As mentioned above, this is not a case that
Stillwater considers likely. Here, we are using it to enable us to explain the changes that result from
implementation of such a major transition.
Figure 5. Light-Duty Vehicle Sales Fractions by Technology Type

Source: California Air Resources Board (CARB) Mobile Source Strategy (MSS)
https://ww2.arb.ca.gov/sites/default/files/2021-04/Revised_Draft_2020_Mobile_Source_Strategy.pdf

This assumed sales profile leads to an evolution of the light-, medium-, and heavy-duty fleets as shown in
Figures 6, 7, and 8 below.

2

CARB 2021, Revised Draft 2020 Mobile Source Strategy. Available at: https://ww2.arb.ca.gov/sites/default/files/202104/Revised_Draft_2020_Mobile_Source_Strategy.pdf. Accessed: May 2021.
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Figure 6. Statewide Light-Duty Vehicle Technology Penetration in the On-Road Fleet

Source: CARB’s April 2021 MSS https://ww2.arb.ca.gov/sites/default/files/2021-04/Revised_Draft_2020_Mobile_Source_Strategy.pdf

Figure 7. Statewide Medium-Duty Sector Vehicle Population

Source: CARB’s April 2021 MSS https://ww2.arb.ca.gov/sites/default/files/2021-04/Revised_Draft_2020_Mobile_Source_Strategy.pdf

Figure 8. Statewide Heavy-Duty Population by Technology Type
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Source: CARB’s April 2021 MSS https://ww2.arb.ca.gov/sites/default/files/2021-04/Revised_Draft_2020_Mobile_Source_Strategy.pdf

With these fleets and CARB’s estimates for vehicle miles travelled, CARB projects liquid fuel demands for the
light, medium, and heavy-duty fleets as shown in Figures 9, 10 and 11, respectively.
Figure 9. Statewide Liquid Fuel Consumption by Light-Duty Vehicles (fossil gasoline, ethanol for E10)

Source: CARB’s April 2021 MSS https://ww2.arb.ca.gov/sites/default/files/2021-04/Revised_Draft_2020_Mobile_Source_Strategy.pdf

Figure 10. Statewide Fuel Consumption by Medium Duty Vehicles
12
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Source: CARB’s April 2021 MSS https://ww2.arb.ca.gov/sites/default/files/2021-04/Revised_Draft_2020_Mobile_Source_Strategy.pdf

Figure 11. Statewide Fuel Consumption by Heavy-Duty Vehicles

Source: CARB’s April 2021 MSS https://ww2.arb.ca.gov/sites/default/files/2021-04/Revised_Draft_2020_Mobile_Source_Strategy.pdf

If the fleet changes as outlined in the figures above, the fuel projections developed by CARB leads to 66% and
34% reductions in gasoline and diesel demand, respectively, by 2035 and 90% and 60% reductions in
gasoline and diesel demand, respectively, by 2050. These projections will be compared to Stillwater’s
estimates in the sections below.
2.2

Factors Considered in Stillwater’s Demand Projection

Before projecting fuel demand or fuel sales, it is important to understand the factors, and their magnitudes that
are influencing growth and reduced fuel sales today. Analyzing data from the Board of Equalization taxable
fuel sales, CARB LCFS quarterly reports, DMV vehicle registrations, U.S. EPA fuel Economy Guides, and
other data and emission testing sources Stillwater has estimated the impacts of 16 specific factors per year.
Population growth has been the strongest factor driving fuel demand growth from 1950 to 2005. During this
period, on average, California fuel demand grew 290 million gallons annually. See Figure 12 below. Since
2004 human population growth has been slowing which contributes to today’s slower growth rates along with
13
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the 16 other factors to be shown later. Figure 12 shows in 2018 California was using 5.78 billion gallons less
petroleum than the historic growth rates datum projection. In Figure 13 we will show the 16 factors that
contributed to the 5.78-billion-gallon reduction. Most of these petroleum reduction factors will continue to 2050.
Figure 12. California Gasoline and Diesel Fuel Sales Trend and GHG Emissions with Comparison to the
55-year Historic Growth Trend

Source: Board of Equalization fuel Sales, CARB LCFS Stillwater Associates Analysis

Figure 13 below shows the 16 factors contributing to the petroleum reductions for the last 20 years. Despite
the state’s efforts to reduce California’s fuel use by promoting and supporting Alternative Fueled Vehicles
(AFVs) the results have been small, reducing only 460 million gallons (7.25% of fuel sales) in 2020. (See
Figure 14 Breakout of Petroleum Reduction). There are significantly greater fuel use and petroleum reduction
factors outside of the state’s efforts to promote AFVs. The three most significant petroleum reduction factors
are the increased use of ethanol, biodiesel, and renewable diesel. These are supported by the Federal
Renewable Fuels Standard (RFS) and California’s Low Carbon Fuel Standard (LCFS) programs. Since 2003,
subsequently higher gasoline prices have prompted consumers to buy higher fuel economy vehicles, drive
less, and purchase up to 60% fewer pick-up trucks albeit briefly. The impact of increased purchases of more
fuel-efficient cars (relative to the 2003-Model Year vehicles) and trucks is evident after 2004 resulting in
petroleum demand reduction. The impact has strengthened in advance of tighter Federal EPA fuel economy
standards. ZEV technologies (Battery Electric Vehicles (BEVs) and Plug-In Electric Vehicles (PHEVs))
adoption earnestly began in 2010 and can be seen to have had the small impact on fuel sales by 2020 as
shown in Figure 13 below.

Figure 13. 16 Factors that Reduced Petroleum Fuels in California
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Source: Board of Equalization Sales, CARB LCFS volumes DMV Registration, Stillwater Analysis

Figure 14 below shows the breakdown of these 16 factors specifically in the calendar year 2020 after 20 years
of state effort to reduce petroleum use. The factors contributing to 93% of the petroleum and GHG reductions
are conventional vehicle purchases with higher fuel economy, renewable fuels (ethanol, bio and renewable
diesel), conventional hybrids, and light duty diesels. Conversely, ZEVs and alternative fueled vehicles (E85
FFVs, BEVs, hydrogen fuel cell vehicles, and heavy-duty natural gas vehicles) are providing the remaining
7.25% of results.
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Figure 14. 2020 Breakout of Petroleum Reduction Factors Showing State Efforts Results

Source: Analysis of DMV, LCFS, Fuel Taxation Board Stillwater Associates Analysis

