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Abbreviations
AB32 California Assembly Bill 32 – the Global Warming Solutions Act

ARB California Air Resources Board

BEV Battery electric vehicle

BLS U.S. Bureau of Labor Statistics

CalEPA California Environmental Protection Agency

CARB California Air Resources Board

CEC California Energy Commission 

CGE Computable General Equilibrium

CI Carbon intensity

DAC Disadvantaged Community

DOF Department of Finance

EV Electric vehicle

GHG Greenhouse gases

GSP Gross state product

GWh Gigawatt hours

HFC Hydrogen fuel cell

ICE Internal combustion engine

IVC Incremental vehicle cost

kWh Kilowatt hours

LTES Long-term Energy Scenarios

LCFS Low Carbon Fuel Standard

LRT LCFS Reporting Tool

LTES Long-term Energy Scenarios

MMTCO2e Million metric tons carbon dioxide-equivalent

MW Megawatts

PEV Plug-in electric vehicle

PHEV Plug-in hybrid electric vehicle

RPS Renewable Portfolio Standard

ZEV Zero-emission vehicle
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Executive Summary
California’s transportation sector is the largest contributor of green-

house gas emissions in the state, accounting for 41 percent of statewide 

emissions.1 Electrification of the light vehicle fleet is an essential compo-

nent of the state’s ambitious plans to reduce global warming pollution. 

While adoption of plug-in electric vehicles (PEVs) has been relatively 

gradual and unequally distributed across the population, overall adop-

tion is likely to accelerate as prices continue to drop, technology contin-

ues to improve, and more mass market vehicles become competitive. To 

promote more inclusive access to these innovative vehicle technologies, 

the state is considering more targeted incentives. 

To help elucidate some of the potential impacts and 

benefits of broader PEV adoption, this study assesses 

the economic implications of the projected increase in 

electric vehicle use with a long-term economic fore-

casting model. Four scenarios were considered in order 

to illustrate the consequences of different pathways 

for large-scale electrification of the light vehicle fleet 

(Table ES.1), with two key factors informing the varia-

tions between each scenario: (1) electric vehicle adop-

tion patterns and (2) Incremental Vehicle Costs (IVC)—

or the incremental cost of purchasing a higher-priced 

PEV instead of an otherwise comparable conventional 

internal combustion engine (ICE) vehicle. The adoption 

patterns vary among the scenarios, with the Baseline 

assuming current adoption patterns—meaning greater 

adoption at higher-income levels—while the other 

scenarios assume the adoption patterns converge by 

2030 or 2050.1

The study found that vehicle electrification under 

the scenario with relatively more conservative cost 

assumptions would confer significant economic ben-

efits by both 2030 and 2050—resulting in increases 

to Gross State Product (GSP), employment, real 

household incomes, and state revenue. These results 

1 2019 California Green Innovation Index. Next 10. October 8, 2019. Available at: https://www.next10.org/publications/2019-gii

indicate that wider and more rapid PEV adoption will 

benefit most Californians—whether they buy a PEV or 

not—by stimulating the overall economy and reduc-

ing harmful criteria pollution. The study also finds that 

promoting PEV adoption in lower-income communities 

improves both economic and health benefits to them 

without significantly reducing benefits to others. 

KEY FINDINGS INCLUDE: 

• Light-duty vehicle electrification can be a potent 

catalyst for California’s economic growth between 

2020 and 2030, stimulating job growth directly and 

indirectly across the economy. 

 » By 2030, vehicle electrification will increase Califor-

nia’s GSP by between $82 billion to $142 billion, 

depending on the scenario. 

 » Real income is projected to increase substantially—

ranging from between $311 billion to $357 billion 

in 2030, depending on the scenario. 

 » Study authors calculated an estimated increase of 

394,000 new jobs in 2030 under the relatively more 

conservative scenario (LTES)—and more than half a 

million new jobs under the scenarios that account 
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for declining costs and increasing availability of 

PEVs. These do not include the substantial employ-

ment gains that exceed direct job creation.   

 » This overall economic expansion has significant 

fiscal benefits–generating billions in additional 

revenue per year from existing tax instruments. 

• Looking out to 2050, the economic benefits in-

crease by seven to eight times, depending on the 

scenario, over those in 2030 as the growth divi-

dends from more efficient mobility are amplified. 

 » Money that would otherwise go to out-of-state en-

ergy companies is instead spent on largely in-state 

goods and services. Even in the conservative LTES 

scenario, vehicle electrification increases Califor-

nia’s GSP by about five percent by 2050. 

 » In the scenarios (Innovation and Equity) that reflect 

more realistic vehicle cost reductions, the gains are 

almost twice as large. 

• Individual Californians gain from increased eco-

nomic growth associated with fuel cost savings 

due to vehicle electrification, whether they buy a 

new car or not.

• Because households and enterprises spend their 

fuel savings primarily on services, employment and 

income benefits are proportionately higher among 

Disadvantaged Communities (DACs).

 » DACs will experience relatively higher job growth 

and larger per capita economic benefits from 

reduced mortality. 

 » Air pollution reductions from large-scale electric 

vehicle adoption also benefit DAC households 

more than higher-income groups due to de-

creased health costs.

POLICY CONSIDERATIONS

• Most of the benefits of PEV adoption occur regardless 

of who adopts the vehicles, but if policies can acceler-

ate adoption in DACs, these groups will benefit more 

from direct savings and local pollution reduction, and 

California will come much closer to achieving its long-

term pollution reduction goals.

• Creating a market to incubate the next generation 

of fuel-efficient vehicles could promote job growth 

across California’s economy while capturing national 

and global market opportunities for technology de-

velopment.

• Benefits to GSP and income dwarf the amounts ac-

cruing to other policies, such as California’s cap-and-

trade program and the budgets thus far committed to 

clean vehicle incentive programs. Under any of the al-

ternative scenarios considered, increased vehicle fleet 

electrification could be very lucrative for the state.

• While the current federal administration’s approach 

toward California’s authority to regulate vehicles 

provides some uncertainty, the fiscal authority to offer 

economic incentives is much more secure. The state 

could consider pursuing and expanding incentives 

more aggressively to optimize net benefits, such as 

reduced GHG emissions and a variety of economic 

and health co-benefits that are discussed in this study. 

ANALYSIS APPROACH & RESULTS

To review the initial evidence, the study begins with 

a summary of the latest research on emerging PEV 

technology. A set of scenarios (detailed in Table ES.1) 

are established that reflect the current policy dialogue 

on how to advance California vehicle electrification, and 

in particular, how to do so more inclusively. Included in 

the analysis is an evaluation of the challenges for Dis-

advantaged Communities (DACs) to adopt and benefit 

from innovative vehicle technologies that have hereto-

fore been out of reach. A more detailed description of 

scenario assumptions is provided below, including visual 

representations of adoption patterns that drive each 
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scenario (Figure ES.1). Results for the macroeconomic 

assessment and DAC assessment are then presented for 

the two milestone years 2030 and 2050.

The scenarios analyzed differentiate the pattern of 

PEV adoption over time, using the state’s aggregate 

GHG reduction commitment as the reference. This 

study assumes that the light-duty vehicle fleet will 

reduce its aggregate GHG emissions 40 percent below 

the 1990 level by 2030 and 80 percent below the 

same level by 2050. It is also assumed that these goals 

are achieved with a fleet that blends four categories 

of vehicles: ICE, PHEV, BEV, and HFC. The adoption 

scenarios do not mandate full electrification by 2050, 

but assume BEV and HFC vehicles have zero emissions 

(including electric power source emissions) and PHEVs 

have half of the emissions of ICE vehicles. Finally, ICE 

vehicles are assumed to deliver efficiency improve-

ments as mandated by the state over the same period.

Having specified the composition of the aggregate 

vehicle fleet, what remains is to determine who owns 

the vehicle types and what are their comparative costs. 

As already indicated, IVC profiles for PEVs are evalu-

ated that are relatively High (Baseline), Medium (LTES), 

and Low (Innovation and Equity). In terms of owner-

ship, the first three scenarios assume that the income 

2 lutsey, Nic, et. al. “update on electric vehicle costs in the united States through 2030.” The International Council on Clean Transportation. 
April 2, 2019. Available at: https://theicct.org/sites/default/files/publications/ev_cost_2020_2030_20190401.pdf

group shares of the vehicle fleet remain at today’s 

levels until 2030, but then converge to the same shares 

of vehicle types as the aggregate fleet by 2050. In the 

Equity scenario, it is assumed that all income groups 

converge by 2030. In other words, the incremental 

costs and benefits of the aggregate fleet are shared 

equally by all households by 2050 in the first three sce-

narios, but 20 years earlier in the Equity scenario. 

This assessment does not explicitly model vehicle 

consumer behavior, only the consequences of alternative 

adoption patterns that can be envisioned by policy mak-

ers. The goal of this study is to illustrate economic benefits 

of these alternative adoption pathways across the state as 

a whole in an effort to strengthen evidence supporting the 

choice of policy objectives—not to prescribe interventions 

that would induce a given adoption pathway.

Macroeconomic Impacts in 2030

The study finds that vehicle electrification under LTES cost 

assumptions would confer significant economic benefits 

from direct and indirect demand stimulus, and that these 

combine to increase Gross State Product (GSP), employ-

ment, real household incomes, and state revenue. The 

Innovation scenario incorporates more recent and signifi-

cantly lower vehicle cost estimates from the International 

TABLE ES.1 Scenarios Evaluated in the Present Study

SCENARIO DESCRIPTION ADOPTION INCREMENTAL 
VEHICLE COST

1 Baseline A reference Scenario with existing policies in force to 2050. Baseline 
policies are complemented by revised adoption and use cost 
estimates commissioned by CEC from E3. Vehicle technology costs 
are assumed to remain constant at current levels.

Constant adoption 

shares among income 

groups

High

2 LTES Incorporates E3 technology cost estimates for vehicles, declining 
over time.

Equal shares by 2050 Medium

3 Innovation LTES policies to 2030 and 2050, taking account of more recent 
vehicle technology cost estimates.2

Equal shares by 2050 Low

4 Equity The LTES scenario with PEV purchase shares equalizing across 
California income groups by 2030.

Equal shares by 2030 Low

Source: Authors’ Analysis
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FIG ES.1 PEV Adoption Patterns in DACs by Scenario, 2030
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Council on Clean Transportation3 and significantly improves 

the aggregate economic stimulus. Finally, more equitable 

vehicle adoption pathways yield essentially the same over-

all benefit, but the composition differs in important ways. 

Once again, it should be emphasized that the threefold 

stimulus from accelerated PEV deployment creates growth 

and jobs broadly across the economy, with many Cali-

fornians benefitting whether they by a PEV or not. 

Percent changes are useful in comparing the relative 

impacts between different scenarios, but do not give 

a clear idea to the magnitude of these effects. In-

deed, the fiscal dimensions of California climate policy 

has great significance for many public programs and 

private parties who bear costs and benefits of policies. 

3 lutsey, Nic, et. al. “update on electric vehicle costs in the united States through 2030.” The International Council on Clean Transportation. 
April 2, 2019. Available at: https://theicct.org/sites/default/files/publications/ev_cost_2020_2030_20190401.pdf

Table ES.3 presents the estimated macroeconomic 

impacts in inflation-adjusted 2016 dollars. 

These results illustrate the size of the impacts with 

GSP increasing some $82 to $142 billion in 2030, de-

LTES

Innovation

Equity



10exeCuTIve SummARy    | NEXT 10

pending on the scenario. Real income is projected to 

increase substantially—ranging between $311 billion 

to $357 billion in 2030, depending on the scenario. 

Perhaps the most arresting feature of these numbers is 

how they dwarf the amounts accruing to (e.g.) Califor-

nia’s cap-and-trade mechanism, as well as the budgets 

thus far committed to clean vehicle incentive programs. 

If more vehicle fleet electrification can deliver even a 

fraction of the estimated revenue for any of the alterna-

tive scenarios considered, it could be very lucrative for 

the state. The disparity in program and impact numbers 

is hardly surprising, even before considering multiplier 

effects. Energy program revenues are based on marginal 

fuel and other user taxes, while large-scale PEV adop-

tion recycles household and enterprise savings from cut-

ting back between 40 to 80 percent of what Californians 

traditionally spend on gas for vehicles.4

This finding points to another important policy issue 

for California—reliance on incentives over standards. 

Currently, there are persistent uncertainties regard-

ing the state’s authority to regulate vehicles and other 

energy use technologies. Fiscal authority to offer eco-

nomic incentives is much more secure, and our results 

suggest the state could pursue this much more aggres-

sively, reaping net benefits in terms GHG emissions and 

a variety of economic and health co-benefits discussed 

in this study. The scope for incentives can also be 

significantly expanded, to include purchaser prices, 

financing, vehicle sharing, dealer and manufacturer in-

centives, infrastructure (e.g. charging) and component 

technology subsidies. 

With regard to jobs, the study found an estimated 

increase of 394,000 new jobs in 2030 with higher-cost 

PEVs, to over half a million new jobs with more recent, 

lower vehicle purchase and operating cost projections. 

It should be noted that overall employment gains 

significantly exceed direct job creation that can be 

expected from increased PEV sales. 

4 Annual gasoline demand in California is currently about 15 billion gallons, the retail value of which is about $60 billion.

Finally, it should also be noted that overall economic 

expansion has significant fiscal benefits, generating 

billions in additional revenue per year from existing tax 

instruments. Much larger than California’s anticipated 

cap-and-trade revenue, it is a reminder that pro-growth 

aspects of new vehicle adoption policy can yield sub-

stantial new resources for reinvestment in public goods 

and services.

TABLE ES.2 Macroeconomic Impacts in 2030 -        
Percentages (Change from  
Baseline in 2030) 

LTES INNOVATION EQUITY

Gross State 
Product ($B)

1.48% 2.55% 2.54%

Real Output 2.18% 3.10% 3.08%

Employment 1.44% 1.95% 1.94%

Real Income 2.92% 3.99% 4.16%

In State 
Revenue

1.45% 2.51% 2.50%

Source: Authors’ Analysis

Source: Authors’ Analysis

TABLE ES.3 Macroeconomic Impacts in 2030 -  
Absolute Levels (Difference from     
Baseline in 2030; 2016 $ Billions  
Unless Noted) 

LTES INNOVATION EQUITY

Gross State 
Product ($B)

82 142 141

Real Output 179 256 254

Employment 394 532 530

Real Income  311 351 357

In State 
Revenue

4 7 7
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Macroeconomic Impacts in 2050

Extending this analysis to 2050 significantly amplifies 

the growth dividends associated with more efficient 

mobility (Tables ES.4 and ES.5). Like interest, energy 

and other use savings from more efficient technology 

compound over time, where the multiplier in this case 

comes from the expenditures diverted from (largely 

imported) energy fuels to in-state goods and (pre-

dominately) services. The result is that extending the 

scenario horizon threefold (from 10 years in the future 

to 30 years) increases economic benefits (real GSP) by 

seven to eight times, depending on the scenario. Even 

in the relatively conservative LTES scenario, vehicle 

electrification increases California GSP by about five 

percent by 2050, assuming the state meets its adop-

tion goals under a relatively high-cost scenario. With a 

greater reduction in vehicle costs, the gains are almost 

twice as large. Because adoption patterns between 

2030 and 2050 are essentially the same for the In-

novation and Equity scenarios, they differ little by the 

final year. Having said this, it should be emphasized 

that these two scenarios have very different effects on 

economic inequality.

The macroeconomic drivers of these three scenarios 

are simply described. As was already established by 

in the independent assessment of CEC’s Long-Term 

Energy Strategy (LTES), investments in new and more 

efficient clean energy provide significant net stimulus 

to the California economy.5 Decomposing the PEV 

component of this in the LTES scenario shows how 

important vehicle electrification is to statewide effi-

ciency gains and growth. When more recent estimated 

improvements in vehicle cost effectiveness are taken 

into account with the Innovation scenario, the growth 

stimulus is even greater. Finally, promoting PEV adop-

tion among lower-income households distributes these 

household economic benefits more inclusively.

5 Roland-Host, D., D. behnke, S. evans, C. H. Springer, S. Heft-Neal. Senate bill 350 Study, volume vIII: economic Impact Analysis. 
California State Senate, 2016.

HOUSEHOLD IMPACTS BY 
INCOME GROUP
To assess prospects for inclusive vehicle adoption, the 

BEAR model—which has the ability to forecast results 

for each state income tax bracket—was used to exam-

ine scenario impacts across different California income 

groups. Given that the benefits from transitioning to 

electric and other zero-emission vehicles will not be 

TABLE ES.4 Macroeconomic Impacts in 2050 -  
Percentages (Change from 
Baseline in 2050)

LTES INNOVATION EQUITY

Gross State 
Product ($B)

4.94% 9.24% 9.22%

Real Output 6.00% 10.51% 10.48%

Employment 2.86% 4.03% 4.02%

Real Income 7.80% 12.74% 12.81%

In State 
Revenue

4.70% 8.81% 8.79%

TABLE ES.5 Macroeconomic Impacts in 2050 -  
Absolute Levels (Difference from 
Baseline in 2050; 2016 $ Billions 
Unless Noted)

LTES INNOVATION EQUITY

Gross State 
Product ($B)

614 1,150 1,147

Real Output 1118 1,956 1,952

Employment 
(,000)

1290 1,816 1,812

Real Income 1,216 1,489 1,494

In State 
Revenue

29 55 54

Source: Authors’ Analysis

Source: Authors’ Analysis
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uniformly distributed across the popula-

tion, this feature of the model is par-

ticularly relevant. The results for income 

impacts by decile are illustrated in Figure 

ES.2. Here the essential macroeconomic 

drivers of vehicle electrification can be 

seen—both in terms of aggregate income 

growth and its distribution. Simply put, 

more efficient vehicles confer income 

benefits on their owners, and these 

propagate across multiplier linkages to 

the rest of the state economy. Even when 

lower-income households capture larger 

benefits from accelerated adoption rates, 

these indirect linkages protect most of 

the gains for higher-income groups. 

The LTES scenario assumes the state 

would progress toward uniform PEV 

adoption by 2050. The Innovation 

scenario adhered to the same adoption 

pathway but offered greater PEV owner 

savings via more optimistic vehicle cost 

trajectories. Finally, the Equity scenario 

shifted PEV purchasing to achieve equal 

ownership rates across income groups 

by 2030, meaning the same overall PEV 

deployment, but more rapid adoption among lower-

income groups. The primary difference between these 

scenarios was the consequent distribution of PEV 

purchase costs and use savings. The economy and all 

income groups gained from lower cost vehicle deploy-

ment (LTES) and gained more when costs were even 

lower (Innovation). When lower-income groups expe-

rienced more rapid adoption, their gains were even 

larger than those of higher-income groups, exactly as 

would be expected. 

Less obvious, but very welcome for policy makers, is 

the finding that higher-income groups would be nearly 

unaffected by the redistribution of vehicles. This is 

because, while fewer people may benefit directly from 

PEV ownership, many more can benefit indirectly from 

adoption by others, via emission reductions and the eco-

nomic spillovers from an expanding technology sector.

