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Key Takeaways

The Golden State is a major energy producer and consumer; it is also a leader in the shift toward renewable
energy sources. Federal policy and other factors make the trajectory of this shift uncertain, but the skilled
workforce in the energy sector is already undergoing changes—with some jobs growing and others
shrinking. This report outlines key features of the current energy workforce and explores how shifting
energy demands may create and narrow worker opportunities. We find:

» Energy workers comprise 5.9 percent of California’s workforce; about a million jobs directly support energy
creation, storage, distribution, and consumption. Fossil fuel is a key but relatively small component of the
energy workforce: 94,000 jobs or about 10 percent of all energy jobs.

» While the energy sector is distributed throughout the state, fossil fuel work is concentrated in southern
inland California (Kern County and the Inland Empire) and the eastern part of the Bay Area (Contra Costa
County).

» California’s energy workforce differs significantly from its overall workforce: jobs are predominantly held by
men; fewer workers have college degrees; and on-the-job training is more common. In general, energy
sector workers face more workplace hazards and exposure to harsher environmental conditions, assume
high levels of responsibility for others, and have strong technical skills. Correspondingly, the median hourly
wage for energy workers is higher than that of all workers.

» Occupations that drive new energy sources and technology will require more highly educated workers than
today’s energy workforce, but a large percentage of new jobs needed to develop and deploy future
renewable energy projects will still require at most a high school diploma. Overall, occupations projected to
grow skew toward higher wages than the energy sector overall, driven largely by those requiring a college
degree.

» Jobs that are most likely to be affected if the fossil fuels sector continues to shrink are more highly
compensated than similar jobs in today’s economy that require comparable skills and education levels.
While this segment of California’s energy workforce is smaller than the portion expected to grow as the
energy transition proceeds, it comprises a large percentage of the fossil fuels workforce in some regions,
such as the Bakersfield metro area.

» Many of the occupations that fossil fuel workers could theoretically qualify for (perhaps with additional
training) are in other parts of the energy sector (about 39%). Most of these jobs offer lower wages, though.
And in smaller regions, again especially in Bakersfield metro, the availability of these related jobs is much
more limited than in larger places.

Rigorous studies of previous industrial transitions suggest that while near-term gains in employment,
earnings, and job growth may be small, targeted assistance to affected workers and communities can yield
long-term payoffs and avoid dislocation and decline. The occupational shifts due to changes in the energy
sources California relies on require investments across the state’s education spectrum, as well as broader
connections among educational institutions, employers, unions, and other stakeholders.

Introduction

Energy powers efficient access to essential goods and services and facilitates improvements in modern
daily life; it powers industry and contributes to a competitive business environment and economic growth
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(IEA 2025). At the same time, the energy sector has environmental and climate change implications and
consequences for air, water, and soil quality1 For this reason, ensuring access to energy that is not just
affordable and reliable but also environmentally sustainable are important state goals, with 60% of
Californians in support of renewable energy goals but a similar share concerned about affordability of
renewable energy sources (Baldassare et al 2025). Shifts in energy supply and demand will have long-term
effects on the workforce that supports California’s energy sector—both creating opportunities and
narrowing them.

California is a major player in the energy sector, both as a producer and a consumer. In 2024, it was the
eighth-largest producer of crude oil among the 50 states and ranked third in crude oil refining capacity.
Most of the energy produced and consumed in California is oil and natural gas (50% of total energy
produced and 80% of energy consumed, as of 2023). The production and consumption of fossil fuels have
declined, as a share, over the past few decades as the production and distribution of renewable energy has
increased.? Recent closures of major refineries in Martinez and Rodeo are part of a long-term trend away

. . . .3
from fossil fuel in California.

California is now second across states in renewable energy production (including solar, wind, biomass,
geothermal, and hydro; EIA 2025). The share of renewable production has more than doubled since 2010
and now makes up the second-largest segment of energy production within California (39% vs. 41% for oil).
Notably, while California is the largest state based on population and economic output and the second-
largest total energy consumer, its per capita energy consumption is the third lowest in the nation, thanks in
part to its energy efficiency efforts (EIA 2025).

The state has enacted major policies and programs to reduce emissions and move toward carbon neutrality
and is investing billions of dollars in a range of projects, including clean energy generation, zero-emission
vehicles, and battery storage technology.4 In the past, federal policy has supported these investments, most
recently via major legislation in 2021 and 2022.° However, the current administration has frozen funds
appropriated by Congress to clean energy projects, slowed permitting for offshore wind projects, issued
executive orders that aim to boost the extraction and use of fossil fuels, and curtailed incentives for

households and businesses in the solar, wind, and electric vehicle arenas.’ Also, the federal government
has sought to limit the ability of states to implement their own climate policies; the US Senate passed

1. See, for example, Hohbein and Aczel, Key Challenges for California’s Energy Future; and IPCC, Climate Change 2023: Synthesis
Report.

2. See Technical Appendix Figures B1-B4 for more details on energy production and consumption. Note that California also
consumes energy imported to the state.

3. Both facilities were converted/refitted to produce renewable diesel. The state currently has 13 oil refineries. Of those, Phillips 66
recently announced plans to cease operations in its Wilmington refinery in Los Angeles by the end of 2025, and the Valero Benicia
Refinery in Contra Costa County could also close in 2026.

4. See the Building CA website for information on current infrastructure projects related to energy.

5. For example, the Infrastructure Investment and Jobs Act (IIJA) and the Inflation Reduction Act (IRA).

6. H.R. 1, the “One Big Beautiful Bill” passed in July 2025 phases out or changes most tax credits for renewable energy-related
projects, among other funding changes. Additional policy changes in 2025 include Unleashing American Energy, Declaring a
National Energy Emergency, Fact Sheet: President Donald J. Trump Establishes the National Energy Dominance Council,
Reinvigorating America’s Beautiful Clean Coal Industry and Amending Executive Order 14241, Protecting American Energy from
State Overreach, and Temporary Withdrawal of All Areas on the Outer Continental Shelf from Offshore Wind Leasing and Review of
the Federal Government’s Leasing and Permitting Practices for Wind Projects. The Department of Energy announced it was
cancelling $855 million in funding for three projects in California focused on carbon capture and sequestration and decarbonization.
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Congressional Review Act resolutions that block California’s landmark mandate to phase out gas-powered
cars. These actions may affect the pace of change toward renewable energy in California, especially in a
period of state budget constraints. However, investments already made in renewable energy capacity
suggest that source of energy will continue to be important and costs of further development—both in fossil

fuel and renewable energy—could drive the sector regardless of federal support.7

While conflicting state and federal policy goals and investments raise questions about the pace of change in
the energy sector, some realities in California energy are clear: reliable, affordable energy is essential for
households and the economy, traditional fossil fuel still predominates, and renewable energy is key to
meeting growing demand.

As a result, the state’s energy workforce is in the midst of a long-term transition. To better understand
current and future energy workforce needs, we focus on the skills needed in the sector; these are key to
upward mobility for workers as well as energy sector innovation and productivity. We begin with an analysis
of the current energy workforce, seeking to shed light on its demographics as well as levels of education,
experience, skills, and wages in this important sector. We then identify types of work that are likely to grow
or shrink if the energy transition continues to unfold, to understand which workers will be most affected and
what opportunities there might be in recruiting new workers and transitioning existing workers. We also look
into the regional distribution of energy jobs, paying special attention to the fossil fuels subsector. With these
facts in hand, and an assessment of relevant research literature, we aim to identify key areas of focus for
policymakers and stakeholders.

Key Features of the Energy Sector Workforce

California’s energy workforce supports a broad range of activities related to energy creation, storage,
distribution, and use. These activities include energy generation and distribution, the manufacturing of
goods for energy efficiency improvements as well as services to construct or install them, managing
environmental needs related to energy use (e.g., waste management), and the scientific and technical
design and implementation of energy systems. Businesses as distinct as large energy corporations like
Chevron, PG&E, and other small, independently-owned electrical contractors contribute to these efforts and,
as we will show, require a wide range of skilled worker inputs.

We estimate that as of 2023, there were just over a million jobs in California’s energy sector (1,065,000, or
5.9% of all jobs in the state).8 The energy workforce is similar in size to California’s care workforce (970,000
jobs; McConville et al. 2024) and to the federal, state, and local government workforce, excluding teachers
(1.1 million jobs). This is our best estimate of the number of workers directly supporting California’s energy
needs; note that there are additional jobs that support the sector indirectly, such as manufacturing of
products used by the energy sector, and jobs generated in communities where major energy sector

7. See, for example, “A Salmon Extinction Plan’: How Trump’s Executive Orders on Climate Could Impact California,” San Francisco
Chronicle, January 22, 2025. Increasing capacity of solar plants is expected to support most of electric generation growth, as of a
January 2025 analysis by the US Energy Information Administration. See Raimi (2021) for scenarios of future energy demand by fuel
type. Electricity demand could increase by 76 percent by 2045, relative to demand in 2022 (CARB 2022) though the pace and
trajectory of change is highly uncertain.