2.3

CARB’s Mobile Source Strategy Scenarios Compared

Figure 15 below shows CARBs ZEV scenario migrations, illustrating CARB’s 2035 ICE Ban Scenario vs. the
Baseline Scenario (which is very similar to the Stillwater Demand Projection). The distance between red
markers on the line depicting the 2035 ICE Bans signifies the annual growth in ZEV sales and the distances
between the two lines after 2020 show the increases observed under that scenario relative to the Baseline.
The Baseline is consistent with a projected ZEV population based on 2011-2021 ZEV sales; this scenario
reaches 3.0 million ZEVs by 2035. This historic projection captures 100% of California’s consumer response to
the ZEV technology including federal, state, and local incentives for ZEV purchase. The Baseline projection
assumes continued government incentives and anticipated growing availability of future ZEV models – this is
generally considered optimistic for the ZEV case.
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Figure 15. Historic and Projected ZEV Sales (BEVs and PHEVs)

Source: https://arb.ca.gov/emfac/meta/

2.4

Potential for Greater ZEV Penetration

The single biggest technology breakthrough that could accelerate adoption of BEVs is the development of
solid-state batteries. Vehicle manufacturers made public announcements of future BEVs with solid-state
batteries which will offer greater durability, faster recharging, and greater driving range than today’s best
batteries. Expectations are high for solid-state batteries with claims of two-to-ten times the energy storage of
the current lithium battery packs, and 8-to-12-minute recharging times being promoted for a battery system still
under development for BEVs. Solid-state batteries are, however, presently envisioned to be higher cost energy
storage technology.3 Early prototype BEV models with solid state batteries are anticipated in the 2024-2029
timeframe. The time from laboratory to commercial production of a new technology often takes years to a
decade, however, and delays in new technology adoption are common. There are currently no guarantees that
a solid-state vehicle battery technology will move into mass production, as other promising batteries have
failed to reach mass production. Our earliest estimate of when commercial solid-state battery production for
ZEVs begins is for 2029 models, mostly in more expensive models with a price premium over current battery
ZEVs and growing in vehicle models over the decade. By 2040, it is conceivable that most ZEVs would be
offered with solid-state batteries, albeit at premium retail prices over conventional lithium-based batteries,
declining over a decade due to natural competition and institutional knowledge. In this solid-state battery
scenario, we assume consumer purchases would double the baseline (8%) new vehicle sales growth rate to
16% growth in the rate of new vehicle sales.
By 2035, due to battery energy storage limitations, higher BEV prices for larger range BEVs, and long
recharge times, ZEVs have predominantly been used in the smallest vehicles, driven on frequent, shorter trips,
ultimately driving fewer annual miles, and displacing the least amount of fuel per vehicle. Figure 16 shows the
projected reduced gasoline volumes based on the scenarios discussed. CARB data analysis finds that shortrange ZEVs are driven 65% of the annual miles driven by ICE vehicles but these short-range vehicles are
becoming the minority of BEVs.
A study recently performed in the UK measured the frequency and length of all personal trips made by vehicle
and found that 60% of all trips are less than five miles in length. 4 This observation is often cited by ZEV
advocates as a reason ZEVs are just as desirable as their ICE counterparts even with ZEVs’ limited range.
These 60% of trips only account for 14% of the total annual vehicle miles traveled (VMT), however, and just
20% of the annual carbon emissions of a vehicle. In fact, the UK study found that just 2% of all personal trips
3

What You Need to Know About Solid-State Batteries, Chris Teague. Autoweek, April 30, 2021
GB, 2002/2006 average, Source: DfT Analysis https://eprints.ncl.ac.uk/file_store/production/189262/C357D8D1-1FD0-4C8C-B16C8695A6C6C00B.pdf
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were long-distance but made up 30% of the annual VMT and 24% of the CO 2 emissions.5 These infrequent,
long-distance trips are where the majority of the GHG emissions occur, but they are also the trips for which an
ICE vehicle would be typically used because even today’s long-range ZEVs with supercharger recharging add
significantly more travel time for recharging on long trips. Until improved battery technology (such as solidstate batteries) is commercially available, ZEVs are expected to continue to provide 65-95 percent of the
vehicle miles traveled compared to their gasoline counterparts, reducing ZEVs annual fuel displacement.
Figure 16 shows the full scale of CARB’s ICE Ban scenario showing 15.1 million ZEVs by 2035. In addition,
Stillwater added Solid-State Battery Scenarios for an upper bound 3.6 million ZEVs by 2035, and CARB’s
Baseline 3.2 million projection. In CARB’s ICE Ban scenario, 15 million ZEVs for the 2035 ICE Ban “goal” is
done absent the more powerful consumer market forces and consumer acceptance. Stillwater independently
confirmed a baseline of 2.5 million by 2035 (not shown) by strictly following the 2011-2020 historic sales
trajectory.6 We believe 2.5-3.2 million ZEVs by 2035 is a reasonable scenario. A realistic upper-bound ZEV
Scenario would include solid-state batteries commercially starting by 2029 model year, doubling new vehicle
sales growth by 2030 by reaching 3.6 million ZEVs by 2035. The graphs shows that if solid-state batteries are
successfully introduced, most of their impact will occur after 2035.
Figure 16. Historic and Projected ZEV Populations Incorporating Capture CARB’s 2035 ICE Ban
Scenario

Source: Stillwater Analysis using CARB LDV_MSS_supporting_materials_ISAS_Nov2020

Figure 17 below shows Statewide total gasoline demand using Board of Equalization Taxable sales historic
data and projections with larger ZEV scenario populations. The projected gasoline volumes were estimated
from historic and projected EPA fuel economy sales weighted data, and projected vehicle and human
populations. ZEV scenario gasoline reductions were estimated by using the Energy Commission Plug-In
Electric Vehicle Energy and Emission Calculator. By 2030 the CARB ICE Ban by 2035 volume is 7 billion
gallons less than the CARB Baseline volume, and by 2040 the differences reach 9.0 billion gallons. It is
noteworthy that by 2030 the Baseline Forecast is only 320 million gallons less than the Zero ZEV growth from
today scenario and 600 million gallons less by 2040. Realistically by 2030 ZEVs will have a small impact on
total gasoline sales, and a modest impact by 2040. Examining potential future advances in battery technology
as illustrated by Solid-State Batteries shows only a 350-million-gallon gasoline sales reduction by 2030 from
the Stillwater Forecast. However, by 2040 a 1.15 billion-gallon reduction is possible. Overall, our analysis
5
6

Ibid.
Using the California Energy Commission, Light Duty Plug In Vehicle Energy and Emissions Calculator, expanded to 2050.
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shows that the optimistic case of successful adoption of solid-state batteries would result in gasoline demand
declines of 18% and 27% by 2035 and 2050, respectively. Roughly half of this decline is due to improvements
in the efficiencies in gasoline engines. This contrasts starkly with CARB’s MSS which shows 66% and 90%
reduction in gasoline demand by 2035 and 2050, respectively.
Figure 17. Total Gasoline Demand of All Scenarios Evaluated

Source: Stillwater Analysis using Energy Commission Light Duty PHEV Energy and Emission Calculator, expanded to
2050.