Any discussion of the economic impacts from large-

scale technology adoption also needs to take account 

of three component impacts: investment in technology 

production, technology purchasing, and more indirect 

technology adoption costs/benefits. The first, like build-

ing and operating an automobile factory, represents 

so-called “shovel-ready” investment and is usually an 

unambiguous economic stimulus. Technology purchase 

and use costs can have mixed effects on the economy, 

depending on their so-called opportunity cost. In other 

words, technology adoption will stimulate the economy 

if it leads to higher productivity, lower resource costs, 

or both. If it reduces productivity (e.g. online gaming or 

shopping during working hours) or increases resource 

costs, it will be detrimental to economic growth. 

Additional PEVs per 100 Households

0 1% 2% 3% 4% 5%

Average

> $150,000

$100-150,000

$75-100,000

$50-75,000

$35-50,000

$25-35,000

$15-25,000

$10-15,000

< $10,000

LTES Innovation Equity

FIG ES.2 Household Real Income Changes by Tax Bracket 
               (Percent Change from Baseline Scenario in 2030)

Source: Authors’ Analysis
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But it is worth noting that, as with the example of Tesla, 

every time California establishes standards or incentives 

for adoption of new technology, it creates an incubator 

the size of the world’s fifth-largest economy. Firms know 

that establishing marketable innovations here can pre-

pare them for global export competitiveness. All of this 

underscores a central tenet of California’s knowledge-

intensive growth model—induced growth from technol-

ogy innovation benefits the overall economy, rewarding 

even those people who neither develop nor adopt it. For 

PEVs, this conclusion applies with comparable force to 

economic and environmental benefits, although PEVs in 

lower-income communities might displace less efficient 

vehicles, amplifying these benefits.

DISADVANTAGED COMMUNITY RESULTS
Disadvantaged Communities (DACs), comprised mainly 

of households in the lower quartile of California incomes 

and facing higher-than-average pollution burdens, are a 

primary target for the state’s emission mitigation and eco-

nomic stimulus efforts. From the lower-income perspective, 

the most important finding of this assessment is that large-

scale California vehicle electrification benefits these groups 

regardless of which patterns of adoption are analyzed. As 

long as the state accelerates PEV deployment, the savings 

from this will expand service-intensive household demand, 

creating jobs across the economy that are more likely to 

benefit lower-wage, less-skilled workers. It should also 

be emphasized that these multiplier benefits may not be 

directly observable as links to higher-income groups adopt-

ing efficient vehicles, yet the indirect expenditure linkages 

are inexorable. Of course, it would also be desirable for 

lower-income communities to enjoy the direct efficiency 

and local pollution benefits of PEVs, but these impacts 

are additional to the overall job-intensive stimulus result-

ing from expansion of a more fuel-efficient light vehicle 

fleet. These indirect employment gains are also far greater 

than direct income and job creation from the PEV sector 

itself. These comparisons are summarized in Table ES.6 for 

2030. Noting first that DACs comprise 25 percent of the 

California population, this group’s job growth significantly 

exceeds this share (36%) in all scenarios. 

DAC Job Impacts

Job growth statewide is driven by new jobs in service 

industries and these sectors happen to be sectors that 

disproportionately employ DAC workers. As Los Ange-

les County and the Central Valley comprise 75 percent 

of the disadvantaged communities in the state, these 

two regions were analyzed for this study. Approximate-

ly 25 percent of the state population lives in a DAC.

• In Los Angeles County, 45 percent of the popula-

tion lives in a DAC community and DAC workers 

are 55 percent more likely to be employed in 

service industries. In the Innovation Scenario, more 

than half of the 161,000 forecasted jobs by 2030 in 

that county in are forecast to be created in DACs.

• More than 32,000 of the 59,000 jobs created in the 

Central Valley by 2030 in the Innovation Scenario 

are forecast to be created in DACs.

• By 2050, the Innovation Scenario gives rise to 

1.812 million additional jobs across the state, with 

36 percent generated for DAC households.

 » Los Angeles County (192 jobs created per DAC) 

and the Central Valley (216 jobs created per DAC) 

enjoy substantial incremental employment benefits.

Source: Authors’ Analysis

TABLE ES.6 Macroeconomic Impacts of PEV 
Deployment in 2030

IMPACT SCENARIO
DAC_ 

SHARE
NONDAC_

SHARE

Jobs

LTES 36% 64%

Innovation 36% 64%

Equity 36% 64%

PEVs

LTES 11% 89%

Innovation 40% 60%

Equity 45% 55%

Avoided  
Health Costs

LTES 33% 67%

Innovation 34% 66%

Equity 34% 66%
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FIG ES.3 Estimated DAC Health Cost Savings, Equity Scenario, 2030
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DAC Health Impacts

In terms of averted health costs from reduced vehicular 

criteria pollution, DACs again enjoy relatively greater 

benefits that Non-DAC communities, regardless of 

the which of the three PEV adoption patterns prevails. 

Study estimates represent health benefits associated 

with reductions in criteria pollutant (NOx, SOx, and 

PM2.5) emissions in the vehicle sector alone but do not 

quantify many of the other expected benefits that are 

known to be substantial. However, assuming uniform 

statewide emission reductions, these benefits are 

higher for households in disadvantaged communities. 

Moreover, it is likely underestimating the total benefits 

to DACs of these policies as cannot fully account for 

the potential benefits to DACs because they are often 

located closer to high-traffic roads and highways.6  

• Under the Equity Scenario, the economic value of 

health benefits from reductions in criteria pollutants 

in the energy and fuel sector will be $2.0 billion by 

2030—$800 million from averted mortality and $1.2 

billion from averted medical costs.

6 CHAPTeR 10: Climate Adaptation and Resiliency, section 6: in “Increasing Climate Resilience in Disadvantaged Communities” includes 
a detailed description of how DAC exposure to poor air quality correlates with proximity to transportation networks. Available at: http://
www.energy.ca.gov/2017_energypolicy/

• The benefits are higher for DAC households than 

non-DAC households—with $581 averted per DAC 

household and $494 averted per non-DAC house-

hold—and the savings represent a greater propor-

tion of household income for DACs.

Because DAC households have lower incomes, their 

economic gains are even more dramatic in relative 

terms. However, more targeted policies could produce 

even larger gains. By 2030, forecasts from this study in-

dicate that health benefits across California DACs could 

be substantial, even in the more technology-pessimistic 

LTES scenario (Figure ES.5), but even greater with higher 

rates of PEV innovation (Figure ES.4) and lower-income 

household vehicle adoption (Figure ES.3).

To summarize—for all scenarios evaluated, compared 

to the rest of the state’s population, Disadvantaged 

Communities (DACs) will experience higher job growth 

and larger per capita economic benefits from reduced 

mortality and morbidity than in the baseline case.

500 >100
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FIG ES.4 Estimated DAC Health Cost Savings, Innovation Scenario, 2030

FIG ES.5 Estimated DAC Health Cost Savings, LTES Scenario, 2030
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Introduction
If California is to achieve its overall pollution reduction goals, including 

a reduction of greenhouse gas (GHG) emissions to 80 percent below 

1990 levels by the year 2050, a dramatic shift towards electric vehicles 

(EVs) will be essential. State policies such as the Zero Emission Vehicle 

(ZEV) program, the Low Carbon Fuel Standard (LCFS), and GHG emis-

sions regulations are already driving vehicle electrification,7 but prog-

ress to date has been uneven. 

In particular, average EV adoption rates will need to 

accelerate significantly, meaning these vehicles have to 

become more affordable and desirable across Califor-

nia’s diverse population. Fortunately, aggressive renew-

able energy commitments by the state, combined with 

dramatic vehicle technology improvements, are rapidly 

improving the financial and environmental characteris-

tics of EVs. At the same time, the automotive industry 

is preparing a new generation of more affordable and 

versatile vehicles that will expand this category dramat-

ically, while the conventional energy sector is scram-

bling to join low carbon electricity supply chains.   

This study examines the economic impacts of large-

scale EV adoption in the California light vehicle sector, 

including long-term projections that would contribute 

to achieving the goals of reducing GHG emissions by 

40 percent and 80 percent below 1990 levels, in 2030 

and 2050, respectively. Scenarios incorporate the most 

up-to-date technical information on emerging vehicle 

technologies, as well as a variety of incentives target-

ing EV adoption statewide and among economically 

disadvantaged groups.

Results indicate that, while consistent with long-term 

climate goals, policies that encourage large-scale plug-in 

electric vehicle (PEV) deployment can be a potent cata-

7 “Transportation electrification Activities Pursuant to Senate bill 350.” California Public utilities Commission. 
Available at: https://www.cpuc.ca.gov/sb350te/

8 The beAR model is fully documented in the following study and the overall structure is summarized in section 5 of this report with ad-
ditional information in the Appendix. Roland-Holst, David. 2018. “berkeley energy and Resources (beAR) model: Documentation for a 
Dynamic California CGe model for energy and environmental Policy Analysis,” version 3, Department of Agricultural and Resource eco-
nomics, university of California, berkeley, Processed.

lyst for medium-term economic growth, benefitting mil-

lions of Californians over the next decade and beyond. 

In all of the scenarios evaluated, large-scale carbon fuel 

savings translate into billions of dollars of new in-state 

consumption, income, and tax revenue, creating thou-

sands of new jobs across the state economy. Because 

growth is concentrated in service sectors, lower-income 

workers see relatively greater income and job growth. 

The study also includes an assessment of the economic 

impacts of another important co-benefit—better public 

health via air quality improvements—and finds these 

benefits operate in exactly the same direction. Up to 

one-third of the total economic gains from decarboniz-

ing the transportation sector and its supporting electric 

power supply come from increased public health.  

Climate action generally, but especially bottom-up poli-

cies that have extensive impacts on consumption patterns, 

have complex behavioral properties and pervasive eco-

nomic impacts. A general equilibrium forecasting tool like 

the Berkeley Energy and Resources (BEAR) model is well 

suited to capture such interactions, and can elucidate the 

detailed incidence of these policies. BEAR has an explicit 

inter-temporal structure and sector detail that maps out 

patterns of adjustment and the distribution of economic 

benefits and costs.8
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For more effective policy dialogue, design, and imple-

mentation, public and private stakeholders need more 

reliable information on the direct and indirect economic 

impacts of policy options before they are implemented. 

To support this, the present study evaluates the economic 

significance of such factors as:

• Costs of electric vehicles relative to petroleum-

fueled vehicles

• Scenarios evaluating more inclusive patterns of PEV 

adoption across the state

• Localized (county-level) employment, income, and 

public health effects due to new vehicle technology 

adoption and fuel shifting

This analysis models annual results over the next three 

decades, emphasizing outcomes for the policy milestone 

years of 2030 and 2050. The policy scenarios analyzed 

will include vehicle penetration on a trajectory sufficient 

to support California’s policy goals of 40 percent and 80 

percent reduction in GHG emissions with respect to 1990 

levels in 2030 and 2050, respectively.
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Section Two 

Overview of 
New Vehicle 
Adoption and 
Policies
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Overview of New Vehicle 
Adoption and Policies
The transportation sector is a primary driver of global warming pollution 

in California, comprising more than 40 percent of the state’s overall GHG 

emissions inventory in recent years. In 2017, on-road vehicles constituted 68 

percent of transportation sector emissions.9 Transportation emissions have 

varied over the last decade, with the greatest decrease occurring during the 

last recession, but are trending upward as the economy has recovered. 

This section focuses on the demand side of California’s 

new vehicle market, offering a brief overview of exist-

ing and emerging patterns of new vehicle technology 

adoption.9 

Electric vehicle adoption to date has been quite uneven 

and well below the potential suggested by the prospec-

tive use and financial characteristics of these vehicles. The 

authors of this report do not attempt to explain or model 

adoption behavior in this section or this study as a whole, 

but intensive and innovative research literature has been 

emerging on this subject for over a decade and continues 

to offer insights for policy design and marketing.

2.1  DEMOGRAPHICS OF EV 
       CONSUMERS

The state of California presently comprises nearly 47 

percent of the U.S. electric vehicle fleet as of 2018.10  A 

recent detailed study from Muehlegger and Rapson 

analyzed 400,000 vehicle purchases in California.11 From 

this evidence, Figure 1 illustrates the demographic break-

down of EV consumers with a comparison of purchases 

from consumers of different income brackets. In particu-

lar, for ICEVs and HEVs, consumers with annual incomes 

9 2019 California Green Innovation Index. Next 10. October 8, 2019. Available at: https://www.next10.org/publications/2019-gii

10 Share of u.S. electric vehicles in California available at: https://evadoption.com/ev-market-share/ev-market-share-california/

11 muehlegger, e. & Rapson, D. (2018a). Distributional Impacts of Vehicle Policy: Who Buys New and Used Alternative Vehicles. uC Davis, 
National Center for Sustainable Transportation. Available at: https://escholarship.org/uc/item/0tn4m2tx

below $100,000 comprise 72 percent and 63 percent of 

purchases, respectively. In comparison, most alternative 

fuel vehicles are purchased by buyers in income brackets 

above $100,000. This is consistent with the international 

evidence cited below—higher-income groups account 

for a disproportionate share of alternative fuel vehicle 

purchases in the state of California. 

Another dimension explored in this section compares 

vehicle purchases by consumer ethnicity. Figure 2 displays 

the results of this analysis. Notably, Asian buyers and non-

Hispanic whites display similar purchase patterns in terms 

of accounting for a relatively higher fraction of alternative 

technology vehicle purchases relative to their share of 

ICEV and HEV purchases. These social disparities in adop-

tion patterns have many implications and this concern is 

the target of significant state policies, as well as a primary 

subject of this study.

Furthermore, some interesting trends are observed 

when looking at consumer trends concerning used car 

purchases. Roughly two-thirds of EV sales within the 

Muehlegger & Rapson study period occurred in 2015. 

In this year, in particular, used vehicle sales comprised 

approximately 15 percent of all vehicle sales. In other 

words, the vast majority of alternative fuel vehicle 
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FIG 1 Fraction of Vehicle Sales in California by Income Bracket

FIG 2 Fraction of Vehicle Sales in California by Ethnicity
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sales in California during the study period were new 

vehicles. These data analyzed by income bracket strata 

are displayed in Figure 3.

When looking at similar used-car purchase decisions 

for different ethnic groups, the results show unsur-

prisingly that non-Hispanic white consumers are the 

largest group of purchasers by population. In addition, 

Hispanic and African American consumers tend to be 

12 Ibid.

13 Ibid.

relatively more likely to buy used EVs compared to the 

other ethnic groups. 

These results are derived from a very detailed Cali-

fornia analysis, but are in line with similar  international 

research. Hopefully, what they reveal about the links 

between demographic heterogeneity and adoption 

patterns can be interpreted to yield deeper insights 

about real behavioral drivers, information availability, 
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financial, and other constraints that might be mitigated 

by policy so that PEV adoption can reach its potential.

In the same California context, a valuable analysis  

based on representative survey data for 1,604 low- 

and moderate-income households helps to identify 

effective policy strategies to promote the retirement 

of ICEVs and the adoption of alternative fuel vehicles 

within California.16 First, some general characteristics of 

the vehicle search process within this sample popula-

tion are analyzed. In terms of the time spent search-

ing for a new car, the results show that the average 

consumer spends 5.7 months on this activity, although 

there are significant differences by gender (Table 1).

Further breaking down this decision-making charac-

teristic by income groups, the highest-income house-

holds are found to spend nearly double the amount 

of time searching than the sample average while the 

lowest-income group spent the second-most time 

searching. For the lowest-income group (<$25,000), 

this makes sense as their decisions on car purchases 

are most likely financially constrained, making it more 

difficult to find a vehicle within their price range that 

still meets their needs. Higher-income groups, on the 

other hand, are more likely to spend more time finding 

vehicles that fit their personal preferences, without the 

similar urgency of time constraints that may be present 

in other groups.

Further breaking down this decision-making charac-

teristic by income groups, the highest-income house-

holds are found to spend nearly double the amount 

of time searching than the sample average while 

the lowest-income group spent the second-most time 

searching. For the lowest-income group (<$25,000), this 

makes sense as their decisions on car purchases are most 

likely financially constrained, making it more difficult to

14 Ibid.

15 Ibid.

16 Pierce, G., DeShazo, J. R., Sheldon, T., mcOmber, b., & blumenberg, e. Designing light-Duty vehicle Incentives for low- and moderate-
Income Households. uClA luskin Center for Innovation. march 12, 2019. Available at: https://ww3.arb.ca.gov/research/apr/past/15rd011.pdf

FIG 3 Fraction of New and Used BEV and  
          PHEV Sales, by Income

FIG 4 Fraction of New and Used BEV and  
          PHEV sales, by Ethnicity
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find a vehicle within their price range that still meets 

their needs. Higher-income groups, on the other hand, 

are more likely to spend more time finding vehicles 

that fit their personal preferences, without the similar  

urgency of time constraints that may be present in other 

groups.18 

Households in urban and suburban areas were much 

more likely to spend significantly longer on their search 

than rural households. This could possibly be due to 

the time-sensitive nature of car purchases in rural areas 

where public transportation is not as well-established.

With all these adoption characteristics in mind, the 

results of surveys of households responding to two 

hypothetical public programs to incentivize lower 

carbon vehicle adoption presented in the UCLA study  

were reviewed. The first policy option provided rebate 

purchase incentives to households that make less than 

225 percent and between 225 and 300 percent of the 

Federal Poverty Limit (FPL), respectively, when adopt-

ing a cleaner vehicle. The second policy option offered 

guaranteed financing to households willing to purchase 

cleaner vehicles. Across all vehicle types, rebates of  

$2,500, $5,000 and $9,500 value increased purchase 

rates from the baseline by about 20 percent, 40 per-

cent and 60 to 80 percent, respectively (Table 3).21 

Interesting to note is that a higher share of moderate-

income consumers would purchase PHEVs, while a 

slightly higher share of low-income consumers would 

purchase a BEV, indicating a stronger preference by the 

moderate- and low-income groups towards PHEVs and 

BEVs, respectively. Results of this analysis turned out to 

be quite similar across the different levels of geographic 

urbanization, as can be seen in Table 4. Presumably, this

17 Ibid.

18 Ibid.

19 Ibid.

20 Ibid.

21 Ibid.

TABLE 1 Number of Months Spent Searching 
for Past Purchase of Vehicles,  
by Gender

N. MEAN S.D.

Male 797 5.0 6.8

Female 683 6.5 14.6

Sample Avg. 1,480 5.7 10.5

Source: UCLA Luskin Center for Innovation17

TABLE 2 Number of Months Spent Searching 
for Past Purchase of Vehicles, by  
Past Income

N. MEAN1 S.D.

< $25,000 440 6.9 11.2

$25K - $50K 548 4.5 9.8

$25K - $50K 353 4.4 6.1

> $75,000 139 10.2 12.8

Sample Avg. 1,480 5.7 10.5

1 The difference in mean months spent searching is statistically 
significant at P < 0.05 between < $25K and $25 - $50K, and 
$25K and $50K - $75K. 