8. Job estimates presented in this report do not include self-employed workers.
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activities take place such as retail and service sector businesses.’ While these indirect and induced jobs are
not included in this analysis, they are relevant to broader questions about California’s energy transition.

To delve further into the fossil fuels workforce, which faces unique challenges in California, we separate out
the industries and occupations relevant to that subsector from the overall energy workforce. This shows that
it is a critical but a relatively small component of the energy workforce; we estimate about 94,000 jobs in
the fossil fuels subsector in 2023 (0.5% of total jobs in the state).

9. In oil and gas extraction, national estimates suggest that for every 100 direct jobs, there are 537 indirect and induced jobs (Bivens
2019). For electric power generation and natural gas distribution, the multiplier is 564 and 639 additional jobs, respectively.
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Defining the energy sector

To define the energy sector workforce, we drew on recent research that has explored related questions at the
federal, state, and regional level. These sources usually select a set of industries and/or occupations closely
related to energy activities in order to measure and describe the sector. Our sources include the Department
of Energy’s US Energy and Employment Report (2024) series; reports from the Brookings Institution (Tomer,
Kane, and George 2021; Muro et al. 2019), Resources for the Future (Greenspon and Raimi 2024 and 2025),
the University of California, Berkeley Labor Center (Zabin 2020); and other policy and academic papers (e.g.,
Vona et al. 2018; Pollin et al. 2021; Hanson 2023; Popp et al. 2024; San Diego Workforce Partnership 2014).
We also consulted directly with researchers, policy experts, and labor organizations in the energy sector about
the methodological challenges of applying similar approaches to California.

Based on this analysis, we identified the following subsectors to comprise energy activities in California:

» Energy efficiency services, manufacturing, and construction
» Environmental management, conservation, and regulation
» Fossil fuels generation and distribution

» Renewable energy generation and distribution

» Scientific and technical services

We then identified all occupations that are relatively unique to these subsectors—that is, we excluded
occupations that are common across all sectors of the economy, such as accounting and office administration
(following the methodology in Muro et al. 2019). Our analysis relies on official labor market data sources that
include California-level information (as well as some regional information within California); these sources
include the Bureau of Labor Statistics Occupational Employment and Wage Statistics (OEWS) and Quarterly
Census of Employment and Wages (QCEW), the US Census American Community Survey (ACS), and the US
Department of Labor Occupational Information Network (O*NET).

We classify a given job as either in energy or not; however, some jobs may involve a mix of energy-relevant

work besides other work, especially those in construction. Researchers with different aims than ours employ
job-years to better measure the scale of effort in the energy sector (Jones, Philips, and Zabin 2015), but that
approach limits the ability to describe worker characteristics.

Our estimates broadly track with other estimates based on a variety of approaches. For example, the most
recent Department of Energy employment report, which uses a survey of employers to capture energy-related
work at a fine-grained level, estimates that California had 932,000 energy jobs in 2024—of which 70,000
were fossil fuel jobs (DOE 2024). Similarly, the 2020 California Energy Commission’s Energy and Employment
Report estimated 956,000 energy jobs, including 77,000 in the fossil fuels subsector (California Energy
Commission 2020). Estimates of the fossil fuels subsector alone range from 57,000 in 2019 (CEC 2020), to
82,000 in natural gas distribution, extraction, refining, and support activities (Pollin et al. 2021), to 45,900
workers in oil and gas industries (GEPI 2023).

For more on our data sources and methodological approach, see Technical Appendix A.

The Energy Workforce Is Predominantly Male and Latino

Men make up 85 percent of today’s energy sector workforce (Figure 1) and 92 percent of the fossil fuel
workforce, compared to 54 percent of the workforce overall. This is not surprising given the predominance
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of construction work in energy—as we will see in the next section. But even outside construction jobs in the
sector, men make up 70 percent of the energy workforce (see Technical Appendix Table A6).

Almost a third of workers in the energy sector are age 50 or older; so is the California workforce overall.
Energy workers are less likely to be between 18 and 39 (44% vs. 48%). Given the aging of the workforce, the
energy sector is one of many facing the challenge of attracting workers from the shrinking pool of younger
adults (Lafortune et al. 2024).

In terms of race/ethnicity, Latinos make up 46 percent of energy workers, compared to 37 percent of the
workforce overall (outside of construction jobs, the Latino share drops to 24%). White Californians are the
next largest group, comprising 38 percent of the energy workforce. Asian and Black workers are the
smallest racial/ethnic group in this sector and are less likely employed in energy than other sectors.

Figure 1
Energy workers are predominantly male and Latino
% of workers

All workers M All energy MW Fossil fuels
100

80
60
40

20

Male Over 50 Latino Foreign-born

SOURCES: PPIC calculations based on IPUMS-ACS for California, 2018-2023.
NOTES: Not all industries in the energy sector can be identified specifically in the ACS, see Technical Appendix A for more
information.

Most energy workers are US born or naturalized citizens (62%), but the sector is more reliant on immigrant
workers than the economy overall (38% vs. 33%). The US citizen share of the energy workforce is larger in
non-construction jobs (68% for energy overall and 74% for the fossil fuels subsector).

Energy Sector Jobs Are Especially Prevalent in a Few Parts of the State

Some energy sector activities are tied to geographic areas where there are energy resources, including
refineries that convert oil into petroleum products or locations areas where wind or solar energy can be
harnessed. Other energy sector activities, especially general operations and management, construction,
and energy efficiency services, are located across most of the state, especially in densely populated areas.
Because these subsectors are labor-intensive, the energy workforce comprises a sizeable share of the
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workforce in many major metro areas. Unfortunately, the best available data covers only metro areas, so our
regional analysis omits some rural parts of the state.

Energy jobs are most prevalent in the San Jose-Sunnyvale-Santa Clara metropolitan area (8.1% of total jobs),
followed by San Diego-Carlsbad (6.9%) and San Francisco-Oakland-Hayward (6.6%) (Figure 2). Energy jobs
comprise a larger share of employment in these areas relative to the share of energy jobs statewide (5.9%).
The highest number of energy jobs, not surprisingly, are in the most populous metro areas: Close to half of
the state’s energy jobs are in Los Angeles-Long Beach-Anaheim (228,000), San Francisco-Oakland-
Hayward (158,00), and San Diego-Carlsbad (102,000). (See Technical Appendix Table A7)

The fossil fuel workforce is most concentrated in the Bakersfield, Vallejo-Fairfield, and Riverside-San
Bernardino-Ontario metro areas; these jobs make up 2 percent, 0.9 percent, and 0.7 percent, respectively,
of the jobs in each area, compared to only .5 percent of jobs statewide (Figure 2). The number of fossil fuel
jobs is highest in Los Angeles-Long Beach-Anaheim (24,000), Riverside-San Bernardino-Ontario (11,000),
San Francisco-Oakland-Hayward (6,200), and Bakersfield (6,100) (See Technical Appendix Table A8).10

10. Prior research using different data sources finds similar geographic distribution (Pollin et al. 2021; GEPI 2023; Ried| and Saha
2024; California Energy Commission 2025; Raimi, Carley, and Konisky 2022). For example, Pollin et al. estimate that 50 percent of
the fossil fuel jobs in the state are in Contra Costa, Kern, and Los Angeles Counties; while GEPI’s report mentions six counties
concentrate two-thirds of oil and gas employment in California: Contra Costa, Kern, Los Angeles, Orange, Riverside, and San
Bernardino.
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Figure 2

Energy employment by metropolitan area
% of total employment

AREEEN GEIEE

- .
0.4 814

SOURCE: PPIC calculations based on Occupational Employment and Wage Statistics, 2023.
NOTES: Metropolitan areas shown in map. We estimate that we capture close to 84% of the energy workforce in the state at
this level of regional disaggregation. See Technical Appendix A for details.

10/46



Fossil fuels employment by metropolitan area
% of total employment

All energy | Fossil fuels

-
0.02 1.95

SOURCE: PPIC calculations based on Occupational Employment and Wage Statistics, 2023.
NOTES: Metropolitan areas shown. We estimate that we capture close to 70% of the energy workforce in the state at this
level of regional disaggregation. See Technical Appendix A for details.