As can be seen in Figure 18 below, the growth in ZEV sales in California has been slow for the past three
decades, and they missed CARB’s first 2% mandated ZEV sales milestone by 17 years (originally required by
1998, it was finally achieved in 2015). In the early years, manufacturers mostly complied with the 1990 ZEV
mandate by selling partial-ZEV (PZEV) gasoline vehicles and other credits. Today, PZEV sales can no longer
be used to comply with the ZEV mandate. Initially, ZEV sales were slow due to the lack of consumer
willingness to purchase the significantly more expensive vehicles and a lack of ZEV incentives prior to 2011.
For 2019 and 2020, ZEV sales have declined while conventional gasoline hybrids grew. However, hybrids are
not shown here because they do not qualify as ZEVs. ZEV sales in the first two quarters of 2021 were
significantly higher than the 2020 average quarterly sales, likely showing a rebound following many months of
quarantine. We will not know for certain the ZEV market’s health until the full year of 2021 sales are tallied.
Vehicle manufacturers are sending positive signals committing to producing more ZEV models. However, ZEV
premium prices are still significant; for example, a 2022 Model Year Ford F150 pickup truck EV model will be
priced at least $10,000 above its gasoline counterpart. The key point demonstrated by Figure 18 is that none
of the previous California ZEV mandates shown were met on schedule by BEVs.
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Figure 18. Progress Toward CARB’s ZEV Mandates

Source: California Energy Commission and California New Dealers Association estimated ZEV sales.

2.5
2.5.1

Comparison of CARB ICE Ban Scenario with Stillwater Projected Demand
2.5.1 Gasoline Demand Description

Figure 19 below shows, by 2035 the CARB ICE Ban by 2035 volume is 6.9 billion gallons per year less than
the Stillwater Forecast (CARB Baseline) volume, and by 2050 the differences reach 10.5 billion gallons per
year. The Stillwater Forecast is essentially the same as the CARB Baseline case – based on reasonable ZEV
sales to date with optimistic forward ZEV acceptance by consumers in growing populations absent an ICE Ban
policy. The Stillwater Forecast assumes continued governmental support (or conversely) that ZEV prices drop
sufficiently to compensate for removing the current governmental incentives. The ICE Ban assumes CARB
adopts a ban that is successfully implemented and uses CARB’s annual ZEV migrations envisioned to meet
their ICE Ban and GHG goals.

20

Possible Market Implications of California’s Efforts to Ban Internal Combustion Engines (ICE)
Figure 19. Total Gasoline Demand for the Stillwater Forecast vs ICE Ban Scenario

Source: Stillwater Analysis using Energy Commission Light Duty PHEV Energy and Emission Calculator, expanded to
2050.

If the fleet changes as outlined in the figures above, the fuel projections developed by CARB show gasoline
demand to be reduced by 66% and 90% below recent levels by 2035 and 2050, respectively, while Stillwater’s
Case shows much smaller reductions of 17% and 24% in 2035 and 2050, respectively.
The Stillwater Forecast is consistent with the U. S. Energy Information Administration (EIA) Annual Energy
Outlook 2020 Reference Case7 for the Nation. Figure 20 shows the EIA Reference case demand projections in
units of energy. The EIA States “Electricity is the fastest-growing energy source in the transportation sector,
increasing on average 7.4% per year by 2050 because of increased demand for electric light-duty vehicles.
Despite this growth, electricity accounts for less than 2% of transportation fuel consumption in 2050.”
Figure 20 below shows the EIA’s projected breakdown for U.S. transportation fuels over the next 30 years, and
it shows a similar amount of electrification in the transportation sector, as well as growth in distillate demand
and an overall decline in gasoline demand that are directionally consistent with Stillwater’s analysis.

7

AEO2020 - Transportation (eia.gov)
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Figure 20. EIA AEO2020 Reference Case Transportation Sector Demand for the U.S.

2.5.2

Diesel Demand Projection Description

Medium- and Heavy-Duty Electric Vehicles migration was estimated using the historic rates from medium and
heavy duty (MHD) Natural Gas Vehicles (NGVs) in California. The example of NGVs is an excellent surrogate
for projecting ZEVs in the MHD fleet. Both technologies provide significantly reduced pollution and petroleum
use relative to their diesel counterparts, both have similar driving range and infrastructure limitations, and both
require significantly ($40k-$80k) higher upfront cost to purchase a vehicle, and $100k-$800k for refueling
infrastructure. Most importantly, both have and are expected to continue to receive Federal and State funding
incentives and policies compelling their adoption.
Figure 21 shows the migration rates for MHD vehicles. The diesel migration slope shows how long it takes for
a new technology (1998 Model Year technology) sold at 100% of diesel vehicle sales to penetrate the total
MHD fleet of vehicles. NGV migration rate is shown in the graph after the first eight years of sluggish
introduction. NGVs were not mandated and not a generally preferable technology (and as described above
could be considered a reasonable surrogate for EV migration), and NGV fleet penetration into the heavy-duty
fleet turned out be only 1.6% of the fleet, a full 25 years after their introduction. Figure 21 also demonstrates
that 17 years after a new technology became 100% of new vehicle sales, only 58% of the fleet consisted of
that new technology. The key point is that technologies that are universally adopted can require 30 years to
replace the older technology in fleet. Technologies that only gain a niche—a tiny fraction of market share—
require significantly longer time.
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Figure 21: Migration Trend of California Medium and Heavy-Duty Vehicles

Figure 22 shows the realistic total projected fuel sales of all fuels used by medium and heavy-duty vehicles.
Optimistically, ZEVs are projected to make up 5% of total fuel sales 2030-2050 if they penetrate as fast as HD
NGVs did in California. Bio and Renewable diesel are also optimistically projected, reaching 66% of liquid fuel
sales by 2050. The optimistic Bio and Renewable diesel fuel projection would be the most probable result in a
future with high incentives for lower carbon emissions. Stillwater doubts if this large volume of ZEV adoption
will take place with today’s state of battery technology and the CO2 reduction competition made by Bio and
Renewable diesel fuels.
Figure 22. Stillwater Forecast of Fuels Used in Med- and Heavy-Duty Vehicle Applications

Source, CARB LCFS, Taxation Board, Stillwater Analysis
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Figure 23 below shows the Stillwater Diesel Projections relative to CARB’s ICE Ban Scenario. The ICE Ban as
shown is not supported by sales volumes yet, and all sales to date are significantly funded by governmental
programs. It is unknown at this time what government funding programs would be available to defray the
incremental costs needed to support the large volume of vehicle sales required post 2030. In the MHD ZEV
category, the ICE ban relies on the State of California providing funding to offset a portion of the higher ZEV
purchase prices.
The relative difference between CARB’s and Stillwater’s Scenarios for diesel fuel is like that of gasoline.
Figure 23 below shows by 2035 the CARB ICE Ban by 2035 diesel volume is 2.0 billion gallons per year less
than the Stillwater Forecast (CARB Baseline) volume, and by 2050 the difference reaches nearly 3.6 billion
gallons per year.
Figure 23. Comparing the Stillwater Case with the ICE Ban Scenario for Diesel Demand