Source: UCLA Luskin Center for Innovation19

Source: UCLA Luskin Center for Innovation20

FIG 5 Number of Months Spent Searching for 
          Past Purchases, by Urbanized Geography
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2223

22 Ibid.

23 Ibid.

TABLE 3 Effect of Rebate Levels on Purchase Rate, by Income by Vehicle Type

BY INCOME: PERCENT OF WEIGHTED SAMPLE CHOOSING HEV/PHEV/BEV BY SUBSIDY

HEV $0 $2,500 $5,000 $9,500

Below 225% FPL 25.5% 30.5% 35.8% 43.9%

Above 225% FPL 25.9% 30.2% 34.8% 41.9%

PHEV $0 $2,500 $5,000 $9,500

Below 225% FPL 3.7% 4.5% 5.2% 6.8%

Above 225% FPL 5.4% 6.3% 7.3% 9.1%

BEV $0 $2,500 $5,000 $9,500

Below 225% FPL 5.4% 6.5% 7.6% 8.3%

Above 225% FPL 5.1% 5.9% 6.8% 7.6%

Source: Source: UCLA Luskin Center for Innovation22

Source: Source: UCLA Luskin Center for Innovation23

Source: Source: UCLA Luskin Center for Innovation

TABLE 4 Effect of Rebate Levels on Purchase Rate, by Geography, Subsidy and Vehicle Type 

BY GEOGRAPHY: PERCENT OF WEIGHTED SAMPLE CHOOSING HEV/PHEV/BEV BY SUBSIDY

HEV $0 $2,500 $5,000 $9,500

Urban 25.7% 30.5% 35.6% 43.4%

Suburban 25.6% 30.4% 35.4% 43.2%

Rural 25.7% 30.5% 35.5% 43.4%

PHEV $0 $2,500 $5,000 $9,500

Urban 4.2% 5.0% 5.8% 7.4%

Suburban 4.3% 5.1% 5.9% 7.5%

Rural 4.3% 5.1% 6.0% 7.6%

BEV $0 $2,500 $5,000 $9,500

Urban 5.4% 6.4% 7.4% 8.1%

Suburban 5.4% 6.4% 7.4% 8.1%

Rural 5.2% 6.1% 7.1% 7.9%
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implies relative homogeneity of vehicle use patterns by 

location of residence and model type. In contrast, results 

demonstrate predictable heterogeneity with respect to 

income, i.e. lower-income groups are more responsive 

to subsidies, regardless of where they live.

For the second hypothetical policy, the paper focused 

on guaranteed loans with a maximum interest of 15 per-

cent. It was discovered that financing with interest rates 

of 15 percent, 7.5 percent, and 5 percent increased the 

lower-income population’s probability of PHEV purchase 

by 10 percent, 13 percent, and 14 percent, respectively, 

and the moderate-income population’s probability 

of PHEV purchase by 11 percent, 15 percent, and 17 

percent, respectively (Table 5). The results of this analysis 

were able to elucidate price elasticities of demand as with 

financing—upfront payments go down while monthly 

payments go up. For the lower-income groups, decrease 

in utility from higher monthly payments outweighs the 

increase utility from a lower upfront payment. In com-

parison, rebates represented a reduction in upfront price, 

lowering both the down payment and monthly financing 

payments, thereby increasing overall utility.

Overall, the results from this study conclude that all 

incentive levels create a positive and significant impact on 

24 Ibid.

consumer propensity to purchase alternative fuel vehicles 

in California. Respondents considering BEVs were not as 

influenced by the presence of a subsidized loan. However, 

within the subpopulation of PHEV consumers, financing 

at a 15 percent interest rate level resulted in adoption 

rate increases equivalent to those of receiving a $2,500 

subsidy. In general, rebates had a larger impact than did 

offering guaranteed alternatives for financing due to the 

Californian population’s preference for financing and the 

price elasticities of demand explored previously.

2.2  HYPOTHETICAL CALIFORNIA 
       PEV ADOPTION PATTERNS

Taking account of these behavioral considerations and 

the technical trends to be further discussed in Section 3, 

the task of California policymakers is to determine the 

conditions necessary to facilitate electrification of the 

light-duty vehicle fleet. Even assuming the same ultimate 

(2050) goal of full electrification is achieved, the pathway 

there will have important implications for total vehicle 

emissions, as well as the economic impacts of changing 

ownership and use patterns. In this economic assess-

ment, the authors do not model adoption behavior per 

se, but specify hypothetical pathways of adoption to 

TABLE 5 Effect of Financing Alternatives on Purchase Rate, by Income and Vehicle Type 

BY INCOME: PERCENT OF WEIGHTED SAMPLE CHOOSING HEV/PHEV/BEV BY FINANCING/INTEREST RATE

HEV NONE 15.0% 7.5% 5.0%

Below 225% FPL 25.7% 26.3% 26.9% 27.0%

Above 225% FPL 25.9% 27.9% 28.7% 29.0%

PHEV NONE 15.0% 7.5% 5.0%

Below 225% FPL 3.7% 4.1% 4.2% 4.3%

Above 225% FPL 5.4% 6.0% 6.3% 6.3%

BEV NONE 15.0% 7.5% 5.0%

Below 225% FPL 5.4% 5.4% 5.4% 5.4%

Above 225% FPL 5.1% 5.3% 5.4% 5.4%

Source: Source: UCLA Luskin Center for Innovation24
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2050, forecasting the economic consequences of each. 

Four generic adoption scenarios illustrated in Figure 6 

reflect different expectations regarding emergent PEV 

demand. The Early and Late pathways can be seen as es-

sentially bracketing the new vehicle technology adoption 

trend between extreme optimism and pessimism.25 

25 e3. 2015. “ PATHwAyS Project: long-term Greenhouse Gas Reduction Scenarios,” Report to the California Air Resources board, 
California energy Commission, California Public utilities Commission, and the California Independent System Operator. 
Available at: https://ethree.com/public_projects/energy_principals_study.php

Within these, a so-called Moderate adoption profile 

represents reasonable optimism about accelerating adop-

tion during the 2025-2035 decade, as the market passes 

through incremental vehicle cost (IVC) parity to substantial 

unit cost advantages, followed by sustained growth of the 

market with more widespread consumer information and 

experience. For the present study, the Moderate adoption 

FIG 6 Figure 6. Scenarios for Plug-in Electric Vehicle Adoption
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FIG 7 California Vehicle Fleet – Moderate BEV Adoption Profile
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Note: Vehicle classes are Internal Combustion Engine (ICE), Plug-in Hybrid Electric Vehicles (PHEV), 100% electric or Battery Electric Vehicles 
(BEV), and Hydrogen Fuel Cell (HFC).
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pathway is based on estimates from E3, as implemented  

by Roland-Holst for the CEC.27 Illustrated in Figure 7, this 

pathway includes ICEV, PHEV, and BEV. For its own study, 

E3 included market share forecasts for Hydrogen Fuel Cell 

(HFC) vehicles.28 The present study lumps HFCVs together 

with BEVs as both are zero-emission vehicles. Alternative 

adoption pathways mentioned in the literature are com-

pared to Moderate/E3 in Figure 8. 

26 Ibid.

27 Roland-Holst, David, Samuel evans, Samuel Heft-Neal, Drew behnke, and myung lucy Shim. 2018. Exploring Economic Impacts in Long-
Term California Energy Scenarios. California energy Commission. Publication Number: CeC-500-2018-013.

28 for background information: yang, C. and J. Ogden, “Determining the lowest-cost hydrogen delivery mode,” International Journal of 
Hydrogen energy. 2007.

As the results of the macroeconomic analysis dem-

onstrate, should the Moderate adoption pathway be 

achieved, both the economic and mitigation benefits to 

California drivers would be substantial. Via the expendi-

ture shifting that vehicle use savings enable, this would 

combine an important source of pollution mitigation with 

potential growth stimulus for the state economy.

FIG 8 California Vehicle Fleet – Moderate BEV Adoption Profile

Source: Authors’ analysis; E3 estimates from the PATHWAYS model26
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Innovation Trends in the 
Light Vehicle Sector
3.1  GENERAL TRENDS

The importance of technological change in the vehicle sector cannot 

be overstated. It is unlikely for California to achieve 80 percent decar-

bonization or carbon neutrality without a fundamental transition of its 

transportation system to a combination of electric power and net-zero 

carbon fuels like hydrogen. Alternative fuels can be important sources 

of mitigation in the near-term, but they cannot displace enough conven-

tional fuel emissions to meet the 2050 target given current population 

growth trends, known technologies for biofuel production and distribu-

tion, and a limited supply of biomass. 

This section focuses on the demand side of California’s 

new vehicle market, offering a brief overview of exist-

ing and emerging patterns of new vehicle technology 

adoption.

Electric vehicle adoption to date has been quite 

uneven and well below the potential suggested by the 

prospective use and financial characteristics of these 

vehicles. The authors of this report do not attempt 

to explain or model adoption behavior in this section 

or this study as a whole, but intensive and innovative 

research literature has been emerging on this subject 

for over a decade and continues to offer insights for 

policy design and marketing.

Fortunately, pervasive and sustained technical innova-

tion is changing the landscape of the EV market in Cali-

fornia, and assessments only a few years old are already 

quite out-of-date. To support public and private decisions 

about low-carbon mobility more effectively, more timely 

evidence is needed on the economic characteristics of 

these innovations, including adoption and use costs, as 

well as expected economic benefits including energy cost 

savings, public health benefits, and the employment and 

income effects of the vehicle fleet transition. 

This assessment provides such an update. This new 

technical information is also incorporated in the study’s 

economic assessment, revealing substantial benefits 

across the economy and communities in California from 

vehicle innovation. The following section is a review 

the four primary channels for innovation in this sector: 

battery technology and energy storage, power train 

technology, autonomous control, and vehicle design. 

The section closes with a synthesis of this information 

into “incremental costs” of operation and ownership for 

these new vehicle technologies, by comparison to more 

conventional substitutes. All of this cost information 

is later incorporated into the economic modeling and 

scenario assessment presented in Section 5.

3.2  BATTERY TECHNOLOGY

Thanks to determined scientific and engineering effort 

around the world, the costs of battery energy storage 

have been plummeting (Figure 9). 

The most intensive research frontier for EV energy 

storage is in solid-state batteries. This technology pro-

vides many benefits in terms of critical characteristics 

such as safety, energy density, and lifecycle. Neverthe-
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less, viable solid-state batteries have yet to reach mar-

ket despite massive levels of investment from entities  

such as Toyota,30  VW,31  the U.S. federal government,32  

and more.33 While it seems certain that solid-state 

batteries will be the next major innovation for electric 

vehicles, the timing of their introduction is still very 

uncertain, as many issues of reliability and cost-effective 

manufacturing remain unsolved.34 Meanwhile, the prices 

of Lithium-ion (Li-ion) batteries have fallen continuously 

29 Goldie-Scot, logan. “A behind the Scenes Take on lithium-ion battery Prices,” bloombergNef. march 5, 2019. 
Available at: https://about.bnef.com/blog/behind-scenes-take-lithium-ion-battery-prices/

30 “Toyota and Panasonic to jointly make electric-car batteries, explore solid-state tech,” Nikkei Asian Review. January 20, 2019. Available at: 
https://asia.nikkei.com/business/business-deals/Toyota-and-Panasonic-to-build-electric-car-batteries-together?fbclid=IwAR0Stbv8bIO2mO
df27eDJb0s250q1AtuTbPQ3hwNySDRfbHstwxlZyhyefs

31 “volkswagen plugs $100m into solid-state battery development,” CNeT Roadshow. September 13, 2018. 
Available at: https://www.cnet.com/roadshow/news/volkswagen-invests-100-million-to-develop-solid-state-battery-tech/

32 “uS government awards General motors $2m for solid-state battery research,” CNeT Roadshow. August 16, 2019. 
Available at: https://www.cnet.com/roadshow/news/general-motors-solid-state-battery/

33 “ford invests in ‘breakthrough’ solid-state battery startup already backed by bmw and Hyundai,” electrek. April 11, 2019. 
Available at: https://electrek.co/2019/04/11/ford-solid-power-state-battery/

34 “why lithium-ion may rule batteries for a long time to come,” mIT Technology Review. September 12, 2018. 
Available at: https://www.technologyreview.com/s/611982/why-lithium-ion-may-rule-storage-technology-for-a-long-time-to-come/

35 “lithium-ion battery Costs and market,” bloombergNef. July 5, 2017. Available at: https://data.bloomberglp.com/bnef/sites/14/2017/07/
bNef-lithium-ion-battery-costs-and-market.pdf

36 “Risks and Opportunities in the battery Supply Chain,” massif Capital. may 2019. Available at: https://www.dropbox.com/home/Rapid%20
ev%20Study/2.%20Technology/Storage?preview=Risks+and+Opportunities+in+the+battery+Supply+Chain.pdf

and dramatically over the last decade, with further im-

provements already in the production pipeline.35 Much 

of the price decrease arises from oversupply and strong 

competition among battery manufacturers. Neverthe-

less, the Li-ion supply chain faces significant bottlenecks 

to the supply of nickel, cobalt, and rare-earth metals 

that would limit further price decreases barring ad-

ditional innovation.36 In the case of cobalt, specifically, 

some like Caspar Rawles of Benchmark Mineral Intel-

FIG 9 Battery Cost and Efficiency
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ligence, forecast the price minimum to be hit as early 

as 2022.37 Optimistically, battery manufacturers have al-

ready made substantial investments in cobalt-free Li-ion 

technology,38 and current Teslas already have batteries 

containing significantly less cobalt than competitors.39

3.3 POWERTRAIN TECHNOLOGY

Development in the powertrains of electric vehicles largely 

mirrors that of the batteries, though with more diverging 

trends. There is a constant push to reduce usage of rare-

earth metals and socially-problematic supply chains. But at 

the same time, both Tesla and Chevy have switched from 

AC induction motors to permanent-magnet motors for the 

Model 340 and Bolt,41 a move that offers benefits in terms 

of efficiency and manufacturing cost, but also has fewer 

pathways toward reducing the usage of rare-earth metals.

In terms of thermal management strategies for cooling 

batteries, there is little consensus at the moment from EV 

manufacturers.42 Higher-end vehicles like Tesla Models 

S, X, and 3 use fully-integrated battery/engine cooling 

systems with interconnections between the powertrain 

and the battery system. By comparison, the Chevrolet 

Bolt uses a less expensive system without interconnec-

tion between battery pack and powertrain.

37 “elon musk wants cobalt out of his batteries – here’s why that’s a challenge,” The Verge. June 21, 2018. 
Available at: https://www.theverge.com/2018/6/21/17488626/elon-musk-cobalt-electric-vehicle-battery-science

38 “Panasonic plans to develop cobalt-free car batteries,” Reuters. may 30, 2018. 
Available at: https://www.reuters.com/article/us-panasonic-battery/panasonic-plans-to-develop-cobalt-free-car-batteries-iduSKCN1Iv14y

39 “vws batterien enthalten viermal so viel Kobalt wie Tesla-batterien,“ WirtschaftsWoche. march 29, 2019. Available at: https://www.wiwo.
de/unternehmen/auto/volkswagen-elektroautos-vws-batterien-enthalten-viermal-so-viel-kobalt-wie-tesla-batterien/24156880.html

40 “Tesla motor designer explains model 3’s transition to permanent magnet motor,” electrek. february 27, 2018. 
Available at: https://electrek.co/2018/02/27/tesla-model-3-motor-designer-permanent-magnet-motor/

41 “electric motor Design of General motors’ Chevrolet bolt electric vehicle,” SAE International. April 5, 2016. 
Available at: https://www.sae.org/publications/technical-papers/content/2016-01-1228/

42 “Trends in electric-vehicle design,” McKinsey & Company. October 2017. Available at: https://www.mckinsey.com/industries/automotive-
and-assembly/our-insights/trends-in-electric-vehicle-design

43 “Autonomous vehicles: uncertainties and energy Implications,” U.S. Energy Information Administration. may 2018. 
Available at: https://www.eia.gov/outlooks/aeo/pdf/Av.pdf

44 “Autonomous taxis could greatly reduce greenhouse-gas emissions of uS light-duty vehicles,” Nature Climate Change. 2015. 
Available at: https://www-nature-com.libproxy.berkeley.edu/articles/nclimate2685

45 “2018 was a Hard Reality Check for Autonomous Cars,” Jalopnik. December 19, 2018. 
Available at: https://jalopnik.com/2018-was-a-hard-reality-check-for-autonomous-cars-1831182272

46 “waymo’s big Ambitions Slowed by Tech Trouble,” The Information. August 28, 2018. 
Available at: https://www.theinformation.com/articles/waymos-big-ambitions-slowed-by-tech-trouble 

47 “Help or hindrance? The travel, energy and carbon impacts of highly automated vehicles,” Transportation Research Policy and Practice. 
April 2016. Available at: https://www.sciencedirect.com/science/article/pii/S0965856415002694

3.4 AUTONOMOUS DRIVING

Autonomous light-duty vehicle technologies can deliver 

significantly greater fuel efficiency and lower operating, 

maintenance, and insurance costs. The resulting more 

efficient road usage and reductions in congestion have 

benefits not only for the autonomous cars themselves, 

but for any road user. Autonomous technology could 

also improve adoption rates by enabling a faster payback 

and lower costs for larger light-duty vehicle users, like 

taxi services or vehicle fleets.43 Some analysis even finds 

autonomous taxi services could support reductions in 

energy usage—even if miles traveled, speed, and vehicle 

size increased.44 

However, recent reports have given indications that 

autonomous driving is not a near-term technology. Ac-

cidents involving autonomous test vehicles prompted 

the early termination of pilots, the scaling back of in-

vestments, and delays to multiple programs.45 Industry 

leaders like Alphabet’s newly-acquired Waymo have 

struggled with common real-world challenges like un-

protected left turns.46 Nonetheless, even the deploy-

ment of lower levels of automation, at most Level 2 

(240V), can produce reductions in energy usage.47 
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3.5 VEHICLE DESIGN

Many present-day electric vehicle models are merely 

electrified versions of existing models: Ford Focus 

Electric, Honda Clarity Electric, and so on. Building 

an electric vehicle on an ICE platform requires forcing 

an electric powertrain and battery packs into a non-

optimized design. As manufacturers develop newer, 

electric-native chassis, the resultant models will be 

more efficient, and have better comfort and perfor-

mance characteristics. European manufacturers have 

embraced this transition, and original PEV model vari-

eties are proliferating rapidly in this market.

48 “electric Surge: Carmakers’ electric car plans across europe 2019-2025.” Transport & Environment. July 18, 2019. 
Available at: https://www.transportenvironment.org/publications/electric-surge-carmakers-electric-car-plans-across-europe-2019-2025

49 Other important sources of efficiency potential: vehicle aerodynamics are also an important source of efficiency potential. Drag reductions 
typically derive from a reduction in a vehicle’s “drag coefficient,” a value dependent on its general shape and design elements like spoil-
ers, mirrors, inlets, etc. Previous studies have identified a historical trend of about 1 percent to 2.5 percent annual reductions in aerody-
namic drag. However, with many light-duty vehicles already achieving a drag coefficient of less than 0.30, there is skepticism about the 
ability of newer cars, especially on the lower-end of the price spectrum, to attain significant further reductions below 0.25. Such innova-
tions would require changes like the addition of an integrated front spoiler, the removal of exterior mirrors, the enclosure of the under-
body, and other changes.  A final source of efficiency innovation in vehicle design is in tire technology. Reductions in rolling-resistance for 
standard tires have historically been achieved. However, these reductions come at the cost of tire wear, stopping distance, cornering grip, 
etc. that affect consumer costs and safety. There is constant research into new tire materials that could achieve efficiency improvements 
without such sacrifices, but it has yet to prove fruitful.