The workforce needs, opportunities, and challenges in California’s energy sector are thus both a statewide
and a regional issue. In certain locations, energy sector jobs are more prevalent and/or offer greater
opportunities to workers because of the characteristics of those jobs, which we explore next.
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Construction Workers Make Up a Large Share of the Energy Workforce

Most energy sector work is in construction (52%, Figure 3), followed by professional, scientific, and technical
services (30%), and manufacturing (11%). Utilities and extraction sectors are key to the generation and
distribution of energy but comprise a relatively small percentage of the energy workforce (6%, combined).
The dominance of construction businesses in the sector is related to the work needed to build and upgrade
facilities, transmission lines, and distribution systems, among other energy infrastructure needs (Department
of Energy 2024).11

Overall, we identify 188 unique energy sector occupations. Close to 30 percent of the energy workforce is
in occupations related to construction; 27 percent is in occupations associated with management, business
and financial operations, and administrative support; and 14 percent is in architecture and engineering
(Figure 3).12

11. Note that our parameters and the data available do not allow for the identification of workers who may be working part of the
time in other sectors and not just on energy-related projects. The most recent Department of Energy report (2024), which includes
employer surveys, estimates that construction makes up around 29 percent of energy jobs in California, followed by professional
services (18%), manufacturing (15%), repair and maintenance (14%), trade (12%), and utilities (8%).

12. Technical Appendix Table A3 details the most concentrated occupations in the energy sector overall as well as the fossil fuels
subsector.
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Figure 3

The construction industry dominates the energy sector
% of energy jobs

By industry M By occupational group

Extraction, waste
management,
transportation (4.1)

Manufacturing (11.1) j

Utilities (2.4)

Construction (52.1)

Professional,
scientific, and
technical services
(30.3)

SOURCE: PPIC calculations based on Occupation Employment and Wage Statistics for California, 2023.
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Construction occupations also dominate the energy workforce
% of energy jobs

By industry N By occupational group

Installation/mainten

Production (6.4) ance/repair (6)

Construction (28.6)

Architecture/engine
ering (14.1)

Others (17.6) J

Management/busine
ss/administrative
(27.3)

SOURCE: PPIC calculations based on Occupation Employment and Wage Statistics for California, 2023.

NOTES: Others include administrative support (7.3%); life, physical, and social science (5.1%); computer and mathematical
(4.9%), Sales and Related Occupations (1.5%); transportation and warehouse (1.1%); extraction workers (0.5%); and arts,
design, entertainment, sports, and media occupations (0.2%). Supervisors of construction and extraction workers (4.3%) are
also included in “Others” as it ’is not possible to separate them between construction and extraction workers. If combined,
construction and extraction workers would add up to comprise 33% of the energy workforce.

Some energy sector work is very common across other sectors, while other work is highly specialized. For
instance, construction supervisors or carpenters do work for a range of sectors across the construction or
manufacturing industries. But petroleum system operators, solar installers, and pipelayers almost always

work in the energy sector; their specialized skills are important to the functioning of the energy sector and

may determine how easily these workers can advance or transition to a new job.

Higher-than-Typical Wages Prevail in the Energy Sector

In 2023, the median hourly wage for energy workers was $45 per hour, well above the state median for all
occupations ($26/hour). Wages in the fossil fuel subsector are $43 per hour. Even the lower range of energy
sector wages (the 25th percentile) is above the median wage in the workforce overall; this indicates that
even lower-paid or entry-level positions in energy sector businesses tend to offer financial return to workers

(Figure 4).
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Figure 4

Wages for the energy workforce are higher than wages for all workers
$ per hour

@ 25th percentile Median wage @ 75th percentile

All workers ® ®
All energy ® ®
Fossil fuels ® ®

15 20 25 30 35 40 45 50 55

SOURCE: PPIC calculations based on Occupation Employment and Wage Statistics for California, 2023.
NOTES: Hourly wages are weighted by employment in the occupation and industry.

Out of the 188 energy occupations we identify, about 80 percent earn hourly wages above the statewide
median. The highest-paid occupations tend to be professional and managerial, including computer and
information systems managers ($104/hour), natural science managers ($101/hour), and architectural and
engineering managers ($97/hour).

In the fossil fuels subsector, a similar share of occupations (82%) earn more than the statewide median, and
some make substantially more: 36 percent of fossil fuel occupations earn more than double the statewide
median (see Technical Appendix Figures A3 and A4 for the wage distribution by sector). As in the energy
sector overall, wages in the fossil fuel subsector are highest for engineering and managerial workers—for
example, architectural and engineering managers ($93/hour), database architects ($85/hour), and health
and safety engineers ($80/hour).

Energy sector workers are more likely to be working full time than the average state worker (74% vs. 66%).
Full-time work is similarly common in the fossil fuel subsector (Figure 5). On the other hand, the share of
energy workers reporting access to health insurance provided by their employers is lower than the state
average (61% vs. 64%). Lower coverage rates in construction work drive this finding to some extent; outside
of construction work in the energy sector, the share working full time is 83 percent and the share with
access to employer-based health insurance is 82 percent (86% and 84% for workers in the fossil fuel
subsector, respectively; see Technical Appendix Table A6).

While union membership is not measured in the data used for this analysis, it factors into the availability of
full-time schedules and benefits. Pollin et al. (2021) and GEPI (2023) find that relatively high shares of fossil
fuel workers in California are union members—20 to 23 percent, compared to 15 percent of wage and salary
workers (Bureau of Labor Statistics 2024) or to 13 percent of construction workers (Hirsch, Macpherson, and
Even 2025). We explore other job characteristics—including required levels of experience and
environmental risk factors—in a later section.
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Figure 5
The energy workforce is more likely to be employed full time
% of workers

All workers M All energy MW Fossil fuels
100

80
60
40

20

Full-time Health insurance from employer

SOURCE: PPIC calculations based on IPUMS-ACS for California, 2018-2023.
NOTE: Full-time employment = at least 35 hours of work per week for at least 50 weeks per year.

Energy Jobs Require Less Formal Education but More Experience, Training, and Skills

Almost half of the energy sector workforce has a high school education or less: 47 percent overall and 57
percent in the fossil fuels subsector have at most a high school diploma (Figure 6). That is notably different
than the workforce overall, where only one third have no formal education beyond high school.

However, educational requirements vary substantially across types of occupations. Bachelor’s degrees in
programs associated with architecture and engineering as well as business and management make up the
largest share of educational credentials in those energy sector occupations. By contrast, credentials for
construction, production, and installation occupations tend to be shorter-term vocational certificates,
associate degrees, or apprenticeships.

16/46



Figure 6

Close to half of the energy sector workforce has a high school diploma
or less
% of workers

By educational attainment W By educational credentials

[l High school or less JJJSome college [ Associate's [Jj Bachelor's [ Advanced

All workers  |EB) 22 8 PAia
Allenergy [ 20 6 10
Fossil fuels | 22 6

SOURCE: PPIC calculations based on IPUMS-ACS for California, 2018—2023.

Energy sector occupations require a wide range of educational
credentials

% of workers

By educational attainment Jl By educational credentials

[l Short Certificate [ Long Certificate Associate [JJjBachelor's degree or more Apprenticeship

s xR
Construction 11 29 4 56
Management/Business E 26

SOURCE: Integrated Postsecondary Education Statistics (IPEDS), 2023; California Department of Industrial Relations,
Apprenticeship Dashboard, accessed in May 2025.

NOTES: Credentials are summarized by occupational grouping (2-digit SOC code). Includes 112 of 188 energy occupations
matched to Classification of Instructional Program (CIP) codes. Education programs (CIP codes) are only matched to a single
occupation (SOC code) so as not to double-count awards. Short-term certificates require fewer than 30 units and typically
require less than 1 year of full-time coursework; long-term certificates require between 30 and 60 units and are typically
earned in less than 2 years. Apprenticeship counts are based on 11 large energy occupations: Carpentry, Cement Mason,
Drywall Lather/Finish, Electrical, Engineer, Iron/Steel workers, Laborers, Lineman, Plumbing, HVAC, Sheet metal.

Apprenticeship programs in construction trades are particularly salient to training for the energy workforce;
about half of training and education programs for energy jobs in construction occupations are completed
through registered apprenticeships with local union trust funds. Several of the largest occupations in the
energy sector are in construction trades, which tend to have craft-based unions that train electricians,
carpenters, plumbers, and the like. Other jobs, particularly in the fossil fuel subsector, are covered by
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industry-based unions such as the United Steelworkers, which represents all workers in oil refineries
(@among other industries).