Source: Taxable Diesel Fuel Sales, LCFS Quarterly Reports, and CARB 2020 MSS Scenarios Stillwater Analysis
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3

Impact on Petroleum Product Supply and Demand in California – CARB’s 2035
ICE Ban Case Compared with Stillwater’s Case

3.1 Impact of both cases on product demand
As described in Section 2, the CARB’s ICE Ban Scenario shows much greater gasoline and diesel demand
destruction than Stillwater’s Scenario. Figures 19 and 23 show the projected differences in overall gasoline
and liquid diesel demand (petroleum and renewable diesel) respectively. The differences in these projections
are summarized in Tables 4 and 5.
Table 4. Summary of Gasoline Demand Changes
Year
ICE Ban Case,
ICE Ban Case,
Gasoline by 2035 Gasoline by 2050
Demand Change, %
Demand Change, BGY

-66%
-11.2

-90%
-14.2

Table 5. Summary of Diesel Demand Changes
Year
ICE Ban Case,
ICE Ban Case,
Diesel by 2035
Diesel by 2050
Demand Change, %
Demand Change, BGY

-34%
-1.5

Stillwater Case,
Gasoline by
2035
-17%
-2.7

Stillwater Case,
Gasoline
by 2050
-24%
-3.7

Stillwater Case,
Diesel by 2035

Stillwater Case,
Diesel
by 2050
+28%
+1.1

-60%
-2.5

+15%
+0.6

If the fleet changes as outlined in the figures above, the fuel projections developed by CARB show gasoline
demand to be reduced by 66% and 92% below recent levels by 2035 and 2050, respectively and liquid diesel
demand to be reduced by 24% and 60% below recent levels by 2035 and 2050, respectively. By contrast, the
fuel projections developed in Stillwater’s Scenario show gasoline demand to be reduced by 17% and 24%
below recent levels by 2035 and 2050, respectively and liquid diesel demand to increase by 15% and 28%
above recent levels by 2035 and 2050, respectively. The gasoline demand destruction is about four times
greater for CARB’s ICE Ban Case than Stillwater’s Case. The diesel demand decrease for CARB’s ICE Ban
Case is about double the increase projected by Stillwater’s Case. These starkly different results have
dramatically different impacts on California’s fuel value chain and fuel consumers over the next thirty years,
which are discussed in the rest of this section.
3.2
3.2.1

Impact on California GHG Regulations
Impact of CARB’s 2035 ICE Ban Scenario on LFS and C&T

The acceleration in the electrification of the vehicle fleet envisioned in CARB’s ICE Ban Scenario and
encouraged by the ICE sales ban beginning in 2035 has major impacts on both California’s LCFS and Carbon
Cap & Trade (C&T) programs. For the LCFS, the number of credits generated would increase substantially,
creating an excess under the current CI reduction schedule that requires a 1.25% reduction in state-wide
transport fuel CI annually. Without modification, LCFS credit prices would fall enough to make importation of
renewable diesel (RD) and ethanol uneconomical. However, CARB has the authority to adjust the program as
it did in 2018 when it reduced the CI reductions required in 2019 and 2020 to match the expected levels of
credit generation. If electrification of transportation materializes as envisioned in the scenario outlined above,
CARB is likely to accelerate the LCFS CI reduction schedule rather than allowing credit prices to collapse. This
acceleration of the LCFS program would function as a sign of the program’s success and continue to
accelerate that success. If this happens, much of the liquid diesel demand remaining in the state would be
made up of RD and biodiesel (BD). In fact, there are enough RD projects currently being developed to supply
100% of the remaining 140 thousand barrels per day (KBD) of diesel demand in California in 2035. The 66%
drop in gasoline demand leaves about 340 KBD to be supplied. The resulting enormous reduction in deficits
generated from gasoline is the predominate reason for the excess of credits. Unless E15 is approved and
adopted in California, there will be a corresponding decrease in ethanol blending by 2035. This scenario for
2050, with 92% reduction in gasoline and 60% reduction in diesel demand would likely make the LCFS, as
currently structured, unnecessary. As such other programs might be developed to address the most difficult to
eliminate carbon emissions that remain in the California economy.
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The impact of this rapid electrification scenario on the C&T program could be just as significant as described
for the LCFS. Paired with the other programs to decarbonize the electricity grid, state carbon emissions would
be reduced significantly. Even if it is not restructured, the accelerated reductions in transport sector carbon
emissions from ICE Ban would cause C&T allowance prices to be lower. The price floor and containment
reserve prices increase every year by 5% plus inflation, so in constant dollars they rise by 5% per year. For
2021, the price floor has been $17.71 per allowance, and the auction settled at $17.80 per allowance in the
first quarter before rising steadily to $28.26 in the fourth auction of the year. They are currently trading at
about $31 per allowance which adds about 30 cents per gallon (cpg) cost to B5 diesel and 23 cpg cost to E10
gasoline. (For 2022, the floor price is $19.70 per allowance, and the two containment price reserves are at
$46.05 and $59.17 per allowance.) So, demand for allowances has finally increased to the point where the
auction price is near the middle of the range between the floor and price containment reserve price. It’s
realistic to believe that the difference in demand for allowances due to a successful 2035 ICE ban could lower
the allowance price from a higher to a lower price containment reserve level, which is about $12-$13 per
allowance in 2021 dollars. The difference escalates by 5%, so the value in 2035 is about $25 per allowance
and the value in 2030 is about $50 per allowance. This means that the successful 2035 ICE Ban will reduce
the cost of C&T by about 24 cpg for B5 diesel and 19 cpg for E10 gasoline in 2035, and by 48 cpg for B5
diesel and 38 cpg for E10 gasoline in 2050. To simplify these numbers, we assume the cost reductions for
fuels are 20 cpg in 2035 and 40 cpg in 2050. These reductions need to be applied to increases calculated in
the next section.
3.2.2