A common drawback of current electric vehicles is the 

weight of the battery packs required for the range cus-

tomers desire. The 2017 Ford Focus Electric, for example, 

features a curb weight of 3,640 lbs., almost 600 lbs. (20%) 

heavier than its ICE cousin (3,055 lbs. at its heaviest), and 

a heavier vehicle has obvious drawbacks in terms of effi-

ciency and range. This weight differential can, at the very 

least, be offset by trends in vehicle design.49 However, the 

incentives toward weight-reduction in electric vehicles are 

limited at the moment: newer powertrains yield their own 

weight reductions which can allow lower-cost materials; 

more powerful, and heavier, battery packs do more for 

FIG 10 Number of New PEV Models Manufactured in Europe by Company, 2012-2025
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range improvements at current costs; and the electric 

power means EVs are not subject to the same efficiency 

incentives as ICE vehicles.50

Taking account of technical analysis and evidence up to 

2016, incremental vehicle costs (the incremental cost of 

purchasing a higher priced PEV instead of an otherwise 

comparable conventional internal combustion engine 

vehicle) for PEVs were expected to improve by about 80 

percent over the next two decades (more than twice the 

expected improvement for ICE vehicles, see Figure 11). In 

analysis conducted for the California Energy Commission, 

BEAR found that these cost improvements, combined 

with widespread PEV adoption, would confer substan-

tial growth dividends on the state’s economy. Benefits 

included both vehicle use/fuel savings and air quality 

improvements—both of which contributed to higher 

employment and income—regardless of who purchased 

new vehicle technologies. The same forces can be found 

at work in the current scenario analysis. IVC estimates do 

not include operating cost advantages, which are a major 

50 “Trends in electric-vehicle design,” mcKinsey & Company. October 2017. 
Available at: https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/trends-in-electric-vehicle-design

51 lutsey, Nic, et. al. update on electric vehicle costs in the united States through 2030. The International Council on Clean Transportation. 
April 2, 2019. Available at: https://theicct.org/sites/default/files/publications/ev_cost_2020_2030_20190401.pdf

52 for operating costs, fuel and electricity prices are taken from the u.S. energy Information. Administration, where gasoline increases from 
$2.90 to $3.48 per gallon from 2018 to 2035 and electricity increases from $0.12/kwh to $0.13/ kwh from 2018 to 2035. See u.S. energy 
Information Administration, Annual energy Outlook 2019. u.S. Department of energy. January 24, 2018. 
Available at: https://www.eia.gov/outlooks/aeo/index.php 

contributor to the economic advantages of PEV owner-

ship and the economic impacts estimated in this study. 

Declining IVC makes these vehicles competitive in terms 

of initial adoption cost, their long term energy cost sav-

ings offer much greater economic returns to ownership.

This study examines the implications of more inclusive 

PEV adoption patterns, passing on more cost-saving and 

local air quality benefits directly to lower-income house-

holds. Meanwhile, as the technical side of the vehicle 

industry is changing so rapidly, technical cost information 

has also been revised. In particular, a recent vehicle tech-

nology assessment published by the nonpartisan NGO 

International Council on Clean Transportation (ICCT) 

provides a rigorous and comprehensive review of emerg-

ing light-vehicle technologies was utilized. Based on 

actual teardowns of existing and new models, as well as 

objective engineering evidence on existing and proven 

technologies, the authors are seeing significantly ac-

celerated progress to PEV cost  parity, both for vehicle 

purchase (Figure 12) and operation (Figure 13).52

FIG 11 Incremental Vehicle Purchase Costs, by Vehicle Type
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FIG 12 Initial Purchase Price of Conventional  
            Vehicles and Electric Vehicles for Cars,  
            Crossovers, and SUVs for 2020–2030

FIG 13 Ownership Cost54 of Conventional  
            Vehicles and Electric Vehicles for Cars,  
            Crossovers, and SUVs for 2020–2030

A. Car

C. Sport Utility

B. Crossover

V
EH

IC
LE

 P
R

IC
E

$20k

$30k

$40k

$50k

$60k

20262020 2022 2024 2028 2030

V
EH

IC
LE

 P
R

IC
E

$20k

$25k

$30k

$35k

$40k

20262020 2022 2024 2028 2030

V
EH

IC
LE

 P
R

IC
E

$20k

$30k

$40k

$50k

$60k

20262020 2022 2024 2028 2030

A. Car

C. Sport Utility

B. Crossover

O
W

N
ER

S
H

IP
 C

O
S

T

$20k

$30k

$40k

$50k

$60k

20262020 2022 2024 2028 2030

O
W

N
ER

S
H

IP
 C

O
S

T

$40k

$50k

$60k

$70k

$80k

20262020 2022 2024 2028 2030

O
W

N
ER

S
H

IP
 C

O
S

T
Conventional PHEV50 BEV150

BEV200 BEV250

Conventional PHEV50 BEV150

BEV200 BEV250

$30k

$35k

$40k

$45k

$50k

20262020 2022 2024 2028 2030

Source: The International Council on Clean Transportation53 Source: The International Council on Clean Transportation53

53 lutsey, Nic, et. al. “update on electric vehicle costs in the united States through 2030.” The International Council on Clean Transportation. 
April 2, 2019. Available at: https://theicct.org/sites/default/files/publications/ev_cost_2020_2030_20190401.pdf

54 Ownership costs are presented as cumulative, undiscounted, current dollar savings over the average term of vehicle ownership.
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 This detailed evidence demonstrates that, in two 

short years, the industry has innovated to the point 

where it promises ICE cost parity up to five years 

earlier, by the mid-2020s rather than after 2030 (Figure 

14). In the context of this economic assessment, there 

are two main implications of this recent evidence:

• Electric vehicle initial cost parity is coming within 

five to 10 years

• Cost-competitiveness approaches even faster than 

initial cost parity based on fuel savings, where energy 

prices are assumed to follow EIA median trends

The implications of ICCT’s evidence for voluntary PEV 

adoption, in both quantity and demographic scope, are 

quite profound. Also essential is the implication that 

substantially less public money may be required to pro-

mote adoption, at least in the form of direct subsidies.

To evaluate the wider economic impacts of this techno-

logical change, the modeling approach and assumptions 

for this study were for recalibrated to explicitly recognize 

innovation processes and vehicle cost improvements over 

the 2018-2050 time period assessed. For PEV vehicles, 

incremental vehicle costs (IVC) estimates were built from 

the bottom up. After a review of the vehicle engineering 

literature and consultation with experts in this field, the 

authors estimated incremental vehicle cost for PEVs using 

the median ICCT cost profiles. For batteries, drive trains, 

and other primary PEV cost components discussed above, 

the authors assumed steady progress or “learning” in this 

technology, as documented by ICCT. Internal combus-

tion engine (ICE) vehicles were also assumed to attain 

higher average mpg in accordance with state and federal 

regulations, conferring modestly higher costs—reaching 

a $2,000 premium over average 2012 prices by 2030 (less 

than 0.5% annual price appreciation).

FIG 14 Year of Cost Parity Based on First-Owner Total Cost of Ownership and Initial Vehicle Cost,  
            Shown as the Primary Analysis and a Lower-Cost Battery Scenario
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New Vehicles and Job 
Creation in California
One of the most important findings of this assessment is that PEV deploy-

ment stimulates economic growth, increasing employment and incomes 

around the state, with many people benefiting whether they buy a PEV 

or not. Much of this growth is due to indirect market linkages captured 

by the economic forecasting model, including consumer expenditures 

diverted from transport fuel and other savings associated with electric 

and innovative vehicle adoption. In addition to this general stimulus, the 

PEV sector itself is responsible for job creation today, and increasingly as 

adoption widens, through several channels. The first of these is direct—

new jobs making new vehicles and components for them. The other two 

channels are indirect—employment associated with delivering vehicle 

charging infrastructure and maintenance services, as well as new jobs 

expanding the electric power sector to supply energy for new vehicles. 

Much more research is needed to fully assess the magnitude of each 

channel’s contribution to new employment and income as the PEV sector 

expands, but some indicative results are already available. 

4.1 DIRECT EMPLOYMENT

In terms of current jobs, the manufacturing of fuel-effi-

cient vehicles is associated with 14,776 jobs in California 

alone, as increasing standards on fuel economy have 

prompted increased investment by auto manufacturers 

in development of new technologies, the retooling of 

old factories, and the building of new ones.55 The U.S. 

Department of Energy also estimates about 259,468 

jobs nationally are associated with the manufacturing 

of alternative fuel vehicles. Of these, 41,991 (~16.2%) 

55 “Supplying Ingenuity II: u.S. Suppliers of Key Clean, fuel-efficient vehicle Technologies,” NRDC and blue Green Alliance. may 2017. 
Available at: https://www.nrdc.org/sites/default/files/supplying-ingenuity-clean-vehicle-technologies-report.pdf

56 “u.S. energy and employment Report,” u.S. Department of energy. January 2017. 
Available at: https://www.energy.gov/sites/prod/files/2017/01/f34/2017%20uS%20energy%20and%20Jobs%20Report_0.pdf

57 “electrification may Disrupt the Automotive Supply Chain,” Congressional Research Service. february 8, 2019. 
Available at: https://fas.org/sgp/crs/misc/If11101.pdf

58 “elAb 2.0 wirkungen der fahrzeugelektrifizierung auf die beschaeftigung am standort Deutschland (effects of vehicle electrification on 
On-Site employment in Germany),” fraunhofer-Institut fuer Arbeitswirtschaft und Organisation IAO. June 4, 2018. 
Available at: https://www.euractiv.com/wp-content/uploads/sites/2/2018/08/elAb2.0.pdf

are in the production of battery-electric vehicles and 

198,354 (~76.4%) are in the production of hybrid elec-

tric, plug-in hybrid, or battery-electric vehicles.56 How-

ever, some analysts have argued that electric vehicle 

production would reduce total employment in auto 

manufacturing as electric powertrain production requires 

fewer higher-skilled employees, greater imports such as 

lithium-ion batteries, and is—in general—a more labor-

efficient and automated process.57, 58 
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4.2  INDIRECT EMPLOYMENT

4.2.1 Charging Infrastructure 

Scarcity of infrastructure to charge PEVs appears to be 

a serious constraint on perceived usability and actual 

adoption of these vehicles. In terms of aggregate 

national growth, a study of the 100 most populous U.S. 

metropolitan areas projected a need for 82,000 work-

place charging stations, 103,000 public Level 2 (240V) 

stations, and 10,000 DC fast stations in 2025. Com-

pared with what was in place at the end of 2017, these 

2025 charging estimates are seven times, three times, 

and three times, respectively, the amount currently 

available for each type.59 Combining these three types 

of non-home charging, the 195,000 charge points are 

4.3 times as many charge points as were available at 

the end of 2017.60 These estimates do not include 

home charging, corridor fast charging between metro-

politan areas, or other stations in rural areas. 

To date, there has been a lack of research and reli-

able figures on California employment from charging 

infrastructure installation. However, study authors 

have been able to find some information on charging 

infrastructure demand from the ICCT, Edison Electric 

Institute, and the CEC; information on the costs associ-

ated with the installation of non-residential charging 

infrastructure; and relatively detailed information on 

the costs and employment related to charging infra-

structure installation in the EU.61, 62 

59 “Quantifying the electric vehicle Charging Infrastructure Gap Across u.S. markets,” ICCT. January 2019. 
Available at: https://theicct.org/sites/default/files/publications/uS_charging_Gap_20190124.pdf

60 “Plug-in electric vehicle Sales forecast Through 2025 and the Charging Infrastructure Required,” Edison Electric Institute. June 2017. 
Available at: https://assets.documentcloud.org/documents/4756558/IeI-eeI-Pev-Sales-and-Infrastructure-Thru-2025.pdf

61 “Powering a New value Chain in the Automotive Sector,” The European Association of Electric Contractors. No date provided. Available 
at: https://download.dalicloud.com/fis/download/66a8abe211271fa0ec3e2b07/c572c686-f52f-4c0d-88fc-51f9061126c5/Powering_a_
new_value_chain_in_the_automotive_sector_-_the_job_potential_of_transport_electrification.pdf

62 “California Plug-In electric vehicle Infrastructure Projections: 2017-2025,” California Energy Commission. march 2018. 
Available at: https://www.nrel.gov/docs/fy18osti/70893.pdf  
“Costs Associated with Non-Residential electric vehicle Supply equipment,” U.S. Department of Energy. November 2015. 
Available at: https://afdc.energy.gov/files/u/publication/evse_cost_report_2015.pdf

63 “The California energy Demand 2018-2030 Revised forecast,” California energy Commission. January 22, 2018. 
Available at: https://efiling.energy.ca.gov/getdocument.aspx?tn=222287 Comparable numbers for 2050 have yet to be published.

4.2.2 Utility Load

The adoption of electric vehicles will increase California’s 

energy demand. The CEC expects a significant increase 

in electricity consumption, perhaps an increase of over 

15,000 GWh by 2030 (~4% of total demand).63 To date, 

study authors have been unable to find data pertain-

ing to employment effects or the investment needed to 

meet this increased demand. 
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Macroeconomic Analysis
As was emphasized in the Introduction, this study assesses the economic 

costs and benefits of achieving the California’s goals of light vehicle fleet 

electrification. The authors use a general equilibrium framework to eluci-

date how individual vehicle technology adoption would affect household 

incomes—net of vehicle adoption and operating costs. These estimates 

pair the latest technology cost data with existing and hypothetical future 

use patterns and show how net savings will accrue to new vehicle users and 

be recycled into other expenditures. The study’s basic finding is that the 

economy-wide “multiplier” effects of these savings will be a potent catalyst 

for income and employment growth across the state. The study also shows 

that the allied air quality improvements have similar economic benefits for 

California, quite apart from other co-benefits like mitigating climate risk.

These benefits would certainly justify more determined 

public efforts to promote PEV adoption, but the present 

study does not offer guidance on this important issue. In 

particular, report authors did not model vehicle adoption 

behavior or PEV incentive programs in this study, but do 

assume that certain adoption patterns are achieved and 

calculate their economic consequences. A significant 

amount of original research is under way to improve col-

lective understanding of PEV adoption and policies that 

can facilitate it, but much remains to be done. Suffice to 

say for the moment that results from this study suggest 

that the potential economic benefits far exceed current 

expenses for research and adoption programs.

5.1  BEAR MODEL DESCRIPTION

The BEAR model is a dynamic economic forecasting 

model for evaluating long-term growth prospects for 

California.64 The model is an advanced policy simula-

tion tool that models demand, supply, and resource 

allocation across the California economy, estimating 

economic outcomes annually over the period of 2018 

64 Roland-Holst, David. 2018. “berkeley energy and Resources (beAR) model: Documentation for a Dynamic California CGe model for 
energy and environmental Policy Analysis,” version 3, Department of Agricultural and Resource economics, university of California, 
berkeley, Processed.

to 2030. This kind of Computable General Equilibrium 

(CGE) model is a state-of-the-art economic forecasting 

tool, using a system of equations and detailed eco-

nomic data that simulate price directed interactions 

between firms and households in commodity and factor 

markets. The role of government, capital markets, and 

other trading partners are also included, with vary-

ing degrees of detail, to close the model and account 

for economy-wide resource allocation, production, & 

income determination. Additional information on the 

BEAR model is available in Appendix A1.

BEAR is calibrated to a 2018 dataset of the California 

economy and it includes highly disaggregated repre-

sentation of firm, household, employment, govern-

ment, and trade behavior.  The model’s 2018 – 2050 

baseline is calibrated to the California Department of 

Finance (DOF) economic and demographic projections. 

The model’s baseline is recalibrated to incorporate the 

new data whenever new projections are released.

For the EV assessment, the BEAR model was aggre-

gated to 60 economic sectors (Table 7). To more fully 
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capture linkages between vehicle electrification and 

more determined commitments to renewable energy 

development, electric power sector was disaggregated 

by eight generation types in order to be consistent 

with the detailed energy framework put forward by E3.

5.2  SCENARIOS

The goal of this assessment to estimate the economic 

impacts of more extensive EV adoption across the state 

by 2050. The Baseline scenario assumes that the Califor-

nia economy sustains its baseline growth rate as reflected 

in its latest official forecasts.65 From an energy policy per-

spective, it is also assumed that the state follows its Long-

Term Energy Strategy, as agreed by the CEC, CARB, and 

allied agencies.66 These commitments entail widespread 

adoption of new energy use technologies, of which ve-

hicles comprise only one category. The others include:

• Commercial Building Durable Goods

• Residential Durable Goods

• Industrial Sectors

• Transportation other than Light Duty Vehicles

• Electric Power Sector Investment

To take account of uncertainty in future technology 

costs, E3 used its PATHWAYS energy system model to 

develop detailed cost estimates in three generic sce-

narios of innovation to 2050, assuming high, low, and 

intermediate costs for adoption and use of new energy 

technologies in each category. These cost data are used 

as technical inputs for the energy system components 

of BEAR in scenarios for this study.67 For all of scenarios 

and non-vehicle energy technologies, E3’s intermediate 

cost estimates were used in the Baseline scenario.

65 The beAR model is always calibrated to the quarterly forecasts from the California Department of finance.

66 See e.g. California energy Commission energy Innovation Showcase at http://innovation.energy.ca.gov/SearchResults.aspx?tks=637034607087928821

67 See Roland-Holst, David, Samuel evans, Samuel Heft-Neal, Drew behnke, and myung lucy Shim. 2018. Exploring Economic Impacts in 
Long-Term California Energy Scenarios. California energy Commission. Publication Number: CeC-500-2018-013 for an application of 
beAR directly to lTeS.

68 mahone, A., Z. Subin, J. Kahn-lang, D. Allen, v. li, G. De moor, N. Ryan, and S. Price. Deep Carbonization in a High Renewables Future: 
Updated Results from the California PATHWAYS Model. Publication Number: CeC-500-2018-012. California energy Commission, 2018.
http://innovation.energy.ca.gov/SearchResultProject.aspx?p=30124&tks=637034620375287955 

To elucidate the consequences of different pathways 

for large scale electrification of the light vehicle fleet, 

four scenarios were considered: (1) For vehicles in the 

Baseline scenario, authors assumed constant costs. 