On the whole, occupations in the energy sector require less formal education upon entry but more work-
related experience and training requirements relative to non-energy occupations (Figure 7).13 One to two
years of related work experience is commonly required, compared to 6 months to a year for the workforce
overall." Energy workers also require more on-the-job training than the typical California worker and/or
more on-site or plant-specific training (up to 1year). These requirements could factor into higher wage levels
for energy jobs, especially those with lower formal education requirements.

Figure 7
Energy jobs require less formal education but more experience and on-the-job training

than jobs in other sectors
Median score

Allworkers  MAll energy  HFossil fuels
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50
40
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Required level of Related work On-the-job training Onsite training
education experience

SOURCE: O*NET 29.2 Database.

NOTES: Required level of education is measured on a scale from 1 (less than a high school diploma) to 12 (post-doctoral training).
Related work experience is measured on a scale from 1 (none) to 11 (over 10 years). On-the-Job training and on-site/in-plant training
are measured on a scale from 1 (none) to 9 (over 10 years). All scores are standardized to a 0—100 scale; for example, a score of 50
is equivalent to a bachelor’s degree for education, 1to 2 years for related work experience, and 6 months to 1 year for on-the-job
and on-site training.

13. O*NET education requirements refer to the typical level of education needed to enter an occupation; the actual education level
of workers in these occupations may differ. There is a relatively broad range of education entry requirements across different
occupations in the energy sector; about a quarter of jobs require at least an associate degree and some require a bachelor’s degree
(see Table 2). Occupations in the fossil fuel sector have slightly lower formal education requirements—typically only a high school
degree is required, and no occupations require more than a post-secondary certificate.

14. It’'s important to keep in mind that scores are being aggregated across a number of different occupations and so there are some
jobs within any given sector/category that require more or less than the median, which is what we are focused on. For more details
on the full range of scores for education and training requirements along with the other categories in this section, see Technical
Appendix Table A15.
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Measuring detailed job characteristics

Our analysis of job characteristics relies solely on occupational information. For instance, we examine the

characteristics of occupations that are prevalent in the energy sector, but they may also be common in other
sectors. To dig deeper into the characteristics of energy sector work, we rely on the O*NET database, which
includes detailed descriptions of skills, knowledge, work activities, work context, education, experience, and

training for more than 800 occupations.15 O*NET resources are routinely updated and regularly vetted by
industry experts.

For this report, we focus on a few key parts of the O*NET database:

» Education and training: Includes 4 elements that capture required levels of education, related work
experience, and on-the-job training.

» Skills: Includes 34 elements that capture core (e.g., active listening, reading comprehension) and cross-
functional (e.g., social perceptiveness and problem solving) capabilities that are acquired through work
experience and practice.

» Work environment: Includes 55 elements that measure the interpersonal (e.g., customer service),
physical (e.g., exposure to contaminants), and structural (e.g., type of schedule) conditions under which
work is performed.

The data also include detailed information on typical workers’ tasks and work activities, the basic knowledge
required to be successful at a job, and work styles and values.

The O*NET database allows us to take a multidimensional approach to comparing one occupation to another.
It generates a similarity or relatedness score by comparing each occupation to the more than 800 other
occupations across multiple job dimensions and analyzing the resulting similarity scores using measures
including median wages and job zones—a broad measure of the preparation and experience required (Dahlke
et al. 2022). We use the similarity index produced by O*NET (2012, 2022), but it would also be possible to
customize a similarity index—as do Greenspon and Raimi (2024), Lim, Aklin, and Frank (2023), and Vona et al.
(2018), among others.

For more details about our methodological approach, see Technical Appendix A.

The education, experience, and training required for certain occupations is intended to ensure workers
have the skills necessary to perform and succeed in the job. Required skills include everything from
listening and critical thinking, to complex problem-solving and decision-making, to technical skills like
equipment maintenance and repair.

We find that jobs across the energy sector typically require foundational skills that are common to many
jobs in today’s economy—including critical thinking, reading comprehension, active listening, and speaking
(Technical Appendix Table A10). However, the energy sector relies much more heavily on technical skills
such as equipment operation, monitoring, and repair, along with troubleshooting and quality control,
compared to other parts of California’s workforce (Figure 8).

15. Specifically, we use the O*NET Related Occupation Matrix data which include more than 200 dimensions comparing job
requirements across more than 800 individual occupations. Validated by experts in industry, O*NET data are a rich source of
information about jobs across the economy. We use a number of summary statistics to aggregate and differentiate across the
occupations we identify in the energy and fossil fuel sectors and occupations in the broader economy. See the Technical Appendix

A for more information.
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Figure 8

Equipment operation, maintenance, and troubleshooting skills are important for energy
jobs
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SOURCE: O*NET 29.2 Database
NOTES: Skill importance index difference: energy occupations versus non-energy occupations (>0 indicates more important for
energy). Median scores are calculated across all occupations in the group.

Work Environment

The interpersonal, physical, and structural conditions of jobs in the energy sector suggest a high level of
responsibility; this may be a driver of higher earnings and shape the pool of workers willing or able to
succeed in the sector.

While the interpersonal aspects of energy sector work are similar to those in rest of the workforce, energy
work tends to take place in more demanding physical environments (Figure 9). Hazards, extreme
environmental conditions, and the use of protective gear are more prevalent in these types of jobs,
especially if we narrow in on jobs concentrated in the fossil fuel subsector. Some of the factors in these
indices include loud noises and/or high temperatures. In addition to high levels of responsibility for others,
energy sector jobs require fast-paced work and adherence to strict schedules.
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Figure 9

Workers in energy jobs, especially in the fossil fuel subsector, face more job hazards and
extreme work conditions

Median score
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SOURCE: O*NET 29.2 Database.
NOTE: Median scores are calculated across all occupations in the group.

The Future of the Energy Sector Workforce

Since 2016, the energy workforce in California has grown about 29 percent, over twice the rate of all jobs
(12%) (Figure 10). Growth in the fossil fuels subsector (22%) has also exceeded overall growth (see Technical
Appendix Table A4). We estimate that the largest job gains have been for logisticians (21,000), electricians
(14,000), and first-line supervisors of construction trades and extraction workers (14,000). In the fossil fuels
sector, jobs for construction laborers (4,300), service unit operators, oil, gas, and mining (1,800), and first-line
supervisors of construction trades and extraction workers (1,300) have increased most sharply in recent
years.
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Figure 10
Energy jobs in California have increased substantially since 2016
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— All energy — Fossil fuels

1,200,000 120,000

1,000,000 /____/—_- 100,000
> 800,000 //f 80,000 @
&) - [0]
@ =
c 600,000 60,000 =
o 2
= o]
< 400,000 40,000 WL

200,000 20,000

0 0

2016 2017 2018 2019 2020 2021 2022 2023

SOURCE: PPIC calculations based on OEWS for California, 2016—2023.
NOTE: See Technical Appendix A for detailed estimates.

In the Near-Term, Energy Job Growth Is Likely to Vary Substantially across
Occupations

If recent trends continue, growth in energy sector jobs could be slow and steady. Models that predict job
growth through 2032 based on official Bureau of Labor Statistics data expect energy occupations to grow
7.6 percent and the occupations we’ve identified as key to the fossil fuels subsector to grow 6.5 percent.
These rates are below projections for overall job growth in California (8.9%).16

Among the energy-related occupations that are expected to see the greatest growth, we find technical jobs
such as solar photovoltaic installers (42%) and electrical power-line installers and repairers (18%), as well as
professional occupations that include architects (17%) and civil engineers (12%). Some of the greatest
decreases are projected for some occupations directly related to fossil fuels, including petroleum pump
system operators, refinery operators, and gaugers (-19%) and service unit operators, oil and gas (-15%). We
discuss the decline in fossil fuel occupations in the section below.

However, many factors could impact the trajectory of the energy sector and its workforce. At the most basic
level, these projections assume continued economic growth, but a recession could affect demand and/or
investment in the energy sector. The energy sector is also sensitive to global trade and production patterns.
Finally, federal and state priorities could also impact plans and future investments in the sector, as we

discuss next.

Policy and Technology Will Affect Future Workforce Needs

The sector’s future is tied to policy decisions that affect prices, investments in infrastructure and technology,
and incentives or impediments related to specific types of energy. While consumers, businesses, and

16. These estimates are based on total employment in 2022 compared to projections for 2032 and do not consider additional job
openings that may be available during the period due to retirements or turnover.
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private investment have effects on the energy sector, the government is a major player. For example, the
federal Infrastructure Investment and Jobs Act prioritized building resilience in the energy grid, networks for
electric vehicle charging, and moving toward zero-emission buses among other infrastructure, all of which
would require a ready workforce. Initial funding of $41 billion was directed toward California and included
about $4 billion for energy-related projects (White House 2024). In the current presidential administration,
however, those funds and incentives have mostly been halted, and restrictions on some new energy
projects and state climate policy are being pursued. California will not be able to fill gaps in federal funding.
In addition, there are many state-level challenges to building new infrastructure quickly, including slow and

costly permitting.17

While California remains committed to its climate policy goals, state and federal policymaking may affect
how or how quickly they can be met. Policy may mute or shift energy-related initiatives—and future
workforce needs. Additionally, concerns about energy affordability for households and businesses, as well
as the need for reliable energy production during a transition to more renewable sources, could have an
impact. Private sector investments and private/state partnerships are expected to continue to increase the
share of energy generation and consumption from renewable sources. All of this will have implications for
the workforce, but it is difficult to predict exactly what these implications will be.