Impact of Stillwater’s Scenario on LCFS and C&T

For the LCFS, a case can be made that Stillwater’s Scenario results in no changes to the program’s structure
or costs since it reflects a continuation of current policies and factors impacting vehicle fleet evolution. CARB
will likely modify the program to keep it on track in providing incentives to decarbonize the transport fleet, but
these changes are a natural part of the program’s evolution. However, there may be increased costs due to
LCFS as the program increases carbon intensity (CI) Reduction. If the current CI Reduction schedule that
increases by 1.25% per year continues unchanged, the CI reduction will be 26.25% in 2035 and 45% in 2050.
At a constant LCFS credit price this would increase the costs added to petroleum fuels from today by 3 times
in 2035 and 5.1 times in 2050. At today’s credit price, the costs added are about 60 cpg in 2035 and 102 cpg
in 2050
Stillwater has estimated the costs added to fuels by C&T in 2031 of roughly 85 cpg for E10 gasoline and 105
cpg for B5 diesel by 2031 based on analysis of information provided by CaliforniaCarbon.info.8 The product
demand assumptions used for this analysis are consistent with Stillwater’s scenario, so to be conservative, we
assume that the costs added in 2035 are equal to these numbers. The costs in 2050 are assumed to escalate
from this value by 5% per year and are therefore more than double these numbers or about $1.75 per gallon
for E10 gasoline and $2.20 per gallon for B5 diesel. For simplicity, we will assume the cost added to fuels is
about $0.90 per gallon in 2035 and $2.00 per gallon in 2050.
3.3
3.3.1

Impact on Product Supply
Product Supply Impacts of CARB’s 2035 ICE Ban Scenario

The decreases in demand outlined in Section 2.1 (based on CARB’s 2035 ICE Ban Scenario) will result in
corresponding decreases in supply. By 2035, gasoline and liquid diesel demands would be reduced to 66%
and 24% of current levels, with most of the diesel being renewable.
CARB’s ICE Ban scenario shows less than 10% of current petroleum gasoline demand remaining in the state
by 2050 and diesel demand being satisfied by biomass-based diesel, which results in total petroleum product
required to be about 1 billion gallons per year (BGY) (about 65 KBD) – less than half that produced by a single
moderate-sized California refinery. Shifting to imported finished product would dramatically lengthen the
supply chain and threaten security of supply. In addition, to attract significant volumes of imports, local prices
may need to increase. For example, when the Torrance refinery was shut down in 2015, gasoline prices in
California relative to those in New York Harbor increased by about 30 cpg as shown below in Figure 24.
Figure 24. Impact of Torrance Refinery Outage on Gasoline Prices
CaliforniaCarbon.info. 2030 WCI Emissions and Price Forecast/2050 Scenarios – Analyst Note. May 24, 2021.
https://www.californiacarbon.info/2030-wci-emissions-and-price-forecast-analyst-note-may-2021/
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Sources: OPIS, NYMEX, Stillwater Analysis

In 2050, retail gasoline demand would be reduced by 92%, and diesel (including RD) demand by 35% for total
overall reduction in liquid fuel demand of about 90%. Gross margins on fuel vary significantly between all
retail sites whose owners choose to price to optimize results. They also vary according to business models
between the low-margin / high-value brands and higher margin brands that market quality and convenience.
The average gross margin reported by the California Energy Commission (CEC) which is labelled “Distribution
Costs, Marketing Costs, and Profits” in California for 2020 was for 55 cpg for branded and 66 cpg for
unbranded retail sites.9 This includes retail, delivery, and dealer costs and margins. If total delivered volumes
decline and average volume per retail site decreases by 50%, gross margin would need to roughly double to
cover marginal and fixed costs to the retailer and dealer. In addition, we expect increases in delivery costs
because of the longer distances required to deliver the fuel from fewer terminals to much fewer retail sites. As
such, the average retail price would have to increase by very roughly 25 cpg and 60 cpg in 2035 and 2050,
respectively, to account for these factors, if markets allow such recovery.
Today, gasoline stations cannot legally sell electricity – only utilities can. 10 Perhaps more accurately, retail
sites are not able to purchase power at wholesale prices, so they would need to sell it at much higher prices to
cover the cost of the infrastructure to recharge electric vehicles. However, if solid state battery technology,
which has the potential to charge EVs in just eight minutes, is proven and laws are changed to allow widespread sales through entities other than utilities, it is possible some or many of the existing liquid fuel stations
could be converted to fuel EVs.
3.3.2

9

Product Supply Impacts of Stillwater’s Scenario

https://ww2.energy.ca.gov/almanac/transportation_data/gasoline/margins/index_cms.php
https://www.kcrw.com/news/shows/greater-la/ev-emissions-auto-industry-coronavirus-remembrance/newsom-gas-cars-mandate-2035
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Stillwater’s Scenario shows 2.6 times more liquid product demand than CARB’s ICE Ban scenario in 2035 and
6.1 times more demand in 2050. With these much less dramatic reductions, we would expect to see much
less impact on refineries. The impacts on the retail business would be similarly reduced and the resulting
reductions in volume per site, additional costs added to fuels sales to cover fixed site costs, and additional
deliver costs would all be less than half as much for the Stillwater Scenario as for the ICE Ban Case, assuming
that the market would allow recovery of these costs..
Since Stillwater’s Scenario is an extrapolation of historical trends and some of the trends described in this
section have already begun. One large refinery has shut down to be converted into an RD production facility
and another has announced that it will do the same. Street prices for gasoline have increased in some
segments of the retail business where sales have decreased, apparently finding new optimum profits by not
competing with high volume dealers for low margin volumes. These trends are likely to continue, but the
additional costs of liquid fuels that result from this evolution may be less than what would result from
successful implementation of the 2035 ICE ban, as discussed in the next section.
3.4
3.4.1

Impacts on the Costs to Manufacture and Transport Liquid Fuels
Fuel Cost Impacts of CARB’s 2035 ICE Ban Scenario