(2) Another, more realistic Long-term Energy Scenario 

(LTES) assumes vehicle costs follow a downward trajec-

tory as estimated in research for the CEC.68 (3) A third 

Innovation scenario specifically addresses the economic 

impacts of more affordable electric vehicles, using 

more recent projections of EV costs. These are closer 

to the optimistic LTES scenario from E3 for vehicles, but 

incorporate more up-to-date information. (4) Finally, a 

TABLE 6 The Current Structure of BEAR
 Model, 2018 

CURRENT STRUCTURE

60 production activities     

60 commodities (includes trade and transport margins)

3 non-labor factors of production, Capital, Land, and Water

22 labor categories

Capital

Land

Natural capital

9 Household types, defined by income tax bracket 

Enterprises

Federal Government (7 fiscal accounts)

State Government (27 fiscal accounts)

Local Government (11 fiscal accounts)

Consolidated capital account

External Trade Account

Source: Authors’ Analysis
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TABLE 7 BEAR Sector Aggregation 

LABEL DESCRIPTION LABEL DESCRIPTION

A01Agric Agriculture A31Aluminm Aluminum production and related manufacturing

A02Cattle Livestock A32Machnry Machinery manufacturing

A03Dairy Dairy cattle and milk production A33AirCon Major appliance manufacturing

A04Forest Forestry, forest products, and timber tract 
production

A34MfgComp Computer and related component manufacturing

A05OilGas Oil and gas extraction A35SemiCon Semiconductor and related component 
manufacturing

A06OthPrim Other mining activities A36ElecApp Electrical appliance manufacturing

A07EleHyd Electric power generation - Hydro A37Autos Automobile manufacturing

A08EleFF Electric power generation - Fossil A38OthVeh Other vehicle and component manufacturing

A09EleNuc Electric power generation - Nuclear A39AeroMfg Aerospace, railroad, ship, and related component 
manufacturing

A10EleSol Electric power generation - Solar A40OthInd Other manufacturings

A11EleWind Electric power generation - Wind A41WhlTrad Wholesale trade

A12EleGeo Electric power generation - Geothermal A42RetVeh Retail - vehicles

A13EleBio Electric power generation - Biomass A43AirTrans Air transportation

A14EleOth Electric power generation - All other A44GndTrans Rail and pipeline transportation

A15DistElec Electric power transmission and distrubution A45WatTrns Water transportation

A16DistGas Natural gas distribution A46TrkTrns Truck transportation

A17DistOth Other utilities A47PubTrns Transit and ground passenger transportation

A18ConRes Construction - Residential A48RetAppl Apparel and other related retail

A19ConNRes Construction - NonResidential A49RetGen Other retail

A20ConPow Construction - Power and communications A50InfCom Information and communication services

A21ConRd Construction - Highways and roads A51FinServ Financial services

A22FoodPrc Food processing A52OthProf Other professional services

A23TxtAprl Textile and apparel manufacturing A53BusServ Business services

A24WoodPip Wood product manufacturing A54WstServ Waste services

A25PapPrnt Paper manufacturing and printing A55Educatn Education services

A26OilRef Petroleum products manufacturing A56Medicin Medical services

A27Chemicl Chemical manufacturing A57Recratn Recreation services

A28Pharma Pharmaceutical and medicine manufacturing A58HotRest Hotels and restaurants

A29Cement Cement and concrete product manufacturing A59OthPrSv Other private services

A30Metal Ferrous and nonferrous metal production and 
metal fabrication

A60GovtSv Government services

Source: Authors’ Analysis
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fourth Equity scenario explicitly incorporates a more 

inclusive electric vehicle adoption pattern—one that 

would achieve relatively uniform PEV penetration across 

all California income groups, and do so more rapidly 

than current trends. In the first three scenarios (Base-

line, LTES, and Innovation), it is assumed that shares of 

EV purchases among income groups remain at current 

levels (about 90% purchased by higher-income groups). 

The Equity scenario assumes that EV purchases con-

verge to equal shares across all income groups by 2030. 

It should again be emphasized that this study neither 

proposes nor evaluates incentives or other policies that 

might achieve this goal, although they would likely be 

needed. Results from this analysis do make clear, how-

ever, that there would be very substantial economic ben-

efits if such policies fulfilled the Equity scenario objec-

tive of clean vehicle access for all. All four scenarios are 

summarized in Table 8.

Note that these scenarios differentiate the pattern of 

PEV adoption over time, using the state’s aggregate 

GHG emissions reduction commitment as a reference. 

In particular, the light-duty vehicle fleet is assumed to 

reduce its aggregate GHG emissions 40 percent below 

69 lutsey, Nic, et. al. “update on electric vehicle costs in the united States through 2030.” The International Council on Clean Transportation. 
April 2, 2019. Available at: https://theicct.org/sites/default/files/publications/ev_cost_2020_2030_20190401.pdf

the 1990 level by 2030 and 80 percent below the same 

level by 2050. The authors further assume this goal 

is achieved with a fleet that blends four categories of 

vehicles: ICEV, PHEV, BEV, and HFC, as indicated in 

Figure 7 in Section 2. This “Moderate” adoption sce-

nario does not mandate full electrification by 2050, but 

it assumes BEV and HFC vehicles have zero emissions 

(including electric power source emissions) and PHEVs 

have half of the emissions of ICE vehicles. Finally, ICE 

vehicles are assumed to deliver efficiency improve-

ments as mandated by the state over the same period.

Having externally specified the composition of the 

aggregate vehicle fleet, what remains is to determine 

who owns the vehicle types and what are their com-

parative costs. As already indicated, IVC profiles were 

evaluated for PEVs that are relatively High (Baseline), 

Medium (LTES), and Low (Innovation and Equity). In 

terms of ownership, the first three scenarios assume69 

that the income group shares of the vehicle fleet re-

main at today’s levels until 2030, but then converge to 

the same shares of vehicle types as the aggregate fleet 

by 2050. In the Equity scenario, it is assumed that all 

Source: Authors’ Analysis

TABLE 8 Scenarios Evaluated in the Present Study

SCENARIO ADOPTION IVC

1 Baseline
A reference Scenario with existing policies in force to 2050. Baseline policies are 
complemented by revised adoption and use cost estimates commissioned by CEC 
from E3. Vehicle technology costs are assumed to remain constant at current levels.

Constant adoption 
shares among income 
groups

High

2 LTES
Incorporates E3 technology cost estimates for vehicles, declining over time.

Equal shares by 2050 Medium

3 Innovation
LTES policies to 2030 and 2050, taking account of more recent vehicle technology 
cost estimates69

Equal shares by 2050 Low

4 Equity
The LTES scenario with PEV purchase shares equalizing across California 
income groups by 2030. 

Equal shares by 2030 Low
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70 Turrentine, T., Hardman, S., & Garas, D. (2018). Steering the electric vehicle Transition to Sustainability. uC Davis, National Center for 
Sustainable Transportation. Available at: https://escholarship.org/uc/item/1w3836d3

FIG 15 Schematic of California’s Ongoing PEV Programs and Adoption Trends

PHEV 10-40 mi.
BEV 80-250 mi.
20-30 models

Compact / sub-compacts

PHEV 15-50 mi.
BEV 150-300 mi.
30-100 models

Crossover, midsize sedans

PHEV 50+ mi.
BEV 200+ mi.
200+ models

Full sized vehicles

PAST
First Generation PEVs

PRESENT
Second Generation

FUTURE
Third Generation

FOURTH
GENERATION

Rollout
Medium vehicle price 
in 2017 = $35,000

BEVs could reach 
cost parity with 

ICEs in this period

Estimated Battery Cost of Medium vehicle price in 2017 = $35,000

20302025202020152010

20302025202020152010

$42,000

$18,000

$9,000
$6,000

Supportive Policies

Max. Federal tax credit = $7500 (ends 2019)

California Rebate for 60kWh = $2500 uncertain future

California ZEV requirements & credits extends to 2025

1m

2m

3m

4m

“Innovators” 
200,000 PEVs

“Followers” + 
“Innovators” 
200,000 PEVs

ZEV goal
15% = 1.5 fleet

in 2025

Main Market
3-4 million

PEVs

5 Year PEV Sales in California: Total CA vehicle sales in 2017 = 2million

Source: The International Council on Clean Transportation70
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income groups converge by 2030. In other words, the 

incremental costs and benefits of the aggregate fleet 

are shared equally by all households by 2050 in the 

first three scenarios, but 20 years earlier in the Equity 

scenario. As the results indicate, the Equity scenario 

confers very substantial economic benefits on lower-

income households.

In particular, this assessment does not explicitly 

model vehicle consumer behavior—only the conse-

quences of alternative adoption patterns that can be 

envisioned by policy makers. The goal of this study 

is to demonstrate the economic benefits of these alter-

native adoption pathways across the state as a whole 

in order to strengthen evidence supporting the choice 

of policy objectives, not to prescribe interventions that 

would induce a given adoption pathway.

Many PEV incentives and other policies have already 

been adopted, some continue, and others are being 

contemplated. Recent evidence on both autonomous 

innovation and estimated incentive responses support 

optimism that these programs can significantly influence 

adoption behavior.71 Of course, once goals are agreed 

upon (like the desirability of more socially inclusive 

adoption), economic and statistical models can support 

the search for effective policy interventions. Due to the 

principle of additionality, public funds should be used 

to foster PEV buying among groups who would not 

otherwise adopt. It might also be appropriate to scale 

back individual subsidies as private cost disadvantages 

for publicly beneficial technology choices decline or 

reverse themselves, allowing scarce public funds to be 

used to promote more extensive PEV diffusion.

Fortunately, early research in this area is encouraging. 

For example, quite ingenious and potentially valuable 

work indicates that lower-income groups can be quite 

71 See e.g. muehlegger, e. & Rapson, D. (2018a). Distributional Impacts of vehicle Policy: who buys New and used Alternative vehicles. 
National Center for Sustainable Transportation for recent and innovative work in this area.

72 muehlegger, e. & Rapson, D. (2018a). “Distributional Impacts of vehicle Policy: who buys New and used Alternative vehicles.” And 
(2018b): “Subsidizing mass Adoption of electric vehicles: Quasi-experimental evidence from California.” National Center for Sustainable 
Transportation.

73 Zhang, yuqiang et al, 2017. “Co-benefits of global, domestic, and sectoral greenhouse gas mitigation for uS air quality and human health 
in 2050.” Environmental Research Letters. 12. 114033.

responsive to graduated subsidies for PEV adoption.72 

Further strengthening this behavioral evidence can 

help CARB and other agencies more effectively target 

public resources to advance both environmental and 

social objectives.

5.3  OTHER POLICY ISSUES

5.3.1 Air Quality Improvement

Much of the debate about vehicle electrification focuses 

on costs and benefits of energy use technologies, while 

many societal benefits of reduced environmental pollu-

tion receive less attention. This study attempts to quan-

tify reduced health costs from improved air quality, a 

real co-benefit of clean vehicle electrification that would 

be directly added to other economic impacts. Building 

on a rapidly growing body of public health research on 

climate policy, this study estimates the economic ben-

efits (i.e., avoided health costs) of reducing hazardous 

co-pollutants—PM2.5, Ozone, nitrogen oxide (NOx), 

and sulfur oxide (SOx)—associated with carbon fuel con-

sumption. These pollutants are not only associated with 

electric power and industry, but present a serious health 

risk in transportation corridors and densely-populated 

urban environments.

In order to estimate health benefits from the pro-

posed policies, recently published research that uses 

a meteorological model to model the spatial rela-

tionship between emissions and criteria pollutants 

in 50km x 50km grid cells across the United States 

was leveraged.73  Using this model and scaling mod-

eled changes to emissions in California to reflect the 

proposed vehicle incentive policies allows authors to 

estimate changes in criteria pollutants across the state 

under each policy scenario. The EPA’s BenMAP model 
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is then used to relate changes in criteria pollutants to 

changes in the number of excess deaths from pollu-

tion. differentiating incidence by source of emissions 

(e.g. vehicles, coal fired generation, industrial process, 

etc.).74 Excess deaths are valued according to the EPA’s 

Value of a Statistical Life (VSL) and EPA estimates of the 

relationship between mortality and morbidity health 

costs are used to approximate the magnitude of total 

health benefits. 

Using this approach, the authors estimate that the 

added public health benefits are substantial, compris-

ing up to one third of total economic benefits from the 

proposed policies. Thus, while public health benefits 

are an addition to social wellbeing, including or exclud-

ing them from the analysis does not fundamentally 

change the cost-benefit calculation. These estimates 

are intended only to be indicative of the magnitude of 

potential health benefits from the proposed policies. A 

detailed description of the methods used to estimate 

health benefits is given in Section 6.  

5.3.2 Trade 

Lower expenditures on conventional energy (i.e. gaso-

line and diesel fuel) reduce California’s dependence on 

imports of energy fuels from other states and overseas. 

It is possible that reduced California fuel imports could 

negatively impact the state’s opportunities to export 

goods to trade partners. However, conventional energy 

fuel imports can increase state employment as long as it 

results from improved efficiency that frees up consumer 

dollars for other spending. It has already been observed 

that the carbon fuel supply chain has extremely low em-

ployment potential. For example, a dollar spent on Cali-

fornia gasoline generates less than 5 percent as many 

jobs as the average dollar of consumer spending ($0.70 

of which go to services). Even if California’s exports fell 

by an amount equal to the reduction in conventional 

energy fuel imports, the net job creation effect would be 

strongly positive. 

74 benmAP model documentation, environmental Protection Agency. 2018. Available at: https://www.epa.gov/benmap

Three other effects of fuel savings on households and 

enterprises are also likely to have an impact:

• Spending fuel savings creates its own import de-

mand. This would offset about half the mercantile 

effect of reduced energy imports.

• Service spending has larger in-state multipliers than 

energy fuel spending.

• Innovation benefits of new fuel and vehicle technol-

ogies increase state employment and income.

5.3.3 Market Failure 

Sometimes findings of economic benefits due to climate 

policies encounter skepticism, based on a presumption 

of market efficiency. Simply put, this perspective holds 

that to justify intervention, one must identify specific 

market failures that are inhibiting otherwise voluntary 

mitigation efforts and/or technology adoption. Other-

wise, markets know best and society is already using or 

pursuing the most cost-effective solutions. 

In reality, of course, there are many market imperfec-

tions in the climate change context generally and with 

respect to transportation in particular. Of course, the 

most important one is the global GHG emissions exter-

nality, an inconvenient disconnect between the private 

benefit of using energy services and the public cost of 

the greatest environmental risk in human history. If this 

isn’t enough to justify intervention in today’s energy 

systems, it is also worth acknowledging universal sub-

sidies to conventional modes of transport, as well as 

oligopolies and/or local monopolies in vehicle, conven-

tional fuel, and electric power sectors.

5.3.4 Estimating Employment Effects

The positive job creation resulting from the scenarios an-

alyzed requires that supply conditions are conducive to 

new hiring. To be clear, BEAR is not a “full employment” 

model because California historically has had an elas-

tic supply of labor. Coming out of an adverse national 

macro cycle, the state had some structural unemploy-

ment, and like most economies, this will likely revisit the 
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economy intermittently. Over the long term, however, 

California has a higher-than-average elasticity of labor 

supply, sustained by a long-term trend of net immigra-

tion to the state. This study takes explicit account of 

this and, while it may not yield net job creation for the 

national economy, this kind of new job and income cre-

ation has always benefitted California.75

5.4  MACROECONOMIC RESULTS
The macroeconomic assessment results are presented 

in Tables 9 through 12 for two time horizons (2030 and 

2050). In the first case, it was found that vehicle elec-

trification under LTES cost assumptions would confer 

significant economic benefits from combined PEV 

production, infrastructure, and vehicle savings stimulus 

and these combine to increase state GSP, employment, 

real household incomes, and state revenue. Incorporat-

ing more recent vehicle cost data from ICCT’s sources 

significantly improves the aggregate economic stimulus, 

and more equitable vehicle adoption yield essentially 

the same overall benefit. Once again, it should be 

emphasized that the threefold stimulus from acceler-

ated PEV deployment creates growth and jobs broadly 

across the economy, with many Californians benefitting 

whether they buy a PEV or not.

Percent changes are useful in comparing the relative 

impacts between different scenarios, but do not give a 

clear idea to the magnitude of these effects. To comple-

ment this, macroeconomic findings in level form are also 

reported in Table 10. These results illustrate the size of 

the impacts with Gross State Product increasing some 

$82 to $142 billion in 2030, depending on the scenario. 

Real income is projected to increase substantially, 

ranging between an additional $311 to $357 billion in 

2030, depending on scenario. With regard to jobs, this 

analysis finds an estimated increase of 394,000 new 

jobs in 2030 with higher cost PEVs to over half a million 

75 borenstein, Severin. 2015. “The Job Creation Shuffle,” Haas School of business, university of California, berkeley. february, 2015. Avail-
able at:  https://energyathaas.wordpress.com/2015/02/17/the-job-creation-shuffle/. borenstein is among prominent experts who caution 
about the risk of overestimating national benefits from state-specific job creation. This skepticism is certainly well founded, but states tend 
to place self-interest first when it comes to jobs and income growth.

new jobs with more recent, lower vehicle purchase and 

operating cost projections. Finally, it should be noted 

that overall economic expansion has significant fis-

cal benefits, generating billions in additional revenue 

per year from existing tax instruments. Much larger 

than anticipated cap-and-trade revenue, this serves as 

TABLE 9   Macroeconomic Impacts in 2030 -  
Percentages (Change from Baseline 
in 2030)

LTES INNOVATION EQUITY

Gross State 
Product ($B)

1.48% 2.55% 2.54%

Real Output 2.18% 3.10% 3.08%

Employment 1.44% 1.95% 1.94%

Real Income 2.92% 3.99% 4.16%

In State 
Revenue

1.45% 2.51% 2.50%

Source: Authors’ Analysis

Source: Authors’ Analysis

TABLE 10 Macroeconomic Impacts in 2030 -  
Absolute Levels (Difference from     
Baseline in 2030; 2016 $ Billions  
Unless Noted) 

LTES INNOVATION EQUITY

Gross State 
Product ($B)

82 142 141

Real Output 179 256 254

Employment 394 532 530

Real Income  311 351 357

In State 
Revenue

4 7 7
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a reminder that pro-growth aspects of climate policy 

can yield substantial new resources for reinvestment 

in public goods and services. It can also be noted that 

overall employment gains significantly exceed direct job 

creation that can be expected from increased PEV sales.

Incorporating more recent vehicle cost data from 

ICCT’s sources significantly improves the aggregate 

economic stimulus, and more equitable vehicle adop-

tion yields essentially the same overall benefit. Once 

again, it should be emphasized that the threefold 

stimulus from accelerated PEV deployment creates 

growth and jobs broadly across the economy, with many 

Californians benefitting whether they buy a PEV or not.

Extending the analysis to 2050 significantly amplifies 

the growth dividends associated with more energy ef-

ficient mobility (Tables 11 and 12). Like interest, energy 

and other use savings from more efficient technology 

compound over time, where the multiplier in this case is 

coming from expenditure diverted from (largely import-

ed) energy fuels to in-state goods and (predominately) 

services. The result is that extending the scenario hori-

zon threefold (from 10 to 30 years in the future) increas-

es economic benefits (real GSP) by seven to eight times, 

depending on the scenario. Even in the relatively con-

servative LTES scenario, vehicle electrification increases 

California’s GSP about five percent by 2050—assuming 

the state meets its adoption goals under a relatively 

high cost scenario. With more progress in vehicle cost 

reduction, the gains are almost twice as large. Because 

adoption patterns between 2030 and 2050 are essen-

tially the same for the Innovation and Equity scenarios, 

they differ little by the final year. Having said that, it 

should be emphasized that these two scenarios have 

very different effects on economic inequality.