Research has modeled the long-run impact of the energy transition on workforce needs, accounting in a
variety of ways for the scenarios noted above (and others). Estimates range from very little growth in the
energy sector workforce to dramatic increases of three times the size today. This reflects differing horizons,
modeling approaches, and assumptions about the evolution of energy technology and policy (Ram et al.
2022; Jacobson et al. 2015; Mayfield et al. 2023; Roland-Holst 2015; California Air Resources Board 2022).18

The California Air Resources Board estimates that the state’s energy workforce will comprise a relatively
stable share of the workforce overall through 2045. Other estimates suggest that even if national job
growth in the energy sector is relatively small (400,000 to 600,000 by 2040), California could see more
new jobs than other states given its scale and potential for growth in wind and solar energy generation (Xie
et al. 2023). However, impediments to building new facilities could affect the evolution of California-based
manufacturing connected to the energy sector, thus affecting workforce needs (Mayfield et al. 2023).

Some new job opportunities related to the development of new energy sources are short term and may or
may not grow the sector overall in the longer term. For instance, a single energy infrastructure project
requires a construction workforce for a certain amount of time without increasing jobs in the long term, but a
continuous or growing stream of such projects could require a consistently larger construction workforce
over that period. The transition to manufacturing batteries for energy storage rather than extracting and
processing oil, for example, could shift the type of jobs needed in the sector from operations to
manufacturing (Bucker et al. 2025)—and might create jobs in manufacturing firms that are not solely related

17. See, for example, the State Assembly report on permitting reform.

18. Our review encompasses research that focuses on the direct energy workforce. That is, we include models that estimate the
workforce needed to conduct the energy work included in our definition, not those that measure the job impacts induced or
indirectly related to the energy sector. Other research that incorporates these broader effects typically finds much larger impacts
related to energy activities. Additionally, the research cited here typically examines the intensity of work in the sector (job-years),
whereas we are examining single jobs. For that reason, the projection models are not directly comparable to our data. However, the
starting estimates for most of these models of energy work as a share of the workforce overall are similar to our estimates.
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to energy.19 Finally, some high-level job numbers count only jobs created due to new investments and not
those lost due to what is being replaced, phased out, or repurposed. Some “new” jobs in growing areas of
the energy sector will be existing jobs repurposed for new activities.

While the workforce needs of the energy sector grow and shift along with energy technology, policy
decisions, and the like, the workforce will also be in transition due to broader demographic factors. As
noted above, 32 percent of the workforce is over age 50. As the pace of retirement in the energy sector
accelerates, energy companies will need to focus on recruitment and retention as well as training.

Which Energy Jobs Will Be Most Affected by the Energy Transition?

Given these expectations about the future of the energy workforce, we focus on understanding entry into
the workforce for those seeking good job opportunities as well as transitions for workers—especially those
in the fossil fuel subsector—who could face long-term declines in their job prospects.

Drawing on Greenspon and Raimi (2025), Popp et al. (2024), and Vona et al. (2018), we identify two sets of
occupations most likely to change as a result of the energy transition: those most likely to shrink or
disappear due to the phasing out of fossil fuel and those most likely to be generated by the emergence of
new fuel sources.”® This discussion zeroes in on the jobs most likely to change as a result of the energy
transition. Other types of workers that are currently critical to the energy sector—for instance,
electricians—may acquire new skills and tasks, but they remain prevalent.

We identified 27 occupations that are likely to grow if the transition to renewable energy sources continues
and 17 likely to shrink or disappear if the state shifts further away from fossil fuel (Table 1).

19. Our definition of the energy workforce does include some manufacturing jobs (See Technical Appendix Table A1). Bucker et al.
(2025) finds the biggest workforce change across phases of the energy transition is for employment in manufacturing, followed by
construction and professional and technical services. This shift may also be impacted by whether manufactured goods for the
energy sector are produced domestically or abroad (and in California versus other states).

20. There are some limitations in translating these national studies to California data, which is less detailed. For growing jobs, we
start with a list of “green energy occupations” in Popp et al. (2024) at the 8-digit SOC level and match them to 6-digit SOC
occupations in our list of energy occupations (see Technical Appendix Table A16). This definition captures almost all of the
occupations identified in Popp et al. (2024) and are occupations present in the low-carbon energy industries identified in Greenspon
and Raimi (2025), which are projected to grow substantially due to the transition to renewable energy sources. For the shrinking
fossil fuel occupations, we select any in our definition of the fossil fuel sector that are especially concentrated in the sector relative
to the broader economy (we use a cutoff of 40%, meaning that the occupation must have at least 40% of jobs statewide in the fossil
fuel subsector). This assumes, like in Greenspon and Raimi (2025) that occupations especially concentrated in the fossil fuel sector
are particularly vulnerable to job loss because they have few opportunities in other sectors today. Implementing this definition in
California-specific data yields a set of occupations consistent with Greenspon and Raimi (2025) but omits fossil fuel occupations that
are relevant to the national economy but less so to California (e.g., coal mining). Specifically, we match 11 of the 31 vulnerable fossil
fuel occupations proposed by Greenspon and Raimi (2025). See Technical Appendix Table A17 for more detail.
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Table 1
Energy sector occupations most likely to shift along with the energy transition

Growing energy sector occupations

Number in Share of
current energy energy
Occupation workforce workforce
Construction laborers 61,310 5.8
Plumbers, pipéefitters, and steamfitters 37,360 3.5
::f;:lr;?;air conditioning, and refrigeration mechanics and 29,820 o8
Construction managers 28,170 2.6
Civil engineers 27,690 2.6
Architectural and engineering managers 16,680 1%:6
Managers, all other 12,370 1.2
Electrical engineers 11,420 il
Engineers, all other 9,470 0.9
Electronics engineers, except computer 9,440 0.9
Mechanical engineers 8,700 0.8
S;iﬁ:;gijnasnd electronic engineering technologists and 6.920 06
Solar photovoltaic installers 6,840 0.6
Construction and building inspectors 6,470 0.6
Sheet metal workers 6,460 0.6
Compliance officers 3,370 0.3
Sales representatives, wholesale and manufacturing,
technical and scientific products 2770 Q.3
Aerospace engineers 2,550 0.2
Eraiitr;?srgr:lgotticef;nologists and technicians, except 2310 0.2
Life, physical, and social science technicians, all other 2,120 0.2
Environmental scientists and specialists, including health 2,080 0.2
ilir::\ltliirs_lr;gir;tslltscience and protection technicians, 1,750 0.2
Environmental engineers 1,330 0.1
Mechanical engineering technologists and technicians 1,320 0.1
Physical scientists, all other 1,010 0.1
Urban and regional planners 750 0.1
Geological technicians, except hydrologic technicians 550 0.1
TOTAL 301,030 28.3
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Shrinking fossil fuel sector occupations

Number in current

Share of fossil fuels

Occupation energy workforce workforce
Electrical power-line installers and repairers 5,030 5.4
ZEZ?B\%Q ap;gﬂgasggteergﬂ operators, refinery 3480 37
Service unit operators, oil and gas 3,380 36
g;cnetg?[\rigccjh\/aarLYcea';ndséa(J:ers and repairers, 2,500 27
Pipelayers 1,300 1.4
Gas plant operators 650 0.7
Petroleum engineers 640 0.7
Pump operators, except wellhead pumpers 600 06
Roustabouts, oil and gas 550 06
Power distributors and dispatchers 510 05
Earth drillers, except oil and gas 450 05
Coil winders, tapers, and finishers 340 0.4
Helpers—extraction workers 310 0.3
Rotary drill operators, oil and gas 300 0.3
Chemical plant and system operators 210 0.2
Extraction workers, all other 80 01
Wellhead pumpers 80 01
TOTAL 20,410 217

SOURCE: PPIC calculations from OEWS for California, 2023.
NOTES: Counts employment in given occupations within industrial sectors defined as part of the energy or fossil fuel sector, based
on our definition. Occupations selected based on approach described in text.