The unprecedented and extreme changes to liquid fuel demand brought about by a successful ICE ban would
cause changes in supply that could impact consumers of these fuels. First, the increased length of the supply
chain resulting from some possible refinery closures reduces reliability of fuel availability and therefore
increases the chances of shortages. Second, this extension of the supply chain increases the cost to supply
fuels in 2050, by at least the 30 cpg observed in 2015 from the Torrance outage described in the last section.
Third, the possibly reduced number of retail sites means that most consumers will need to travel farther to fill
their vehicles and will have fewer choices for locations to obtain fuel. Fourth, fewer products terminals mean
longer delivery distances to retail sites. Fifth, reduced volume of sales through retail sites will increase fixed
and marginal costs with less fuel volume. Estimates of the totals of these costs are summarized in Table 4
below.
Table 4. Added Costs to Liquid Fuel Due to ICE Ban Scenario
2035 Cost Increase
2050 Cost Increase
($/gal)
($/gal)
Refinery Closures
$0.10
$0.30
Retail & Delivery
$0.25
$0.60
Total
$0.35
$0.90
As described in Section 3.2, the interactions between the ICE Ban and LCFS/C&T are complex and could
result in significant changes to both programs. Estimating the increases in LCFS costs to fuels long term is
very difficult and the program may well be changed significantly. However, if it remains in place through 2050,
the CI reduction levels would have to increase significantly faster than the present program to meet the more
aggressive long term carbon reduction goals. Today, LCFS adds about 20 cpg to fuels costs with an 8.75% CI
reduction requirement and relatively high credit prices over $180 per metric ton attracting low carbon fuels. At
the current rate of increasing CI reductions, the standard will increase to 26.25 reduction by 2035 and 45%
reduction by 2050. However, these reductions will not come close to achieving the goals of carbon neutrality
by 2050. If we assume that CARB doubles the CI reduction targets from 1.25% reduction per year to 2.5%
reduction per year beginning in 2025 to account for the progress made in the ICE Ban Scenario, they will be
about 40% by 2035 and 77.5% by 2050. (With a 92% reduction in gasoline demand and mostly renewable
products in the diesel pool, this goal would be achievable.) If credit prices remain constant at today’s levels of
$143 per MT, the cost added to fuels by LCFS will increase to about 91 cpg in 2035 and 177 cpg in 2050 for
CARB’s 2035 ICE Ban Scenario.
In Section 3.2.2, Stillwater estimated the costs added to fuels by C&T for a case like the Stillwater Scenario
would be $0.90 per gallon in 2025 and $2.00 per gallon in 2050. In Section 3.2.1, we estimated that the ICE
Ban Scenario would lower these C&T costs by about 20 cpg in 2035 and 40 cpg in 2050. Therefore, the
additional costs from regulations for the ICE Ban Scenario are summarized below in Table 5 below.
Table 5. Projected Fuel Costs from LCFS and C&T in – ICE Ban Scenario
2035 Cost Increase
2050 Cost Increase
($/gal)
($/gal)
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C&T, Minimum
LCFS, Estimated
Total
3.4.2

$0.70
$0.91
$1.61

$1.60
$1.77
$3.37

Fuel Cost Impacts of Stillwater’s Scenario

As discussed in Section 3.3.2, we estimated that the estimated increase in supply costs for the Stillwater
scenario to be about half that of the ICE Ban Scenario listed in Table 4 because the volume reductions are
correspondingly smaller. Reduced gasoline demand combined with increased displacement of petroleum
diesel with renewables result from the technology changes happening and the LCFS program that is already in
place even without an ICE Ban. These costs are summarized below in Table 6.
Table 6. Added Costs to Liquid Fuel – Stillwater Scenario
2035 Cost Increase
2050 Cost Increase
($/gal)
($/gal)
Refinery Closures
$0.05
$0.15
Retail & Delivery
$0.12
$0.30
Total
$0.17
$0.45
The impacts of Stillwater’s Scenario on LCFS and C&T are discussed in Section 3.2.2. These are summarized
below in Table 7.
Table 7. Added Liquid Fuel Costs from LCFS and C&T – Stillwater Scenario
2035 Cost Increase
2050 Cost Increase
($/gal)
($/gal)
C&T, Estimated
$0.90
$2.00
LCFS, Estimated
$0.60
$1.02
Total
$1.50
$3.02
3.4.3

Fuel Cost Increases to Operators of ICE Vehicles

The total increases to fuel costs to operators of ICE vehicles would be due to the increased supply and GHG
regulation costs. These increases for CARB’s 2035 ICE Ban Scenario were listed in Tables 4 and 5 and are
summarized below in Table 8, which shows additional fuel costs could be more than $4 per gallon by 2050.
Table 8. Total Additional Fuel Costs – CARB’s 2035 ICE Ban Scenario
2035 Cost Increase
2050 Cost Increase
($/gal)
($/gal)
Supply Issues
$0.35
$0.90
GHG Regulations
$1.61
$3.37
Total
$1.96
$4.27
With Stillwater’s demand projections, the total additional supply costs added to fuels are in the long term about
half of those shown in Table 8. In this case, total added costs from LCFS are lower per gallon but higher for
C&T than for CARB’s 2035 ICE Ban Scenario. The total cost increase by 2050 for the Stillwater Case is quite
large - $3.42 per gallon.
3.5 Vehicle Consumer Segments in California
Under a 2035 ICE Ban Scenario, who will be driving EVs in 2035 and beyond and who will be driving the
residual ICE vehicles after their sales are banned in California? The evidence to-date indicates that less
affluent families will be the ones unable to purchase EVs and therefore will continue driving older ICE vehicles
and left to purchase liquid fuels.
EVs have inherently higher purchase prices than their gasoline counterparts. Table 9 below lists price
differentials between similar models of EVs and ICE vehicles. For example, Ford announced the 2022 model
year, F150 electric truck with a $39,974 MSRP price and a $29,950 gasoline version. The difference in price
for the Honda Fuel Cell Vehicle is even greater than those of the EVs listed. Growing ZEVs’ future sales and
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garnering higher consumer acceptance will generally require either dramatic reductions in production costs or
significantly more incentives for consumers and mandates for manufacturers.
Table 9. Price Differential Between Similar EVs and ICE Vehicles
ICE Vehicle
ZEV
Price Difference
Vehicle

Ford F150 Gas

Ford F150 Electric

MRSP

$29,950.00

$39,974.00

Vehicle

Nissan Altima - Gas

Hyundai Kona Electric

MRSP

$24,450.00

$37,390.00

Vehicle

Nissan Altima - Gas

Nissan Leaf - Electric

MRSP

$24,450.00

$31,670.00

Vehicle

Honda Accord

Honda Clarity - Fuel Cell

MRSP

$36,900.00

$58,490.00

Vehicle

Chevy Sonic

Chevy Bolt EV

MRSP

$21,520.00

$36,500.00

$10,024.00
$12,940.00
$7,220.00
$21,590.00
$14,980.00

What does the data say about consumers who are buying new EVs? Table 10 below shows the results of
2019 survey of car owners: 11
Table 10. New Car and Truck Buyer Demographics by Income
Plug-in
Household Income
Sedan
SUV
Truck
Hybrid
Under $50K
39%
31%
37%
21%

BEV
20%

$50K to $75K

18%

19%

20%

12%

16%

$75K to $100K

9%

10%

10%

10%

4%

Over $100K

34%

40%

33%

57%

60%

The reasons for low adoption rates in lower income households include:
1. EVs cost significantly more than comparable ICE vehicles.
2. The lack of reliable at home Level 2 charging for a 240 Volt plug. 12
3. Renters who do not have garages have difficulty finding space to charge EVs. (According to the U.S.
Department of Housing and Urban Development (HUD), 64% of renters have low incomes (defined as
below 80% of median income), and 26% of renters have extremely low incomes (defined as below
30% of median income). 13
Families with household incomes below $25,000 rarely buy new cars. As shown in Figure 25 below, a study
by Green Car Reports found that as household income increases, the likelihood that that household would
purchase a new car also increases. 14 In fact, as shown in the figure below, households with incomes above
$200,000 per year are ten times more likely to purchase a new car than a family with income below $20,000
per year. The U.S. Census Bureau found in 2020 that over 25% of households earning less than $25,000 per
year do not own a vehicle and according to the U.S. Bureau of Labor Statistics the cost of owning vehicles for
the low-income households is a much higher percentage of their income than that of high-income
households.15
Figure 25. Percent of Households that Buy New Vehicles Versus Household Income