The macroeconomic drivers of these three scenarios 

are simply described. As was already established by 

in the independent assessment of CEC’s Long-Term 

Energy Strategy, investments in new and more efficient 

clean energy provide significant net stimulus to the Cali-

76 Roland-Holst, David, Samuel evans, Samuel Heft-Neal, Drew behnke, and myung lucy Shim. 2018. Exploring Economic Impacts in Long-
Term California Energy Scenarios. California energy Commission. Publication Number: CeC-500-2018-013.

fornia economy.76 Decomposing the PEV component of 

this in the LTES scenario shows how important vehicle 

electrification is to statewide efficiency gains and 

growth. When more recent estimated improvements in 

vehicle cost effectiveness are considered for the Innova-

tion scenario, the growth stimulus is even more positive. 

The resulting benefit estimates remain conservative, 

Source: Authors’ Analysis

Source: Authors’ Analysis

TABLE 11 Macroeconomic Impacts in 2050 -  
Percentages (Change from  
Baseline scenario)

LTES INNOVATION EQUITY

Gross State 
Product ($B)

4.94% 9.24% 9.22%

Real Output 6.00% 10.51% 10.48%

Employment 2.86% 4.03% 4.02%

Real Income 7.80% 12.74% 12.81%

In State 
Revenue

4.70% 8.81% 8.79%

TABLE 12 Macroeconomic Impacts in 2050 -  
Absolute Levels (Difference from 
Baseline in 2050; 2016 $ Billions 
Unless Noted)

LTES INNOVATION EQUITY

Gross State 
Product ($B)

614 1,150 1,147

Real Output 1118 1,956 1,952

Employment 
(,000)

1290 1,816 1,812

Real Income 1,216 1,489 1,494

State Revenue 29 55 54
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however, since no incremental innovation 

from the base year (2018) forward is as-

sumed. Finally, promoting PEV adoption 

among lower-income households acceler-

ates overall electrification and distributes 

the economic benefits more equitably.

5.5  HOUSEHOLD IMPACTS BY  
        INCOME GROUP

Both of the arguments for inclusive ve-

hicle adoption and the virtuous growth 

cycle discussed in the previous section 

can be clearly understood by examin-

ing scenario impacts across different 

California income groups. The BEAR 

model has the ability to forecast results 

for each state income tax bracket. Given 

that the benefits from transitioning to 

electric and other zero-emission vehicles 

will not be uniformly distributed across 

the population, this feature of the model 

is particularly relevant. The results for 

income impacts-by-decile are illustrated 

in Figure 16, demonstrating the essential 

macroeconomic drivers of vehicle elec-

trification, both in terms of aggregate in-

come growth and its distribution. Simply put, more ef-

ficient vehicles confer income benefits on their owners, 

and these propagate across multiplier linkages to the 

rest of the state economy. Even when lower-income 

households capture larger benefits from accelerated 

adoption rates, these indirect linkages protect most of 

the gains for higher-income groups. 

The LTES scenario assumes the state would progress 

toward uniform PEV adoption by 2050. The Innovation 

scenario adhered to the same adoption pathway but 

offered greater PEV owner savings via more optimistic 

vehicle cost trajectories. Finally, the Equity scenario 

shifted PEV purchasing to achieve equal ownership 

rates across income groups by 2030, meaning the 

same overall PEV deployment, but more rapid adop-

tion among lower-income groups. The primary differ-

ence between these scenarios was the consequent 

distribution of PEV purchase costs and use savings. The 

economy and all income groups gained from lower cost 

vehicle deployment (LTES) and gained more when costs 

were even lower (Innovation). When lower-income 

groups experienced more rapid adoption, their gains 

were even larger than those of higher-income groups, 

exactly as would be expected. 

Less obvious, but very welcome for policy makers, is 

the finding that higher-income groups would be nearly 

unaffected by the redistribution of vehicles. This is 

because, while fewer people may benefit directly from 

PEV ownership, many more can benefit indirectly from 

adoption by others, via emission reductions and the 

economic spillovers from an expanding technology sec-
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tor. As with the example of Tesla, every time California 

establishes standards or incentives for adoption of 

new technology, it creates an incubator the size of the 

world’s fifth-largest economy. Firms know that estab-

lishing marketable innovations here can prepare them 

for global export competitiveness. All this reminds us 

of a central tenet of California’s knowledge-intensive 

growth model—induced growth from technology in-

novation benefits the overall economy, rewarding even 

those people who neither develop nor adopt it. For 

PEVs, this conclusion applies with comparable force to 

economic and environmental benefits, although PEVs in 

lower-income communities might displace less efficient 

vehicles, amplifying these benefits.

Any discussion of the economic impacts from large-

scale technology adoption needs to take account 

three component impacts: investment in technology 

production, technology purchasing, and more indirect 

77 “exploring economic Impacts in long-Term California energy Scenarios.” California energy Commission. June 2018. 
Available at: https://ww2.energy.ca.gov/2018publications/CeC-500-2018-013/CeC-500-2018-013.pdf

technology adoption cost. The first, like building and 

operating an automobile factory, represents so-called 

“shovel-ready” investment and is usually an unambigu-

ous economic stimulus. Technology purchase and use 

costs can have mixed effects on the economy, depend-

ing on their so-called opportunity cost. In other words, 

technology adoption will stimulate the economy if it 

leads to higher productivity, lower resource costs, or 

both. If it reduces productivity (e.g. online gaming or 

shopping during working hours) or increase resource 

costs, it will be detrimental to economic growth.

This report has already argued that current trends 

in PEV technology will lower vehicle costs, so this 

provides direct stimulus (through consumer savings) 

in California whether the state make the cars or not. 

Growth stimulus from energy fuel saving is subtler, 

but also more pervasive. Promoting energy efficiency 

(in vehicles, appliances, or any durable goods) saves 

FIG 17 Job Creation Through Expenditure Shifting
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money for households and enterprises. 

These savings will be diverted toward 

other expenditures, the majority of 

which (in California) go to in-state ser-

vices that

• employ workers from all skill levels and 

demographics

• are non-tradable, meaning these new 

jobs cannot be outsourced.

To understand how potent this driver is, 

note that 70 percent of California ag-

gregate demand (GSP) is household 

consumption and 70 percent of this goes 

to services. Thus, about half of incremen-

tal income or diverted expenditure can be 

expected to go to the service category 

of employment—the most labor-intensive 

and skill-diverse in the economy. As Figure 

17 makes clear, the carbon fuel supply 

chain is among the least employment 

intensive, and this after deducting a sig-

nificant import cost share. Jobs per mil-

lion of revenue in the service sector are 

one to 10 times greater than the same 

metric in the carbon fuel supply chain, 

and the difference is far too large to be 

offset by wage inequality. Simply put, if you save a dollar 

at the gas pump, you will spend about two-thirds of it on 

services, stimulating much stronger in-state job growth.

Figure 18 shows real gains by household income group 

in 2050, which have converged along with assumed 

vehicle adoption patterns. Despite the “level playing 

field” since 2030 when the Equity scenario assumes PEV 

adoption rates are equalized, a residual growth benefit 

of early (2018 to 2030) accelerated adoption persists for 

lower-income households. Moreover, higher-income 

groups still capture the full benefit of the Innovation 

scenario’s superior efficiency assumptions. This sug-

gests the state can achieve its goals of more inclusive 

PEV economic and environmental benefits without 

long-term disadvantage to any group.
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Disadvantaged 
Community Analysis
6.1  BACKGROUND

Statewide models of the economy are useful tools for evaluating the 

costs and benefits of proposed policies in California. However, state-

level results provide little information about how policies will affect 

individual communities. In particular, the distributional component of 

costs and benefits will have broad implications with respect to policy 

impacts and must be considered in order to ensure that vulnerable 

communities do not bear more than their share of the costs. Examples 

of past studies that directly considered policy impacts on disadvan-

taged communities include the Economic Assessment of SB350 com-

missioned by the California ISO78 and the Economic Analysis of the 2017 

Scoping Plan developed by the California Air Resources Board.79  

Here, the above-described BenMAP approach to 

downscaling statewide economic impacts at the cen-

sus tract level is used. Moreover, in addition to income 

and employment effects, the authors also rely on 

detailed vehicle registration data from the Department 

of Motor Vehicles (DMV) along with rebate data to 

examine adoption patterns of electric vehicles in both 

disadvantaged and non-disadvantaged communities. 

Lastly, these methods are further refined by drawing on 

CalEnviroScreen 3.0 to identify Disadvantaged Com-

munities (DACs) and to utilize updated census level data 

to calibrate community shares. The authors hope this 

approach will further develop the template for future 

analysis of environmental policy impacts on disadvan-

taged communities in California.

78 Roland-Host, D., D. behnke, S. evans, C. H. Springer, S. Heft-Neal. Senate bill 350 Study, volume vIII: economic Impact Analysis. Califor-
nia State Senate. July 8, 2016. Available at: http://www.caiso.com/Documents/Sb350Study-volume8economicImpacts.pdf

79 California Air Resources board (CARb), 2017a. California’s 2017 Climate Change Scoping Plan: The strategy for achieving California’s 2030 
greenhouse gas target. November 2017. Available at: https://ww3.arb.ca.gov/cc/scopingplan/scoping_plan_2017.pdf

80 CalenviroScreen 3.0. California Office of environmental Health Hazard Assessment. updated June 2018. 
Available at: https://oehha.ca.gov/calenviroscreen/report/calenviroscreen-30

6.2  IDENTIFYING DISADVANTAGED  
       COMMUNITIES

In order to identify communities that are disadvantaged 

with respect to environmental policies, the California 

Environmental Protection Agency (CalEPA) worked with 

the Office of Environmental Health Hazard Assessment 

(OEHHA) to develop a tool called CalEnviroScreen (CES) 

that evaluates economic and environmental conditions of 

every census tract in California. The most recent version, 

CalEnviroScreen 3.0, was last updated in January 2018 

and it considers factors such as environmental condi-

tions, health outcomes, and socioeconomic status to 

construct a score for each census tract, which can then 

be used to identify vulnerable communities likely to be 

sensitive to changing policies.80 Disadvantaged Com-

munities (DACs) are commonly defined using this tool as 
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census tracts in the top 25th percentile of 

CES scores. By this definition, there are 

currently 2,022 census tracts designated 

as DACs in California.

The communities that are designated 

as disadvantaged using this approach 

are burdened by a combination of low 

income, high exposure to environmental 

hazards, and poor health. To illustrate the 

importance of this combination of fac-

tors, Figure 19 highlights the relationships 

between pollution exposure, poverty, 

and CES score. Each point represents a 

census tract in California and the axes 

show poverty and pollution exposure. CES 

score is represented by color. DACs are 

concentrated in the upper right corner of 

the figure where both pollution exposure 

is high and income is low. The figure high-

lights the fact that most census tracts that 

are very poor, but exposed to low levels of 

pollution are not designated as disadvan-

taged by CalEnviroScreen 3.0. Similarly, 

wealthy communities exposed to high lev-

els of pollution do not qualify as disadvan-

taged in this classification system. It is the 

combination of hazardous environmental exposure and 

socioeconomic status (and high health costs) that results 

in a community being designated as disadvantaged.

6.3  CHARACTERISTICS OF  
       DISADVANTAGED COMMUNITIES

6.3.1 Spatial Distribution

The regional distribution of DAC communities is ap-

parent from Figure 20. While there are disadvantaged 

communities throughout the state, they are highly 

concentrated in two regions: the Central Valley and Los 

Angeles. In fact, approximately half of the disadvan-

81 “exploring economic Impacts in long-Term California energy Scenarios.” California energy Commission. June 2018. 
Available at: https://ww2.energy.ca.gov/2018publications/CeC-500-2018-013/CeC-500-2018-013.pdf

taged communities are in Los Angeles County alone. 

This includes 51 percent of disadvantaged census tracts 

representing 46 percent of the disadvantaged popula-

tion. Another 20 percent of disadvantaged communities 

are located in the Central Valley (21% census tracts, 23% 

of disadvantaged population), so collectively these two 

regions contain nearly 75 percent of all disadvantaged 

communities. While Los Angeles County and the Central 

Valley are distinct in many ways, both areas include poor 

air quality and substantial populations of low-income 

residents, the qualities that designated disadvantaged 

status for the purpose of evaluating California environ-

mental policy. The remaining disadvantaged communi-
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ties are mostly spread across the state, however, none of 

the regions besides Los Angeles and the Central Valley 

contain more than 10 percent of the disadvantaged 

communities or population.

6.3.2 Socioeconomic Status

Naturally, disadvantaged communities are less well-off 

than non-disadvantaged communities and these dif-

ferences show up across the spectrum including lower 

income, education, and asset ownership. Across the 

state, households in DAC communities have 53 percent 

lower per capita income on average than their non-

disadvantaged counterparts, and are 93 percent more 

likely to live below the poverty line.82 

Overall DAC households are substantially more likely 

to be employed in the agricultural sector (4.3% vs 

1.8%), however, this discrepancy is particularly stark in 

the Central Valley, where more than 15 percent of DAC 

households are in the agricultural sector compared to 

less than seven percent of non-DAC households. DACs 

also skew more heavily towards unskilled labor such as 

manufacturing (11.4% vs 9.3%), retail (12% vs 10.8%) 

and transportation (6.3% vs 4.2%).

82 Source is author’s calculations combining ACS 5-year average income estimates with CeS 3.0 DAC designations.

While energy usage for every census tract is not ob-

served, the types of energy systems used for heating 

and cooling are observed in the ACS data. Findings 

indicate that non-DACs are twice as likely to use solar 

energy for their heating and cooling needs while DACs 

are three times as likely not to have any heating or 

cooling systems in their homes.

6.3.3 Environmental Exposure 

In addition to being less well off financially, by the CES 

definition disadvantaged communities are also exposed 

to higher levels of many hazardous environmental ex-

posures. For example, statewide emissions from diesel 

sources are 62 percent higher in DACs (27 compared 

to 17 kg of emissions day) and PM2.5 exposure from 

all sources is 26 percent higher (12.3 compared to 9.7 

ug\m3). Pesticide use is 11 percent higher in disad-

vantaged communities (340 compared to 305 lbs. per 

square mile). In contrast, for some pollutants that are 

more homogenous over space, like ozone, there is no 

measurable difference in exposure between disadvan-

taged and non-disadvantaged communities. 

FIG 20 Location of DACs in California, and in Los Angeles County and the Central Valley

Source: Authors’ Analysis

The spatial distribution of disadvantaged communities (DACs) in the state (left) Los Angeles County (middle) and the Central Valley 
(right). 75 percent of DACs in the state are in these two regions.
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There is considerable spatial variation in hazardous 

environmental exposure across the state. In Los Angeles 

County, for example, emissions from diesel sources are 

higher than average for all communities. Nonetheless dis-

advantaged communities live in locations within the county 

with 50 percent more diesel emissions than their non-

disadvantaged counterparts (30 compared to 20 kg/day). 

Similarly, pesticide application is higher for both groups in 

the Central Valley, however, disadvantaged communities 

live in areas with 70 percent higher rates of pesticide ap-

plication (845 compared to 498 lbs. per square mile).

83 Gibson T., e.G. Hertwich, A. Arvesen, b. Singh, and f. verones, 2017: Health benefits, ecological threats of low-carbon electricity. environ-
mental Research letters, 12, 034023. http://dx.doi.org/10.1088/1748-9326/aa6047

84 Saari, R.K., N.e. Selin, S. Rausch, T.m. Thompson, 2015: A self-consistent method to assess air quality co-benefits from u.S. climate poli-
cies. Journal of the Air & waste management Association, 65, 74-89. http://dx.doi.org/10.1080/10962247.2014.959139

85 Thompson, T.m., S. Rausch, R.K. Saari, and N.e. Selin, 2014: A system approach to evaluating the air quality co-benefits of uS carbon poli-
cies. Nature Climate Change, 4, 917-923. http://dx.doi.org/10.1038/nclimate2342

86 “exploring economic Impacts in long-Term California energy Scenarios.” California energy Commission. June 2018. 
Available at: https://ww2.energy.ca.gov/2018publications/CeC-500-2018-013/CeC-500-2018-013.pdf

6.3.4 Health Burden

The high health and overall economic costs of exposure 

to these hazards is well established.83, 84, 85  Benefits from 

reducing harmful exposures therefore stand to be signifi-

cant particularly for communities exposed to dangerously 

high levels. Moreover, since DACs are disproportionately 

likely to be exposed to high amounts of these hazards, 

uniform reductions across the state stand to be particu-

larly beneficial to these communities.

FIG 21 Comparison Between Disadvantaged and Nondisadvantaged Communities
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The combination of fewer resources to facilitate ad-

aptation and higher exposure rates help contribute to a 

situation where disadvantaged households bear many of 

the overall health costs from poor environmental quality. 

For example, households in DAC communities are 64 

percent more likely to have visited an emergency room 

for asthma-related problems (74 compared to 45 visits 

per 10,000 people) and 34 percent more likely to have 

visited for a heart attack (10 compared to 7 visits per 

10,000 people). Children born in disadvantaged house-

holds are also 26 percent more likely to have low birth 

weights. None of these differences can be directly at-

tributed to higher exposure to hazardous environmental 

conditions since, by the nature of being disadvantaged, 

these communities are likely to be in poorer health over-

all. Nonetheless, the higher rates of disease incidence, 

and particularly asthma, indicate that improvements 

in air quality are likely to be particularly beneficial to 

disadvantaged communities.

It should also be noted that the source of pollution 

exposure in DACs varies geographically. In places 

like the Central Valley, heavy-duty vehicles (HDV) are 

a main source, whereas in Los Angeles, light-duty 

vehicles (LDV) are a primary contributor. DACs in dif-

ferent regions are therefore likely to benefit more from 

different policies.

6.4  METHODS

Directly modeling the economic impact of statewide 

policies at the disadvantaged community-level using the 

BEAR model would require complete data on economic 

activities for every census tract in California. Since these 

data do not exist, statewide impacts disaggregated to the 

census tract-level were  utilized instead and then impacts 

in those census tracts designated as disadvantaged were 

highlighted. The process of disaggregating statewide re-

sults to the census tract-level is different for each outcome 

and these processes are described in detail below.

6.4.1 Downscaling BEAR Model Employment results

The BEAR model produces job impact estimates 

measured as total jobs by sector and by occupation. 

Jobs impacts are downscaled from the state to the 

census tract using occupational and sector employment 

information in the American Communities Survey (ACS). 

ACS 5-year estimates (2011-2015) of the share of num-

ber of households with residents employed in each sec-

tor and each occupation were utilized. This study relies 

on the assumption that changes in jobs are uniformly 

spatially-distributed across the state within sector and 

occupations so total job changes at the state-level are 

allocated evenly across the state to households within 

that sector and within that occupation. 