Occupations associated with the transition toward renewable energy already comprise about one-quarter of
energy sector jobs (about 300,000). As noted in related national studies, a large share of these jobs are in
construction, professional/technical services, and electrical equipment-related firms (Xie et al. 2023).
However, some emerging occupations within these categories can be difficult to identify in official jobs data.
Like software developers or social media specialists—occupations that did not exist a few decades ago but
are now commonplace—new energy technologies may be creating new occupations or increase their
visibility in the data. For instance, transportation, fuel cell, or energy engineers are so few in number that
they are currently counted as civil, mechanical, or “all other” engineers; our best estimate of total jobs in
these occupations is 46,000, or 4.3 percent of the energy workforce. However, if renewable energy
technology moves in that direction, these jobs may become separately measurable.
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Occupations that are most likely to phase out due to a further shift away from fossil fuel sources comprise 2
percent of the energy sector today but 22 percent of the fossil fuel subsector. While the timeline is uncertain
and depends on both government and private sector choices, we have already seen some job losses in
California. For example, in 2020, the Marathon Martinez oil refinery in Contra Costa County idled, and the
company laid off over 700 workers who had limited options to move into jobs with comparable pay and
benefits (Hammerling et al. 2025; Parks and Baran 2023). As other closures are announced, policy action is

needed to support workers.”'

In addition to skill and experience requirements, geographic factors may affect how emerging or shrinking
workforce opportunities in energy will be met. Specifically, the fossil fuel jobs most likely to decline
represent almost 40 percent of all fossil fuel jobs in Bakersfield, 24 percent of those in San Diego, and 22
percent of those in the Bay Area (Figure 11). In absolute terms, twice as many of these jobs are located in the
Los Angeles metro (5,200) compared to Bakersfield (2,400) or Riverside-San Bernardino (2,300).22

Figure 11
Fossil fuel jobs likely to shrink are more prevalent in Bakersfield
Phasing out fossil fuel jobs as share of regional fossil fuel workforce (%)
Bakersfield 40
San Diego | Carlsbad 24
Oxnard | Thousand Oaks | Ventura 23
San Francisco | Oakland | Hayward 22
Los Angeles | Long Beach | Anaheim 21
Riverside | San Bernardino | Ontario 21

Sacramento | Roseville-Arden | Arcade 18

SOURCE: PPIC calculations from OEWS data for California, 2023.
NOTES: Number of fossil fuel jobs in occupations likely to phase out as share of total fossil fuel jobs in metro area, as of 2023. Six
largest Metropolitan Statistical Areas shown.

Preparing for Emerging and Shrinking Energy Jobs

We now turn to a more in-depth examination of the occupations likely to grow and shrink due to changes in
the energy sector—as well as the skills, education levels, and earnings potential that can contribute to or
constrain individual opportunities.

21. Phillips 66 has announced it will be shutting down operations by the end of this year at its Los Angeles-area refinery that
employs 900 workers. Benicia oil refinery in the Bay Area, where more than 400 people work, has also announced it will be ceasing
operations next year.

22. See Technical Appendix Table A9.

27/46



Growing Jobs in Energy Require Higher Levels of Education

Energy occupations that are likely to grow require relatively higher educational attainment at entry level: 44
percent of these jobs require a bachelor’s degree, compared to 39 percent of energy jobs overall and 24
percent of fossil fuel jobs (Table 2). About four in ten (42%) of these occupations require at most a high
school diploma—a lower share than in the energy sector overall.

Table 2

Emerging energy occupations require higher levels of educational attainment at the
entry level

Distribution of education requirement, based on 2023 employment (%)

Growing energy Shrinking fossil
Entry level sector fuel sector
requirement All energy Fossil fuel occupations occupations
Hllgh school 51 72 42 97
diploma or less
Postsecondary non-
degree or some 5 2 9 -
college
Associate's 4 2 5 -
Bachelor's 39 24 44 3
Advanced 2 - - -

SOURCES: PPIC calculations from OEWS data for California, 2023, and on Employment Projections program, US Bureau of Labor
Statistics.
NOTE: The distribution of education is weighted across the occupations based on employment in 2023.

Growing energy occupations require a little bit less work experience than jobs in fossil fuel or energy
overall—8 percent of the jobs projected to grow require 5+ years of experience compared to 10 and 12
percent in the fossil fuel or energy sector overall (Technical Appendix Table A12). Growing occupations
require more on-the-job training than the energy sector workforce overall—48 percent compared to 39
percent—but less of this kind of training than fossil fuel jobs (61%); our findings are consistent with similar
research at the national level (Popp et al. 2024).

Driven by higher education and training requirements, the occupations likely to grow currently pay slightly
higher wages than those in the energy sector overall: $46/hour at the median, compared to $45 for energy
jobs overall (Figure 12). However, among growing occupations that require less than a bachelor’s degree,
typical wages are currently $31/hour; this hourly median is lower than the growing energy jobs overall but
greater than typical earnings for workers in occupations that require less than a bachelor’s degree in the
workforce overall ($23/hour).
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Figure 12
Growing energy occupations offer higher wages, in general
$ per hour
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SOURCES: PPIC calculations from OEWS data for California, 2023, and on Employment Projections program, US Bureau of Labor
Statistics.

Higher earnings may help the energy sector recruit workers. But the sector will also rely on post-secondary
institutions, employers, and unions, among others, to provide workers with the education, skills, and

. . . 23
experience necessary to perform in those jobs.

Firms can also recruit existing workers from other sectors. The occupations estimated to grow to support
the energy transition currently employ workers across many of California’s sectors. In fact, only 43 percent
of employment in the 27 occupations projected to grow to support the energy sector are in the energy
sector today; the other 57 percent are in other sectors, including manufacturing, construction, or
professional services. That means that skills that might translate to support future energy sector needs are
already present in California’s workforce. Though not all skills can be transferred seamlessly across sectors,
supporting workers in this transition may give them access to favorable wages, benefits, and/or work
environments.

Workers in Shrinking Fossil Fuel Jobs Could Qualify for Jobs in other Industries—but
Most Pay Less

About 20,000 Californians have fossil fuel jobs that are likely to be phased out during the energy transition.
Most of these jobs do not require education beyond high school and typically offer relatively high wages:
$44/hour as of 2023. It is impossible to predict exactly how many of these jobs will ultimately be lost or
when that might happen. But many have already been affected by, for example, the closures of oil refineries,
and their transition potential is of great concern.

23. See Greenspon and Raimi (2025) for an analysis of the postsecondary education programs aligned with future skill needs in the
energy sector, as well as a detailed analysis by Sedgwick and Skyberg (2024) for occupational and educational pathways in the LA

region—which also identifies the need for (1) education providers to further target and update curricula to align with industry needs

and (2) more effective collaboration between industry, education providers, and government.
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Because many of these jobs are specific to fossil fuels, many workers are highly affected by changes in that
subsector. For example, operators of petroleum pump systems, refineries, and gas plants are unlikely to find
the same job opportunities in other sectors. However, workers in other less-specialized occupations may
find opportunities in other sectors. The occupations identified in Table 1 are mostly found in the fossil fuel
sector (20,000); an additional 10,000 jobs in those occupations are found in other sectors of the economy.
For example, one year after the Marathon Martinez oil refinery layoffs, one-quarter of workers (excluding
retirees) were unemployed, and those who had found new jobs went from earning a median wage of $50
per hour to $38 per hour (Hammerling, Toaspern, and Schmahmann 2025). National evidence suggests that
workers leaving the fossil fuel sector mostly do not move into jobs in renewable energy-related sectors,
despite recent growth in EV-related jobs that provides some opportunity (Curtis et al. 2023). Furthermore,
older workers in the fossil fuel sector and those without a bachelor’s degree are even less likely to transition
to jobs in other parts of the energy sector, validating concerns about supporting the transition of workers
affected by the decline in fossil fuel work.

To better understand the potential for workers to transfer from fossil fuel occupations that may shrink over
time, we identified occupations with the most similar skill, training, and education requirements as well as
work environments. Our analysis draws on the O*NET occupational data.?* We identified the ten closest
occupations to each of the “shrinking” occupations, based on a “relatedness” index that compares multiple
dimensions of each job and finds the closest match.”® Extra weight is given to matching jobs based on
educational requirements, training, and skills, though the day-to-day tasks and overall conditions of each job
are also factored in (e.g., job characteristics described in Figures 7-9). Similarity does not necessarily
translate into seamless transitions: moving into occupations that are very similar may require additional
training that is specific to the sub-field of work or to individual employers.