11

http://hedgescompany.com/blog/2019/01/new-car-buyer-demographics-2019
https://www.cnet.com/roadshow/news/ev-owners-switch-gas-power-study/
https://www.jchs.harvard.edu/sites/default/files/02_harvard_jchs_americas_rental_housing_2017.pdf
14 https://www.greencarreports.com/news/1120538_study-finds-what-trump-is-missing-about-fuel-economy-poor-people-dont-buy-newcars
15 https://theicct.org/sites/default/files/publications/EV-equity-feb2021.pdf
12
13
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Source: Green Car Reports using Bureau of Labor Statistics

Low-income families purchase far fewer new cars because it is less expensive to repair used cars when
needed. In the May 2021 issue of Consumer Reports magazine, a reader asked their experts “When does it
cost more to repair an old car than buy a new one?” 16 The answer was “almost never.” Edmonds.com provided
a similar answer to the question: “It is almost always less expensive to repair a car than buy a new one.
Although something as severe as a blown motor or failed transmission will run you between $3,000 and
$7,000 to replace at a dealership, such repairs still don’t cost as much as buying a new car.” 17 The key
takeaway from these observations is that many people do not buy new cars either because they cannot afford
it or are just frugal. As new cars become more expensive, they will be priced out of the market for people who
cannot afford new cars at current prices.
The higher prices of EVs are clearly contributing to their slow rate of adoption, and the fact that lower income
families are even more sensitive to higher prices strongly indicate that they will be among the last adopters of
the technology. Therefore, the owners of remaining gasoline vehicles operating after the 2035 ICE Ban are
likely to be predominately lower income households. 18 These households will generally bear most of any
possible additional fuel costs which are estimated to be over $4 per gallon in CARB’s 2035 ICE Ban Scenario
and were calculated in Section 3.4 above.
3.6
3.6.1

Potential Impact to State Revenues
Estimated State Revenues at Today’s Rates

In this section, we estimate the total revenues from taxes, fees, and the C&T program. To do this, we apply
today’s tax, fee, and C&T revenues to the today’s product demand described in Section 2 above.
In California, the current gasoline taxes and fees applied to gasoline are: 19
1. Federal Excise Tax – This includes an 18.3 cpg component for the Highway Trust fund and an 0.1
cpg component for the federal Leaking Underground Storage Tank Trust Fund.
2. California State Excise Tax – This tax revenue is deposited into the State Transportation Fund. In
2017, the state legislature passed Senate Bill 1, the Road Repair and Accountability Act of 2017,

16

https://www.consumerreports.org/cro/magazine/2021/05/index.htm
https://www.edmunds.com/car-maintenance/fix-up-or-trade-up.html
18 A small but significant minority of these owners will also be more affluent families that have restored vintage cars. Since these are
driven far fewer miles that typical vehicles, the fraction of fuel demand for these will be small.
17

19

https://stillwaterassociates.com/sacramento-policymakers-drive-californias-high-gasoline-prices/
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3.

4.

5.

6.

which raised the excise taxes on motor fuels effective November 2017 and provided to inflation adjust
the tax rate. The current excise tax rate is 50.5 cpg.
Sales Tax – Sales taxes are applied to the price of gasoline like but at a lower rate than general sales
taxes. The sales tax rate in any given location includes county, transit, and local sales taxes in addition
to the state sales tax. Average sales tax is 3.6% (the state portion of the sales tax is 2.25%) and the
current cost added is about 10.7 cpg.
Underground Storage Tank Fee (UST) – UST is used to provide revenue for the state’s
Underground Storage Tank Cleanup Fund. The primary purpose of the fund is to provide financial
assistance to the owners and operators of underground storage tanks to remediate conditions caused
by leaks, reimbursement for third-party damage and liability, and assistance in meeting federal
financial responsibility requirements. The current CA UST tax rate is 2.0 cpg.
Fuels Under the Cap (FUC) – This is part of California’s C&T program that requires fuel suppliers to
purchase Allowances (basically a license to emit a ton of GHG) to offset the GHG from the combustion
of the petroleum portion of the fuel blend. This fee will vary with the price of C&T Allowances. This
provision was applied to gasoline in 2015. At the recent C&T allowance price of $31 each, this
corresponds to about 26 cpg.
LCFS – This program that began in 2011, requires suppliers of high CI fuels, like the petroleum portion
of gasoline, to purchase credits from suppliers of low-CI fuels such as ethanol, biodiesel, renewable
diesel, renewable natural gas, and electricity. Through 2015, the cost of the LCFS was low, but as the
price of credits has increased and the LCFS standards have tightened, the costs have become more
significant. This fee will vary with the price of LCFS Credits and will increase as the annual LCFS
standard is scheduled to become more stringent through 2030. At recent LCFS credit prices, this
amounts to 22.6 cpg.

The federal excise tax revenues go to the federal government, and most of the LCFS costs added to
petroleum gasoline are transferred to the suppliers of low-carbon fuels, so these revenues are not specifically
allocated to California state and local governments. However, the other four components in the taxes and fees
listed above that generate in-state revenues will decline because of the elimination of both petroleum and
renewable liquid fuels that results from the ICE ban. The estimated current annual revenues from these are
tallied in the table 11 below.
Table 11. Estimated Current Annual California State Revenues from Gasoline Sales
Tax/Fee
Price per Gallon
Estimated Tax/Fee
Income for State
Excise Tax
50.5 cpg
$7.7 billion
Sales Tax
10.7 cpg
$1.7 billion
UST Fee
2.0 cpg
$0.3 billion
C&T FUC
26.0 cpg
$3.6 billion
Total
77.5 cpg
$13.3 billion
Diesel fuel is taxed differently than gasoline. On-road diesel sales tax is 13% plus an excise tax of $0.389 per
gallon.20 Meanwhile, off-road diesel is taxed at 7.25% (6% state and 1.25% local21), and agricultural use of
diesel is given a partial exemption for some of the taxes levied by the tax code 22 which results in a sales tax of
about 2.25%. However, off-road sales are small, and reported taxable sales volumes are adjusted for different
rates and for diesel fuel purchased in California but consumed in other states. In addition, the cost of the C&T
program added to diesel fuel is similar to (but slightly greater than) that added to gasoline. The total costs
added per gallon to diesel in 2019, therefore, total approximately $0.39 (excise) + $0.38 (sales) + $0.31 (C&T)
which equals $1.08 per gallon. (Note that C&T costs only apply to petroleum diesel which only makes up about
70% of the diesel pool.) Applying these taxes to the total taxable diesel sales reported in 2019, which we use
as a proxy for 2021 sales, of about 3.1 billion gallons net of refunds, 23 results in an estimated $3.4 billion in
revenue into California. Using 2019 volumes as a foundation, because 2020 volumes were irregular due to
pandemic-related impacts, we estimate total revenues from fuel taxes, fees, and C&T at current rates to total
about $16.9 billion per year. The diesel revenues are summarized in Table 12.
Table 12. Estimated Current Annual California State Revenues from Diesel Sales
https://www.cdtfa.ca.gov/taxes-and-fees/sales-tax-rates-for-fuels.htm#note2-diesel
https://www.cdtfa.ca.gov/taxes-and-fees/sales-tax-rates-for-fuels.htm
22 https://www.cdtfa.ca.gov/lawguides/vol1/sutr/1533-2.html
23 https://www.cdtfa.ca.gov/taxes-and-fees/spftrpts.htm
20