Direct employment is distinguished from indirect and 

induced employment using employment intensities 

for the sectors directly impacted by the PATHWAYS 

decarbonization scenarios. These direct effects are 

then netted out to determine the indirect and induced 

employment impacts of the decarbonization scenario.

6.4.2 Caveats

Lacking enough information to predict the location of 

new jobs, it is instead assumed that future jobs are cre-

ated in the locations where current jobs exist. There-

fore, the authors assume that future jobs, within a given 

sector and occupation, are uniformly spatially distrib-

uted across the locations of current workers. Relying on 

this assumption allows the model to allocate total job 

changes at the state level evenly to households within 

that sector and occupation. For example, this analysis 

assumes that construction jobs in 2030 are in the same 

locations that they are now, so all new 2030 construc-

tion jobs are assigned to each census tract proportion-

ally to the number of current construction workers. If 

new construction jobs are generated in places that do 

not currently have construction jobs, those jobs would 

be captured in our macro estimates but would not be 

assigned to the correct census tracts. 
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6.4.3 Low-Emission Vehicle Analysis

In order to downscale the impacts of clean vehicle use 

to the census tract level, the authors rely on vehicle 

registration data provided by the DMV as well as the 

Center for Sustainable Energy’s Clean Vehicle Rebate 

Project data set. The Clean Vehicle Rebate Project 

(CVRP) is a publicly available database maintained by 

the Center for Sustainable Energy (CSE) for the Califor-

nia Air Resources Board.87 It includes data on all PEV 

rebate claims in California at the census track level. 

While not all PEVs are captured in the database (as not 

every eligible vehicle owner applies to the CVRP), over 

the first five years of the program approximately 75 per-

cent of eligible PEV purchases received CVRP rebates. 

Using this information on the location of clean vehicles 

in conjunction with DMV vehicle registration data allows 

us to model EV adoption and to downscale E3’s state-

wide electric vehicle projections in order to examine the 

impacts on DACs. 

In earlier rounds of CVRP, more than 90 percent of 

incentivized clean vehicles in California were pur-

chased by households in non-disadvantaged commu-

nities. This has given rise to concerns about the risk 

of “free riding” on the vehicle subsidy program by 

households who would otherwise have bought eligible 

vehicles in any case. While this raises important equity 

considerations, a more definite policy concern is lack 

of “additionality.” To the extent that incentives go to 

buyers who would have acquired a PEV anyway, public 

funds are achieving lower overall adoption per dollar.

The data noted above is then used together with 

income data and detailed demographic information to 

model PEV purchases. Next, the BEAR model esti-

mates of income are used to predict purchasing pat-

terns under different scenarios (holding demographic 

characteristics fixed). The BEAR model produces 

statewide estimates for changes in income by tax 

bracket. Beginning with the ACS data set, the distri-

butional impact of these changes on disadvantaged 

87 California Clean vehicle Rebate Project can be found at: https://cleanvehiclerebate.org/eng  

communities is examined by constructing a sample 

of household shares from each tax bracket in every 

California census tract, using the 5-year averages from 

annual data over the period 2011-2015. The census 

tract level shares of households in each tax bracket are 

then disaggregated throughout the state in proportion 

to the number of households in each tax bracket. This 

approach assumes that, for each tax bracket, income 

effects are distributed evenly around the state for 

households within the tax bracket. Local factors are of 

course important determinants of how policies impact 

a particular community. Therefore, for any given cen-

sus tract this approach is unlikely to accurately predict 

income change from the simulated policy. That being 

said, on average the statewide impacts within a tax 

bracket will impact the populations within that bracket 

so the statewide DAC vs non-DAC comparison are a 

reasonable second-best estimate. 

The income estimates from this model represents total 

income and the authors therefore present the study’s 

census tract level results as community income per 

household in 2030 and 2050. In order to estimate com-

munity income per household the number of households 

in each census tract in 2030 and 2050 must first be esti-

mated. To do so, DOF estimates of population growth 

by county are used.  Population growth within counties 

is assumed to be uniform across census tracts and it is 

further assumed that household size remains constant 

so population growth is equivalent to growth in house-

holds. With these data and assumptions, household 

growth rates for each census tract can be calculated and 

applied to the current number of households in order to 

forecast the number of households in each census tract 

in 2030. These estimates of number of households are 

then used as the denominator in the income per house-

hold measure. Predicted income changes for each sce-

nario are then used to model PEV purchasing patterns, 

which are in turn used to downscale the state-level 

electric vehicle projections for each scenario.
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6.4.4 Caveats

This approach allows purchasing patterns to vary by 

income, but it does assume that household demo-

graphics are constant between now and the modeled 

years. While demographics do play an important role 

in predicting PEV purchasing patterns (and they are 

controlled for  in the model to try and isolate the role 

of income), recent research has found that income is by 

far the most important predictor of PEV purchases.88 

This study finds that, at lower level incomes, additional 

income has an insignificant effect on the number of 

PEVs purchased. However, at relatively high levels of 

income, additional income does increase the number 

of PEVs purchased.

6.5  EXAMINING HEALTH BENEFITS 
       FROM REDUCTION IN GHG  
       EMISSIONS

Poor air quality imposes substantial and unequal public 

health costs across the state. Conversely, averting 

such costs is an important co-benefit of reductions in 

GHG emissions and commensurate improvements in 

air quality. As part of this study’s medium and longer-

term economic assessment of the state’s future energy 

system, an exploratory analysis to quantify the value 

health benefits (i.e., avoided health costs) associated 

with a reduction in criteria pollutant emissions (NOX, 

SOX and PM2.5) from LTES policies is presented. This 

is done in four sequential steps.

Step 1: Estimating how reductions in GHG emis-

sions reduce concentrations of criteria pollutants

Air quality is negatively correlated with GHG emis-

sions, and criteria pollutants (e.g. PM2.5 and Ozone) 

have been linked to harmful effects on human health. 

However, the relationship between reduced GHG and 

88 California Air Resources board (CARb), 2017b. “factors Affecting Plug-In electric vehicle Sales in California”, may 2017. Prepared by uClA.

89 Zhang, yuqiang et al, 2017. “Co-benefits of global, domestic, and sectoral greenhouse gas mitigation for uS air quality and human health 
in 2050”. Environmental Research Letters. 12. 114033. Available at: https://iopscience.iop.org/article/10.1088/1748-9326/aa8f76

90 Thomson, A., Calvin, K., Smith, S., Kyle, G.P., volke, A., Patel, P., Delgado-Arias, S., bond-lamberty, b., wise, m., Clarke, l. and J. ed-
monds, 2011. “RCP4.5: A Pathway for Stabilization of Radiative forcing by 2100”. Climatic Change, November 2011, 109: 77.

criteria emissions is not 1:1 (i.e., a 5% reduction in GHG 

emissions does not necessarily translate to a 5% reduc-

tion in PM2.5) and this relationship varies over time and 

space. Modeling the relationship between GHG emis-

sions and criteria pollutants is therefore the important 

first step to estimating health benefits. Until recently 

this relationship has not been well understood, but new 

research has shed important light on these linkages.

The authors of this study are not able to directly mod-

el how reductions in GHG emissions from LTES policies 

will specifically translate into lower criteria pollutant 

concentrations, however. Doing so would require an 

intensive modeling effort by physicists and environmen-

tal scientists and is far beyond the scope of the current 

project. Fortunately, this study was able to leverage 

recent research by Zhang et. al. on the link between 

GHG emissions in the energy sector and mortality risk 

in the United States.89 The model evaluates the RCP 

4.5 ENERGY scenario, a generic suite of cost minimiz-

ing policies that reduce GHG emissions in the national 

energy sector by a given amount.90 These emissions re-

ductions come from changes in electric power genera-

tion and energy extraction and transformation and are 

modeled to the year 2050. These estimates were then 

adjusted to more closely reflect potential emissions re-

ductions from policies and to estimate benefits in 2030. 

According to E3 scenario numbers, by 2030 about half 

of 2050 GHG emission reductions will have taken place. 

The authors of the Zhang et. al. study were kind enough 

to share their data with this study’s authors, which 

include ~50km x 50km gridded estimates of reductions 

in PM2.5 and Ozone, so these values were scaled to be 

half of their 2050 reductions.
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Step 2: Estimating the effects of lower criteria pol-

lutant concentrations on avoided pre-mature deaths

The Zhang et. al. data also includes 50x50km gridded 

estimates for the number of avoided pre-mature deaths 

due to avoided PM2.5 exposure and the number of 

avoided pre-mature deaths due to avoided Ozone 

exposure. The avoided pre-mature deaths estimates 

were derived from the EPA’s BenMAP model. This 

model takes as inputs criteria pollution concentrations 

and outputs mortality risk estimates so it can be used 

to input the predicted reductions in PM2.5 and Ozone 

concentrations and output estimates for reductions in 

pre-mature deaths.91

Step 3: Valuing mortality and morbidity

The standard approach for valuing the cost of an 

avoided pre-mature death is to use a concept known 

as the Value of a Statistical Life (VSL). Report authors 

utilize the EPA’s $7.5 million for the VSL, which also 

represents a de facto consensus from legal actuaries 

in California. This value does not mean that the EPA 

places a dollar value on individual lives. It represents 

a survey-based estimate of how much people are will-

ing to pay for small reductions in their risk of dying 

91 environmental Protection Agency, 2018. benmAP model documentation: https://www.epa.gov/benmap

92 environmental Protection Agency. mortality Risk valuation. 
Available at: https://www.epa.gov/environmental-economics/mortality-risk-valuation

from adverse health conditions that may be caused by 

environmental hazards and scale these estimates to 

represent a death.92 

Multiplying the number of avoided pre-mature 

deaths by the EPA’s VSL provides an estimate of 

the value of avoided pre-mature deaths, however, it 

ignores the costs associated with morbidity from air 

pollution. These comprise all averted medical costs due 

to lower incidence of respiratory and other air pollution 

related illness (e.g. asthma) which—for OECD popula-

tions—is normally estimated to be larger than mortality 

costs. Note, however, that this estimate is still conser-

vative because it does not value non-medical costs like 

absenteeism, reduced effort, productivity, etc.

Directly estimating morbidity costs would require 

extensive information health costs incurred by cause, 

again outside this study and in many cases unavail-

able. The authors therefore rely on the EPA’s regulatory 

assessment for the Review of the Particulate Matter 

National Ambient Air Quality Standards (NAAQS) to 

get an idea of the ratio of total health costs (mortality 

+ morbidity) to mortality costs alone. In this regulatory 

assessment, the EPA estimated morbidity benefits to 

FIG 22 Broad Overview of Health Benefits Analysis

Sources: Model of meteorology and air quality, Yuquiang Zhang et al 2017 Environ. Res. Lett. “Co-benefits of global, domestic, and 
sectoral   greenhouse gas mitigation for US air quality and human health in 2050;”

EPA’s BenMAP model for mapping exposure to health  benefits, http://www.epa.gov/benmap

FIGURE 22  Broad Overview of Health Benefits Analysis  

Sources: Model of meteorology and air quality, Yuquiang Zhang et al 2017 Environ. Res. Lett. “Co-benefits of global, domestic, and sectoral 
               greenhouse gas mitigation for US air quality and human health in 2050;” EPA’s BenMAP model for mapping exposure to health 
               benefits, http://www.epa.gov/benmap

GHG Emissions Criteria Pollutants Health Costs
(PM2.5, ozone, etc.)
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be 2.5 times larger than mortality benefits. Scaling this 

study’s benefits estimates by a factor of 2.5, the value 

of total health benefits in California associated with the 

volume of reductions in GHG emissions forecast from 

policies in 2030 is estimated.

Step 4: Spatially Disaggregated (DAC-level) 

Estimation

Because the data provided by Zhang et. al. are on a 

~50x50km grid, the avoided pre-mature deaths can 

be matched to individual communities and US census 

tracts (the geographic basis for DAC definition). This is 

done by taking the total avoided deaths in a grid cell 

and downscaling them across census tracts, weighting 

by population. For example, if five census tracts are 

contained within one grid cell and that grid cell predicts 

10 avoided pre-mature deaths, then each of the five 

census tracts will be assigned a fraction of the 10 deaths 

proportional to the population in that census tract. The 

census tracts designated as DACs by CalEnviroScreen 

3.0 are identified and DAC and regional totals for the 

health benefits are then estimated.

Caveats

This study utilizes nationally-modeled 50x50km-gridded 

health benefits estimates from GHG emissions reduc-

tions in the energy sector and is intended to be illustra-

tive of the potential magnitude of health benefits. How-

ever, studies devoted specifically to analyzing California 

policies at the local level are needed (and several are 

currently underway) in order to illuminate highly local-

ized effects.

Another main caveat is that detailed GHG reductions 

from LTES policies are not modeled. Benefits are mod-

eled from GHG reductions due to transformations in 

the energy sector including changes in electric power 

generation (e.g. California’s Renewable Portfolio Stan-

dard) and energy extraction and transformation. These 

emissions are then scaled proportionately to expected 

93 All these changes are documented in CeC’s report on the lTeS, with supporting analysis by e3 (2016) and other energy sector researchers.

94 environmental Protection Agency. How benmAP-Ce estimates the Health and economic effects of Air Pollution. 
Available at: https://www.epa.gov/benmap/how-benmap-ce-estimates-health-and-economic-effects-air-pollution

emissions reductions from LTES policies.93 The spatial 

patterns of criteria pollutant reduction from changes 

in power generation and extraction are therefore as-

sumed to be the same as the spatial patterns of criteria 

pollutant reductions from LTES policies. This results in 

underestimating benefits in places where LTES poli-

cies will reduce criteria pollutants in ways other than 

through electricity generation. For example, this analy-

sis does not consider the location of GHG emissions 

from the transportation sector, however, the total GHG 

emissions reductions in our health benefit estimates do 

reflect emissions reductions from transportation since 

the Zhang et al estimates are scaled to the level of 

total expected reductions in GHG emission from LTES 

policies.  

The other main assumption is that total health ben-

efits and avoided pre-mature deaths conform to a 2.5 

multiple relationship observed at the national level. 

This assumption is based on previous work by the EPA 

and takes averages from estimates in the EPA regula-

tory assessment for the National Ambient Air Qual-

ity Standards. It should be noted, however, that EPA 

estimates of morbidity costs in this study range widely 

and while the average is taken, other estimates within 

the confidence interval would result in some variation 

of total avoided health cost estimates.

Additional assumptions include the following:

• value of a statistical life is $7.5 million, 

• BenMAP, a national assessment tool, appropriately 

estimates the number of avoided deaths from re-

ductions in criteria pollutants,94

• the total number of avoided deaths in a 50x50km 

area will be realized proportionately to population 

within that area

Lastly, this analysis assumes that, because most PEV poli-

cies affect dispersed pollutants, mitigation is achieved 

uniformly across the state. Criteria pollutants can be 
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more localized, but there is currently a lack of complete 

data on how PEV adoption will affect these patterns. 

In reality, urban census tracts will probably see greater 

mitigation from higher initial concentrations, while rural 

census tracts will begin with better air quality and see 

smaller improvements. As such, this analysis could be 

overestimating benefits in some areas where higher con-

centrations persist, but of course it also means that more 

targeted policies could achieve even larger benefits.

In addition to the caveats above, it should also be 

noted that this study does not cover all potential co-

benefits from GHG emissions reductions. Benefits not 

covered here include: 

• Local environmental, health, and safety benefits 

from electrification of the vehicle fleet

• Productivity benefits from lower criteria pollutant 

concentrations (e.g. work and school attendance, 

performance, etc.)

• Local environmental and health benefits from roof-

top solar95

• Benefits from avoided local temperature increases 

due to lower GHG emissions.96 Higher temperatures 

have been found to impact many outcomes includ-

ing, but not limited to, agriculture, income, educa-

tion, and crime.97

These (and other) benefits would be additional to those 

estimated in this study.98

95 Some of the benefits from rooftop solar are implicitly included in our health benefits estimates insofar as rooftop solar helps reduce 
demand for other dirtier forms of electricity generation and therefor contributes to lower GHG emissions in the energy sector statewide. 
However, this process is not explicitly modeled and we cannot directly account for the location of potential solar expansion.

96 Our health benefits estimates are derived from modeled GHG reductions in the energy sector that translate to lower criteria pollutant concen-
trations. we do not quantify any of the many benefits that would come from avoiding higher temperatures through reduced GHG emissions.

97 Carleton, T. and S. Hsiang 2016. “Social and economic Impacts of Climate”. Science (2016) doi:10.1126.

98 for more information on non-health co-benefits from reductions in GHG emissions, including examples of studies estimating damages to 
each of the mentioned outcomes (and more), see Carleton and Hsiang “Social and economic impacts of climate,” Science 2016.

6.6  AGGREGATE DAC RESULTS

From the perspective of lower-income communities, 

the most important finding of this assessment is that 

large-scale California vehicle electrification benefits 

them regardless of which patterns of adoption were 

analyzed. As long as the state accelerates PEV deploy-

ment, the savings from this will expand service-intensive 

household demand, creating jobs across the economy 

that are more likely to benefit lower wage, less skilled 

workers. It should also be emphasized that these multi-

plier benefits may not be directly observable as links to 

higher-income groups adopting efficient vehicles, yet the 

indirect expenditure linkages are inexorable.  Of course, 

it would also be desirable for lower-income communities 

to enjoy the direct efficiency and local pollution benefits 

of PEVs, but these impacts are secondary to the overall 

job intensive stimulus resulting from expansion of a more 

fuel-efficient light vehicle fleet. These indirect employ-

ment gains are also far greater than direct income and 

job creation from the PEV sector itself.

These comparisons are summarized in Tables 13 and 

14 for 2030. The level changes in Table 13 are encour-

aging since both categories of community benefit in 

every EV adoption scenario. At least as important for 

policy, however, are the relative impacts, which can be 

seen in Table 14. Noting first that DACs comprise 25 

percent of California’s population, the table illustrates 

that this group’s job growth significantly exceeds this 

share (36%) in all scenarios. When statewide vehicle 

cost savings are lower (LTES), so are absolute and 

individual percentage income and job gains, but the 

composition of diverted expenditure and thus new job 

creation remain the same. Results for PEVs are dic-

tated by vehicle adoption trends in LTES and Innova-
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tion scenarios. LTES reflects the highest 

PEV purchase price disadvantage, so 

highly unequal adoption that is familiar in 

today’s market can be seen. With more 

optimistic (Innovation) technological prog-

ress, accelerated low income adoption 

can be seen as PEVs cross the cost parity 

threshold earlier. For the Equity scenario, 

it is assumed that PEV adoption rates in 

DACs converge to those of Non-DACs by 

2030, requiring even faster acceleration 

of demand in DACs. In terms of averted 

health costs from reduced vehicular criteria 

pollution, DACs again enjoy relatively greater 

benefits that Non-DAC communities, regardless which 

of the three PEV adoption patterns prevails.