We find that 52 percent of closely related occupations are in the broader energy sector in California (or 82%
of total employment, based on 2023 data; see Technical Appendix Table A13). For example, based on skills
and job characteristics, a service unit operator position in the oil and gas sector is similar to four
positions—operating engineers and other construction equipment operators, industrial machinery mechanic,
septic tank servicers and sewer pipe cleaners, and engine and other machine assemblers—in other parts of
the energy sector. Other examples include pipelayers, who may be able to use their skills as plumbers,
pipefitters, steamfitters, or construction workers in other parts of the energy sector; and electrical powerline
installers and repairers, who could use their skills as telecommunications line installers and repairers or
electrician helpers (see Technical Appendix Table A14 for more examples).

We also find a broad distribution of similar jobs across the economy, from manufacturing to construction. For
example, rotary drill operators in oil and gas may have skills and training required for jobs in machinery
maintenance. The firms that employ such workers are typically in manufacturing and transportation and
warehousing industries.

24. One occupation on our list of 17 fossil fuel occupations likely to shrink—“extraction workers-all other” —is not included in O*NET’s
database of occupational similarity because it is a catchall category for extraction jobs that do not fit in any of the other multiple job
specifications. For this reason, we cannot identify related occupations. We therefore exclude this occupation in the rest of this
section. We also exclude from the list of the ten most similar occupations those occupations that are part of the shrinking fossil fuel
list.

25. Some closely related occupations are also on this list (Table 1) of shrinking fossil fuel occupations; we exclude those from the set
of most closely related occupations.
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To the extent that skill-building or training is needed before an individual can start in a new job in a similar
occupation, employers, unions, apprenticeship providers, and workforce development partners may
facilitate worker transitions. And “earn and learn” models may help transitioning workers support
themselves and/or their families.

Notwithstanding overlapping educational levels, skills, and job characteristics, mismatches in earnings
potential matter a lot for fossil fuel workers who need to shift careers. Figure 13 plots the median wage of
each job projected to phase out (horizontal axis) versus the median wage of jobs identified as similar
(vertical axis). Seventy-four percent of the related occupations (or 67% of employment, based on 2023
levels) offer lower wages; or only one-quarter of the proximate occupations would pay workers more than

they earn today.26

Figure 13
Proximate jobs for workers in shrinking fossil fuel occupations often pay lower wages
Growth: tiny o Growth: small o Growth: medium O Growth: medium-high
O Growth: high o Decline: small o Decline: medium O Decline: medium-high
O Decline: high - No change
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60 pays more . ..
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...or pays less

Median wage of closely related occupations

20 30 40 50 60
Median wage of shrinking fossil fuels occupations

SOURCES: PPIC calculations based on OEWS data for California, 2023, and Employment Projections for California, 2022-2032.
NOTES: The dotted line represents a 1-1 match between the shrinking fossil fuel occupation wages and the wages of closely related
occupations based on O*NET, excluding those that are part of the shrinking fossil fuel list. Bubbles above the dotted line indicate
wages in related occupations are higher than current wages in shrinking fossil fuels occupations; bubbles below mean that wages
are lower. The size of the bubbles indicates the change in number of jobs for each occupation according to the BLS projections for
2022-2032 based on quintiles of the distribution of job change in absolute value. Occupations with no information on projected
jobs were assumed as having no changes in employment. Occupation 53-7073—Wellhead Pumpers was excluded from the analysis
because OEWS data is lacking on current wages for California. For detailed information see Technical Appendix Table A14.

It is also important to note that some closely related jobs are projected to grow (blue circles in Figure 13)

while others are expected to decline (orange circles) or have zero growth (grey dots) by 2032. Projected job
growth is greatest among laborers and freight, stock, and material movers (38,000 projected additional

26. These results are consistent with national patterns identified in Greenspon and Raimi (2025).
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jobs); construction workers (20,000); and electricians (10,000). None of these jobs offer higher typical wages
than fossil fuel occupations. In aggregate, the five most closely related occupations for shrinking fossil fuel
occupations are projected to grow 5 percent (6,000 jobs per year) by 2032 (see Technical Appendix Table
A14). If we take the extreme case and assume that all of our selected fossil fuel sector jobs phase out over
that period (20,000 total jobs lost) and that all of the affected workers transition to one of these related jobs,
we estimate that the transition will constitute 15 percent of the projected change in related occupations.

As noted, the fossil fuel jobs that would be affected by a continuing transition are more concentrated in
Bakersfield metro than in other areas, though they are also numerous in Los Angeles, Riverside—San
Bernardino, San Diego, and San Francisco metro areas. Whether those workers can find related work in
their region is a critical question. To shed more light on this issue, we examine the six metro areas with the
largest level of employment in our target fossil fuel occupations, for which we have relatively detailed
employment data.”” We find that opportunities in closely related occupations vary dramatically across these
six metros (Table 3). In particular, the relatively small size of Bakersfield’s labor market means that there are
fewer local jobs in related occupations. The largest occupations in the metro area that are expected to
shrink are service unit operators in oil and gas (1,700 jobs in 2023) and petroleum engineers (300 jobs).
There are currently only 1,500 jobs in the five occupations closest to service unit operators—that is, around
0.9 jobs per 1job in the affected fossil fuel subsector.”® For petroleum engineers, the number of closely
related jobs is 800, or around 2.5 times the current number of jobs for petroleum engineers.

By contrast, in the Los Angeles metro area, electrical power-line installers and repairers (1,800 jobs) and
petroleum pump system operators, refinery operators, and gaugers (1,700 jobs) are among the largest
shrinking fossil fuels occupations. Closely related occupations currently employ 3,900 and 22,000 workers,
respectively—equivalent to 2 and 13 times the number of jobs in the two fossil fuels occupations phasing
out. In aggregate, Bakersfield has 1.7 jobs in closely related occupations per one job in phasing fossil fuels
ones. For Los Angeles, Riverside—San Bernardino, San Diego, and San Francisco metro areas, the ratios
range from 6.9 to 20.5—much better odds for fossil fuel workers who would be affected by the energy
transition.

27. At the regional level, there is not as much detail among phasing out fossil fuels occupations and we are only able to capture 61
percent of the statewide phasing out occupations.
28. Five closest occupations that are not among those phasing out in the fossil fuels sector.
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Table 3

Proximate jobs for workers in shrinking fossil fuel occupations are more prevalent in

some regions

Number of jobs in
fossil fuel sector
occupations
expected to shrink

Number of jobs in
related occupations

Number of jobs in
related occupations
vs in those expected
to shrink (Ratio: (2)

Area (1) (2) over (1))
California 22,700 454,400 20.0
Los Angeles-Long

Beach-Anaheim 5,160 Ul 13.3
Bakersfield 2,420 4,010 1.7
Riverside-San

Bernardino-Ontario 2510 21,540 15
San Diego-Carlsbad 1,410 9,700 6.9
San Francisco-

Oakland-Hayward 1,340 — 20.5
Sacramento-

Roseville-Arden- 670 14,400 21.4
Arcade

SOURCE: PPIC calculations based on OEWS data for California, 2023.
NOTES: Top six metro areas in terms of column 1 shown. See text for explanation of related occupations; only the top five most
closely related occupations are used in column 2.

Policy and Research on Workforce Transitions

Education and training will play key roles in addressing the shifting workforce needs for the energy
sector—but other supports for workers and businesses may also be needed. It is instructive to look at
research on the impact of previous industrial transformations on workers, regional economies, and the
economy at large. Prominent examples include the decline of coal-fired energy generation in Ohio, the end
of the steel industry in Pennsylvania, the dwindling of the coal industry in West Virginia, and major
manufacturing sector shifts due to trade and import competition (Peluso, Kearney, and Lester 2020; Autor,
Dorn, and Hanson 2016; Autor et al. 2014). A variety of local, state, and federal policies were put in place to
deal with the economic and labor market consequences generated by these and other transitions. While a
complete review of these policies is beyond the scope of the present report, we offer insights from existing
research on some policy approaches that might be relevant to California’s current energy transition.

The long-term effects of the cessation of energy-related activities have been quite dire for the communities
and workers directly impacted (Krause 2023; Black, McKinnish, and Sanders 2005). For instance, workers
who were most affected by the decline of the coal industry have had lower earnings and propensity of work
over the long term; especially those who stayed in the local area, though relocating did not mitigate
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earnings losses much (Colmer 2024). Even for workers who transitioned to high-wage industries, the
transition was costly in terms of long-term earnings potential.