21
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Tax/Fee
Excise Tax
Sales Tax
C&T FUC
Total

3.6.2

Price per Gallon
$0.39
$0.38
$0.31
$1.08

Estimated Tax/Fee
Income for State
$1.2 billion
$1.2 billion
$0.7 billion
$2.9 billion

Estimated Future State Revenues – CARB’s 2035 ICE Ban Scenario

If we assume that the rates paid for taxes and fees do not change over time, we can estimate the changes in
state revenues directly from the estimated changes in volume (gasoline demand for this scenario is estimated
to be reduced by 66% in 2035 and 92% in 2050, and diesel demand for this scenario are estimated to be
reduced by 34% in 2035 and 60% in 2050). However, the revenues from C&T are more complex because
they are expected to increase over time and are different between the two scenarios as we have described in
previous sections.
The rates charged for these taxes and fees will likely change over time as they have in the past. (For example,
minimum C&T costs increase by 5% plus inflation per year and this year actual costs increased much more.) It
is clear, however, that if gasoline demand drops by 66% in 2035 and 92% by 2050, the revenues from the
taxes and fees will decline by nearly $8 billion annually by 2035 and nearly $11 billion annually by 2050, even
if the C&T allowance prices do not escalate by 5% per year as required by the regulation.
Using the demand projections discussed in Section 2, the above calculations of tax revenues, and assuming
taxes increase with inflation, approximate changes in tax revenues in 2021 dollars are listed in Table 13 below.
Table 13. Projected of State Fuel Revenues in California – ICE Ban Scenario
Year
Taxes and Fees
C&T Revenues ($
Total Fuel Revenues
($ Billions)
Billions)
($ Billions)
2021
12.0
4.3
16.3
2035
4.3
3.0
7.3
2050
1.8
2.0
3.8
Overall, revenues from taxes and fees are reduced by over $10 billion per year by 2050 due to reduced sales
and revenues at unchanged tax rate, and revenues from C&T drop by $0.5 billion since allowance prices are
modelled to increase enough to compensate for much of the decline in demand. The C&T prices used for this
scenario are 20 cpg and 40 cpg lower than those used for the realistic scenario to account for the much lower
carbon emissions from reduced fuel demand.
3.6.3

Estimated Future State Revenues – Stillwater Scenario

When the same calculations are applied to the Stillwater Scenario, projected changes in state revenues from
fuels are listed below in Table 14. Revenues from taxes and fees decline slightly from reduced gasoline sales
that are partially offset by the increase in liquid diesel sale. The C&T revenues are shown to increase
dramatically because of the assumption that allowance price would increase by 5% per year from an estimated
price projected for 2035 of about $100 per allowance which would place a value for allowances in 2050 over
$200 each. These future costs are almost completely from the gasoline pool since most of the diesel pool is
projected to consist of renewables by 2035. Projecting these prices out to 29 years in the future is not possible
since the C&T program will have to change over time. The key point here is that relatively small reductions in
demand will result in similar reductions in taxes and fees but large increases in C&T revenues over time.
Table 14. Projected Impacts on California Fuel Revenues – Stillwater Scenario
Year
Taxes and Fees
C&T Revenues ($
Total Fuel Revenues
($ Billions)
Billions)
($ Billions)
2021
12.0
4.3
16.3
2035
10.9
11.4
22.2
2050
10.5
22.1
32.6
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3.7

Impacts on Adjacent States

The California ICE Ban will have several impacts on adjacent states. Some Californians who want to purchase
ICEVs will cross the border to buy these and return to California. Arizona, Nevada, and to a lesser extent,
Oregon should expect an increase in vehicle sales after 2035. In addition, there is a significant amount diesel
demand in California that is used to transport goods imported into California ports and then on to other nearby
states. Since EV fueling infrastructure will not likely develop as quickly in states adjacent to California, most of
the trucks used to move these goods will be powered by diesel engines. Some of this demand is likely migrate
out of California for cost and logistical reasons. Therefore, the ICE ban in California will likely provide some
amount of economic benefit to the states of Arizona, Nevada, and Oregon.
If vehicle sales turn out to change as described in the Stillwater Scenario, the impacts on adjacent states will
be negligible since this case is a continuation of the current long-term trend.
3.8

What Happens if California Enacts the ICE Ban Despite Current Trends

Figure 5 in Section 2.1 shows CARB’s assumed linear reduction in ICE vehicle sales to zero by 2035 for its
ICE Ban Scenario. Figure 26 below shows Stillwater’s projection of how ICE sales are likely to change with a
continuation of historical trends. Instead of ICE vehicle sales being zero in 2035, they are projected to be 88%
of sales in that year. If this projection is remotely close to reality, the state of California would likely defer the
ban as it has in the past deferred CARB’s previous ZEV mandates described and shown in Figure 18. If
vehicle sales continue in the future as projected in the Stillwater Scenario and the ban were implemented in
2035, sales of ICE vehicles would decline from about 2.2 million in 2034 to zero, which would cause enormous
upheaval in the automobile supply chain. New EV sales would increase suddenly from about 300,000 to
perhaps 1 million or so, but total new car sales would likely drop by more than 60%, putting tremendous
pressure on the used car market by a sudden increase in demand that would be many times greater than what
has been observed during the COVID crises when new auto sales were curtailed due to global supply chain
issues. Some of these ICE vehicle sales would probably move into adjacent states, but the impact on
California dealerships would be profound. This possibility is one of the reasons that the state of California
would probably not implement the ICE Ban in 2035 if sufficient progress towards that goal is not made in the
next 12 years or so.
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Figure 26. Stillwater Projection of ICE Sales Based on Historical Precedents

Source: Stillwater Analysis of New Vehicle Sales Trends
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