To summarize, for all scenarios evaluated, compared 

to the rest of the state’s population, Disadvantaged 

Communities (DACs) will experience higher job growth 

and larger per capita economic benefits from reduced 

mortality and morbidity than in the Baseline case. Next, 

this study will take a more detailed look at the spatial 

characteristics of these impacts.

6.7  JOB CREATION 

Modeling results from this study suggest that – with-

out exception – policies beyond the Baseline reference 

scenario stimulate the overall California economy, with 

DACs experiencing relatively greater job creation than 

the statewide average. More specifically, the most 

growth-oriented Innovation Scenario delivers the fol-

lowing job creation patterns:

• By 2030

 » 192,000 more jobs would be created in DACs 

 » 337,000 more jobs would be created in 

non-DACs 

 » DACs (25% of state population) take 36 percent 

of new jobs

• By 2050

 » 652,000 more jobs created in DACs, still 36 per-

cent of new jobs 

 » 1.160 million more jobs created in non-DACs

The largest job creation potential is demonstrated in the 

Innovation Scenario, which is the focus of the remaining 

job creation discussion below.

6.7.1 2030 Job Creation

Job growth statewide is driven by new jobs in service 

industries and these sectors happen to be sectors that 

disproportionately employ DAC workers. However, 

the benefits for this job creation will be experienced 

TABLE 14 Macroeconomic Impacts of PEV 
 Deployment in 2030

IMPACT SCENARIO
DAC_ 

SHARE
NONDAC_

SHARE

Jobs

LTES 36% 64%

Innovation 36% 64%

Equity 36% 64%

PEVs

LTES 11% 89%

Innovation 40% 60%

Equity 45% 55%

Avoided  
Health Costs

LTES 33% 67%

Innovation 34% 66%

Equity 34% 66%

Source: Authors’ analysis

Source: Authors’ analysis

TABLE 13 Aggregate Economic Impacts on Households by 
Community Type

SCENARIO DAC NONDAC TOTAL

Jobs (,000s)

LTES 140 254 394

Innovation 193 339 532

Equity 192 337 530

Household 
Income 
(2016 billions)

LTES 49 262 311

Innovation 55 296 351

Equity 57 300 357
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unevenly across the state and regions with employees 

in the noted sectors will benefit most. In Los Angeles, 

for example, 45 percent of the population lives in DAC 

communities and DAC workers are 55 percent more 

likely to be employed in service industries, so more than 

half of the 161,000 forecast jobs in Los Angeles County 

in the Innovation Scenario are forecast to be created in 

DACs. Similarly, DAC workers in the Central Valley are 

more likely than non-DAC workers in that region to be 

employed in transportation and construction sectors. 

However, DAC and non-DAC workers are about equally 

as likely to be employed in Service Sectors in this region. 

Consequently, more than 32,000 of the 59,000 jobs cre-

ated in the Central Valley in the Innovation Scenario by 

2030 are forecast to be created in DACs. 

6.7.2   2050 Job Creation

Like in 2030, the Innovation Scenario has the highest job 

growth. Compared to Baseline growth, the Innovation 

Scenario gives rise to 1.812 million additional jobs across 

the state, with more than 36 percent generated for DAC 

households, due in large part to expansion of service sec-

tor demand. Both Los Angeles County (192 jobs created 

per DAC) and the Central Valley (216 jobs created per 

DAC) enjoy substantial incremental employment benefits.

6.8  ELECTRIC VEHICLE ADOPTION

Relying on data from the DMV, electric vehicle rebate 

programs, and official sources on household income 

and demographic, the study authors estimated patterns 

of EV adoption. The approach is consistent with recent 

research in that it found the most important predictor of 

EV adoption is income.99 In order to model future adop-

tion, stable demographics are assumed and predicted 

changes in income from the BEAR model are used. This 

99 California Air Resources board (CARb), 2017b. “factors Affecting Plug-In electric vehicle Sales in California”, may 2017. Prepared by 
uClA.

100 Governor brown’s recent mandate has called for implementation of incentives to increase the penetration of evs in DAC areas. because 
the executive Order lacked details required to model these policies however if they are implemented then our estimates could be signifi-
cantly underestimating DAC ev adoption.

101 “exploring economic Impacts in long-Term California energy Scenarios.” California energy Commission. June 2018. 
Available at: https://ww2.energy.ca.gov/2018publications/CeC-500-2018-013/CeC-500-2018-013.pdf

approach found that for low-income households, in the 

absence of targeted programs,100 additional income 

generated by energy policies has a negligible impact on 

EV adoption. For relatively wealthy households, a small 

but positive increase in adoption was observed in the 

Innovation and Equity scenarios.

Additional income at lower levels (<~$75,000) results 

in little additional EV purchasing while additional in-

come at higher median levels has a positive impact on 

purchasing patterns. Dotted lines in Figure 23 repre-

sent 95 percent confidence intervals.

FIG 23 Modeling the Relationship between  
            Census Tract Income and the Number 
            of EVs Purchased
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Specifically, comparing the Equity and Baseline sce-

narios, the authors estimate that:

• By 2030, there will be: 

• 180,000 new DAC EVs (6 additional EVs per 100 

DAC households)

• 1.5 million new non-DAC EVs (14 additional EVs per 

100 non-DAC households)

• By 2050, there will be: 

• 810,000 new EVs in DACs

• 11 million new EVs in non-DACs

Estimates for DAC adoption patterns in 2030 are il-

lustrated in Figure 24 for the entire state. Adoption 

is greatest in the Equity scenario, but this is by policy 

assumption. However, more optimistic vehicle technical 

progress (Innovation) still yields substantial incremental 

adoption in lower-income communities. This means 

incentive costs will be lower for agencies trying to pro-

mote greater PEV use. 

FIG 24 Modeling the Relationship between Census Tract Income and the Number of EVs Purchased

500 >100

Additional PEVs per 100 Households

Source: Authors’ Analysis

N
U

M
B

ER
 O

F 
D

A
C

s

Additional PEVs per 100 Households

0

200

400

600

800

>1009080706050403020100

N
U

M
B

ER
 O

F 
D

A
C

s

Additional PEVs per 100 Households

0

200

400

600

800

1000

1200

1400

>1009080706050403020100

N
U

M
B

ER
 O

F 
D

A
C

s

Additional PEVs per 100 Households

0

200

400

600

>1009080706050403020100

LTES

Innovation

Equity



66DISADvANTAGeD COmmuNITy ANAlySIS    | NEXT 10

FIG 25 PEV Adoption in Los Angeles Country DACs, Innovation Scenario, 2030, Change from  
            Baseline Scenario

FIG 26 PEV Adoption in Los Angeles Country DACs, Equity Scenario, 2030, Change in Baseline Scenario
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FIG 27 PEV Adoption in the Central Valley DACs, Innovation, 2030, Change from Baseline Scenario

FIG 28 PEV Adoption in the Central Valley DACs, Equity, 2030, Change from Baseline Scenario
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More detailed results (Figure 25) show that Los An-

geles County achieves widespread voluntary adoption 

by 2030, yet this remains below the Equity objective 

(Figure 26).

Likewise, in the Central Valley, which together with 

Los Angeles comprises 75 percent of DAC communi-

ties, autonomous adoption with optimistic technology 

Innovation yields substantial growth of PEV use, but 

incentives will probably still be needed to achieve the 

Equity Scenario.

6.9   HEALTH BENEFITS

While this analysis is exploratory in nature, these esti-

mates are intended to provide insight on the potential 

order of magnitude of health benefits and it is quite clear 

that emissions mitigation policy will make highly valuable 

contributions to public health across California. Specifi-

cally, this analysis estimates for the Equity scenario that:

• In 2030 alone, the economic value health benefits 

from criteria pollution reductions in the energy and 

fuel sector will be $2.0 billion, of which:
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FIG 29 Estimated DAC Health Cost Savings, Equity Scenario, 2030, Change from Baseline Scenario

FIG 30 Estimated DAC Health Cost Savings, Innovation Scenario, 2030, Change from Baseline Scenario

FIG 31 Estimated DAC Health Cost Savings, LTES Scenario, 2030, Change from Baseline Scenario

Source: Authors’ analysis
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 » $800 million is due to averted mortality

 » $1.2 billion is due to averted medical 

(morbidity) costs

This study’s estimates represent health benefits associ-

ated with reductions in GHG emissions in the vehicle 

sector alone, but do not quantify many of the other 

expected benefits that are known to be substantial. 

However, assuming uniform statewide emission reduc-

tions, these absolute benefits are higher for households 

in disadvantaged communities. Moreover, this analysis 

likely underestimates the total benefits to DACs of these 

policies because the potential electrification of the 

transportation sector cannot be fully account for, which 

is likely to benefit DACs because of their proximity to 

transportation networks.102 

Estimates of health benefits are based on morbidity 

and mortality costs averted and include:

 » $581 averted per DAC household

 » $494 averted per non-DAC household

Because DAC households have lower incomes, these 

gains are even more dramatic in relative terms. However, 

more targeted policies could produce even greater gains.

By 2030, authors of this study’s forecasts indicate 

that health benefits across DACs in California could be 

substantial, even in more technology-pessimistic LTES 

scenario (Figure 31), but they would be even greater 

with higher rates of PEV innovation (Figure 30) and 

low-income household vehicle adoption (Figure 29).

While this study examines the health benefits associ-

ated with reducing GHG emissions in California’s en-

ergy sector, other potential co-benefits not estimated 

here include:

 » Productivity benefits from lower criteria pollutant 

concentrations (e.g. work and school attendance, 

102 Chapter 10: Climate Adaptation and Resiliency, Section 6: “Increasing Climate Resilience in Disadvantaged Communities” includes a 
detailed description of how DAC exposure to poor air quality correlates with proximity to transportation networks. 
Available at: http://www.energy.ca.gov/2017_energypolicy/

103 Carleton, T. and S. Hsiang 2016. “Social and economic Impacts of Climate”. Science (2016) doi:10.1126.

104 Chapter 10: Climate Adaptation and Resiliency, Section 6: “Increasing Climate Resilience in Disadvantaged Communities” includes a 
detailed description of how DAC exposure to poor air quality correlates with proximity to transportation networks. 
Available at: http://www.energy.ca.gov/2017_energypolicy/

performance, etc.)

 » Local environmental, health, and safety benefits 

from electrification of the vehicle fleet

 » Local environmental and health benefits from 

rooftop solar

 » Benefits from avoided local temperature increases 

due to lower GHG emissions. Higher tempera-

tures have been found to impact many outcomes 

including, but not limited to, agriculture, income, 

education, and crime103 

These (and other) benefits would be additional to those 

estimated in this study.

It should also be noted that estimates of public health 

benefits included in this study are not directly linked to our 

EV analysis, but are instead inferred from following Cali-

fornia’s aggregate trajectory for GHG reductions. In other 

words, the economics of PEV deployment are modeled, 

but do not explicitly capture spatial detail on vehicle emis-

sion reductions. Places like Los Angeles, where a significant 

portion of emissions come from LDVs, are more likely to 

benefit from new EV purchases than places like the Central 

Valley where HDVs are a larger contributor to emissions. 

For more information on transportation networks and DAC 

exposure to pollution see CEC’s 2017 IEPR.104

While most of the avoided deaths are a result of reduc-

tions in PM2.5, the avoided deaths in San Bernardino 

DACs will also result from lower Ozone exposures. The 

census tracts in the dark green (15-20 lives saved per 

100,000 households) are in the 93rd percentile of Ozone 

exposure statewide and the meteorological model from 

Zhang et al predicts a substantial reduction in Ozone 

exposure around San Bernardino.
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6.10   CONCLUSIONS

Our DAC analysis used a combination of downscaled 

results from the BEAR macroeconomic model of the 

California economy and downscaled state-of-the-art 

health benefits estimates for reductions in criteria 

pollutants results from GHG emissions reductions. To 

summarize, the study found the following:

6.10.1   Job Creation 

New job creation is largely in sectors and occupa-

tions that disproportionately employ people from DAC 

households, including construction, transportation and 

services. This group (25% of state population) captures 

36 percent of annual new jobs by 2030 and the same 

share by 2050.

Construction and transportation jobs are related to 

direct job growth (i.e., jobs generated through new 

investments) while service jobs are more related to 

indirect job growth (coming through savings-induced 

spending).

6.10.2   Pollution and Health in DACS: 

DAC households are currently burdened by high levels 

of criteria pollutant exposure (25% higher PM2.5 levels 

on average) and suffer from higher-than-average rates of 

associated diseases (55% higher asthma rates).

DACs therefore benefit disproportionately from im-

provements in air quality that can reduce the mortality 

and morbidity costs they bear (30% of avoided deaths 

and costs in DACs, 25% of state population). 

However, these benefits among DACs are unevenly 

distributed across the state with DACs in Los Angeles ben-

efitting more than DACs in the Central Valley, for example, 

because the sources of pollution in the Central Valley are 

less likely to be impacted by the policies considered here.

Transitions to a cleaner energy sector and vehicle 

fleet are more likely to improve air quality (and thus 

benefit DACs) in areas like Los Angeles than in areas in 

the Central Valley. This is because much of the hazard-

ous exposure that DAC households in the Central Val-

ley face arises from diesel emissions from farm equip-

ment, agrochemical exposure, and other hazards that 

are less directly related to energy policies or vehicle 

emissions. That being said, reducing GHG and allied 

emissions in other parts of the state is still likely to 

contribute to better air quality in the Central Valley.
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Section Seven 

Conclusion
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Conclusion
This study examines the economic impacts of large-scale electrification 

of the California light-vehicle sector, including long-term projections that 

would contribute to reductions of global warming pollution by 40 percent 

and 80 percent below 1990 levels, in 2030 and 2050, respectively. Sce-

narios incorporate the most up-to-date technical information on emerging 

vehicle technologies, as well as a variety of pathways for adoption among 

economically disadvantaged groups.

The results indicate that, while consistent with long-term 

climate goals, policies that encourage large-scale PEV 

deployment can also be a potent catalyst for medium and 

long-term economic growth, benefitting millions of Cali-

fornians over the next decade and beyond. In all of the 

scenarios evaluated, large-scale carbon fuel savings trans-

late into billions of dollars of new in-state consumption, 

income, and tax revenue, creating thousands of new jobs 

across the state economy. Because growth is concentrat-

ed in service sectors, lower-income workers see relatively 

greater opportunity for employment and livelihood im-

provement. The study also includes an assessment of the 

economic impacts of another important co-benefit—bet-

ter public health via air quality improvements—and finds 

these benefits operate in exactly the same direction. Up 

to one-third of the total economic gains from decarbon-

izing the transportation sector and electric power supply 

come from increased public health benefits.

For example, electrification that reduces light-duty 

vehicle emissions by 40 percent below 1990 levels 

would increase GSP in 2030 by $82 to $142 billion, real 

income by $311 to $357 billion, and California state 

revenue by $4 to $7 billion, depending on scenario. 

Perhaps the most arresting feature of these numbers 

is how they dwarf the amounts accruing to California’s 

cap-and-trade program, as well as the budgets thus far 

committed to clean vehicle incentive programs. If more 

vehicle electrification can deliver even a fraction of the 

estimated revenue for any of the alternative scenarios 

considered, it could be very lucrative for the state. 

These economic stimulus effects point to another im-

portant policy issue for California—reliance on incentives 

over standards. Currently, there are persistent uncertain-

ties regarding the state’s authority to regulate vehicles 

and other energy use technologies. Fiscal authority is 

much more secure, and results suggest California could 

pursue economic incentives much more aggressively, 

reaping GHG emissions reductions and the above 

co-benefits on its own terms. The scope for incentive 

design and targeting can also be significantly expanded, 

including purchaser prices, financing, vehicle sharing, 

dealer and manufacturer incentives, charging infrastruc-

ture and component technology subsidies. 

With regard to jobs, the study estimates an increase of 

at least 394,000 new jobs in 2030 with higher cost PEVs, 

and over half a million new jobs with the more recent, 

lower vehicle purchase and operating cost projections. 

Incorporating more recent vehicle cost data from ICCT’s 

sources significantly improves the aggregate economic 

stimulus, and more inclusive vehicle adoption yields es-

sentially the same overall benefit. Once again, it should 

be emphasized that the threefold stimulus from acceler-

ated PEV deployment creates growth and jobs broadly 

across the economy, with many Californians benefitting 

whether they by a PEV or not. 

Extending the analysis to 2050 (and an 80% emis-

sions reduction) significantly amplifies the growth divi-

dends associated with more energy-efficient mobility. 

Like interest, energy and other use savings from more 

efficient technologies compound over time, where 
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the multiplier in this case is coming from expenditure 

diverted from (largely imported) energy fuels to in-

state goods and (predominately) services. The result is 

that extending the scenario horizon threefold (from 10 

to 30 years in the future) increases economic benefits 

(real GSP) by a multiple of seven to eight. Even in the 

relatively conservative LTES scenario, vehicle electri-

fication increases California GSP about 5 percent by 

2050, assuming the state meets its adoption goals 

under a relatively high-cost scenario. Incorporating 

the more recent vehicle cost estimates, the gains are 

almost twice as large. 

Less obvious is the finding that accelerating PEV 

adoption by low-income groups has positive spillover 

effects for higher-income groups. Most arresting is 

the Equity scenario, which allocates a fixed number of 

vehicles preferentially to lower-income groups, deliv-

ering substantial economic benefits to them without 

significant offsetting declines among higher-income 

groups. This results from two drivers—differences 

in income sources and shared technology benefits. 

Firstly, lower-income households are more dependent 

on net earned income and spend a higher share of 

their income on essentials like energy and mobility 

services. Higher-income groups have more diverse 

income sources, including non-labor asset income 

(property and securities) and entitlements (dividends 

and pension income), and potential energy savings are 

a smaller share of this income. In the Equity scenario, 

lower-income groups benefit substantially from direct 

employment and greater fuel savings, while higher-

income groups continue to benefit from aggregate 

economic growth. Also, multiplier effects are larger 

from low-income stimulus because these groups have 

lower saving rates. 

Secondly, this evidence helps to dispel the notion 

that technology access is a zero-sum game. Even if the 

supply of fuel-efficient vehicles were limited, allocat-

ing some preferentially to lower-income groups can 

benefit the economy more than allocating them all to 

higher-income groups. This is because, on average, 

these groups are currently driving less fuel-efficient 

vehicles, and they are experiencing higher levels of 

(absolute and relative) health costs from local criteria 

pollution. Savings in both these categories would be 

greater for them, conferring greater multiplier benefits 

on the overall economy.

Third, and extending the previous reasoning, the 

entire state benefits from an expanding technology 

sector. Every time California establishes standards or 

incentives for adoption of new technology, it cre-

ates an incubator the size of the world’s fifth-largest 

economy. Firms know that establishing marketable 

innovations here can prepare them for global export 

competitiveness. This is a central tenet of California’s 

knowledge-intensive growth model—induced growth 

from technology innovation benefits the overall econo-

my, rewarding even those people who neither develop 

nor adopt the new technology. For more widely-known 

new mobility solutions (such as autonomous naviga-

tion), California has already captured leadership. If 

PEV numbers continue to increase faster in this state 

than elsewhere, it can become a magnet for the next 

generation of vehicle R&D.