Targeted economic development

Economic development efforts aim to support communities, businesses, and workers by attracting new
industries, private investment, and jobs to regions affected by industrial decline. The Contra Costa Refinery
Transition Project aims to do just that in the Bay Area (Hammerling, Toaspern, and Schmahmann 2025),
while prioritizing job quality and environmental health. A substantial body of research has evaluated policy
approaches to generating local economic development; syntheses of this research generally find limited
effects. Policies that solely target locations (e.g., place-based policies like empowerment or opportunity
zones or tax credits for operating in certain markets; see Neumark and Simpson 2014; Bartik 2020;
Mukherjee and Raimi 2023) have been largely ineffective at generating job or business growth beyond
what would have happened in their absence.

However, research does find promising approaches to incentivizing local economic development through
investments in infrastructure (e.g., the Tennessee Valley Authority, see Kline and Moretti 2014) and well-
designed tax credits for employers (e.g., the Employment Training Panel or California Competes Tax Credit,
see Neumark et al. 2023; Neumark and Wohl 2023).

Education and training for impacted workers

A vast number of programs provide education and training, with state, federal, and local agencies playing
key roles. Federal funding is particularly important for education, training, and job search assistance for
workers affected by industrial transformation—for example, the Dislocated Worker program, part of the
Workforce Innovation and Opportunity Act, and the Trade Adjustment Assistance (TAA) program, which
operated between 1974 and 2022.”° Hundreds of studies in both US and non-US settings estimate

consistent gains for dislocated workers who participate in programs that improve their skills.>° While they

29. The Workforce Innovation and Opportunity Act (WIOA) Dislocated Worker program provides funds to states based on
unemployment levels; it also has competitive grant programs that direct resources to states experiencing major labor market
dislocations. Federal funds are directed to education, training, and other career-related services; California’s funding is distributed
through workforce development boards, which facilitate services housed at One Stop/American Job Centers, local job training
providers, community colleges, and other educational institutions. The Trade Adjustment Assistance (TAA) program is a long-
standing US Department of Labor effort to support retraining for trade-affected workers, such as manufacturing workers who lose
jobs or suffer dislocation as a consequence of reduced barriers to trade—e.g., trade agreements that lead to foreign competition
and/or offshoring—since the 1970s. Funds for worker training and education for new occupations are the largest part of TAA,
although—as we discuss below—the program also extends unemployment insurance benefits for some participants. TAA would
need reauthorization to continue. A recent state program is also relevant in this space: California’s Displaced Oil and Gas Workers
Fund supports organizations assisting workers impacted by the state’s transition toward a cleaner economy by building new skills in
new industries and providing on-the-job training so they can move to new jobs and career pathways. Grants from the Employment
Development Department, under the California Labor and Workforce Development Agency, target three counties with particularly
high concentrations of displaced or soon-to-be displaced workers: Kern, Contra Costa, and Los Angeles.

30. It is difficult to evaluate the efficacy of a training program that targets dislocated workers because slumping individual labor
market opportunities often overlap with broader economic conditions, and data rarely tracks participants over a period that is long
enough to disentangle the two. Demographic and other personal characteristics, like age, as well as job characteristics, like job
tenure, can also affect comparisons between workers (Guth and Lee 2017). But evaluation and data collection has improved
markedly in recent decades.
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may forgo earnings and employment in the short term, workers see increased employment two to three
31

years after completion of training programs (Card, Kluve, and Weber, 2017; Hyman 2022)
A California-specific evaluation finds an 11 percentage-point gain in employment and 20 percent higher
earnings up to three years after workers completed training through the TAA program.32 However, most
evaluations find that improvements are not equivalent across demographic groups: women and workers
who experience longer spells of unemployment generally see larger gains, while gains for younger and
older workers are typically smaller. The services found to be most effective are generally related to training,
though positive returns to training may take time to realize or entail fully shifting careers (Marcal 2001;
Schochet et al. 2012). Some positive results may be due to workers who are willing to fully shift careers.

Programs that target job training to dislocated workers with dedicated outreach and services may be more
effective than hoping that workers will seek training independently. A study focused on communities
affected by the decline in the coal industry finds essentially no increase in educational achievement—or
even enrollment—at public and private colleges, including those that grant certificates, such as community
colleges (Krause 2025). Even financial support (via government transfers) to coal workers in these
communities did not correlate to increasing educational attainment.

Earnings support

Policies have also sought to address earnings and employment directly. The TAA program addressed
earnings by providing extended unemployment insurance benefits (contingent on enroliment in training), a
wage insurance program, and/or a tax credit for health coverage. A rigorous study of the TAA wage
insurance program, which provided a temporary subsidy to offset the difference between the worker’s
previous and current wage to help them get into new jobs more quickly, found improvement in employment
and long-term earnings (Hyman, Kovac, and Leive 2024).33 Notably, the program was designed to reach

. . . . . . 34
workers over age 50, who may face other barriers to investing in new skills and starting new careers.

An employment guarantee can also sustain dislocated workers’ earnings. The US has utilized large-scale,
temporary jobs programs in critical periods, like the Works Progress Administration (WPA) and Civilian
Conservation Corps during the Great Depression, or in critical places like the US Department of
Commerce’s POWER initiative providing temporary employment in communities affected by the decline of

31. Education and training programs studied here include programs to support both classroom and on-the-job training, across a wide
range of participants.

32. See Rothstein et al. 2022. In the TAA program, only participants who completed training also experienced earnings increases.
TAA also provides financial subsidies to some participants, which could impact these results through other channels. The evaluation
compares outcomes for program participants to similar adults (typically mid-career) who enrolled in other workforce training
programs and finds better employment outcomes for participants and, for some programs, relatively large increases in earnings over
the long term, despite initial dips.

33. Previous rigorous evaluations have been conducted outside the US; such programs are more common in other countries (see
Boeri and Cahuc 2023). Hyman et al. uses administrative data to compare recipients of wage insurance to similar workers who did
not qualify because of their age.

34. Note for older workers especially, there may be concerns about the future of pension income in the fossil fuels subsector (see,
for example, Higdon and Robertson 2020; Pollin et al. 2021; Pollin and Calacci 2019; and Aklin and Uperlainen 2022). However, we
are not aware of any research that evaluates or assesses this component of income for dislocated workers, specifically.
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the coal industry in Appalachia.35 A study of the long-term impact of the Civilian Conservation Corps found
that among young adults who participated, employment and earnings did not change much in the short

term but lifetime earnings—along with health, mobility, and longevity—were significantly improved (Aizer et
al. 2024). However, these improvements must be balanced against the cost of the program and the extent

to which public investment displaces private sector investments.*®

Relocation support

Historically, migration within the US has been closely tied to emerging job opportunities. Today, however,
large-scale relocation in response to economic declines or opportunities is much less common. Most
Americans pursue careers in the metro area where they grew up (Bartik 2020). Even communities that have
weathered shocks to manufacturing earnings due to increased global trade have seen relatively small out-
migration (Autor et al. 2014; Bartik 2020). Attachment to place may be stronger now, and/or relocation costs
may be higher, due in part to the housing market. But assistance with relocation can support long-term
economic well-being for workers who would like to pursue job opportunities in new places (Lim, Aklin, and
Frank 2023). The TAA program included a stipend for relocation for dislocated workers who find
employment outside of their previous commuting area; to our knowledge there are no evaluations of this
stipend.

However, large-scale experiments such as Move to Opportunity have sought to understand how
overcoming cost and information barriers to migration can impact economic outcomes. Studies find small or
no effects on the employment or earnings of adults in households that relocated but sizeable positive
impacts on college attendance and earnings of children who have grown up in those households (Chetty et
al. 2016; Ludwig et al. 2013). The Move to Opportunity experiment was focused on households in poor
communities, which may not be fully comparable to communities affected by industrial decline.

In sum, the evidence suggests that policy interventions may not guarantee successful workforce transitions
during economic transformations. Efforts to support workers may need to take a multifaceted approach that

combines targeted training programs, strategic economic development plans, and tailored support services.

In addition, decision makers must consider the costs of the interventions relative to potential benefits, to
achieve both fiscal sustainability and provide solutions that are responsive to affected workers and
communities.

Policy Implications

California’s move toward renewable energy generation and consumption has had some effects on the
state’s energy sector workforce. Growth in jobs related to solar technology, for example, are occurring
alongside the loss of oil and gas refinery jobs. The future course of the transition from fossil fuels to

35. The POWER initiative is a multi-agency effort utilizing various existing programs to address economic and labor dislocations
caused by the effects of the energy transition in Appalachian coal areas. It includes Dislocated Worker National Emergency Grants
to create temporary employment opportunities. The initiative has invested $484 million in over 564 projects in 365 counties across
Appalachia since 2015 and is “projected to create or retain more than 54,000 jobs, and leverage more than $1.85 billion in
additional private investment” (Lawhorn 2024).

36. A jobs program in the US to cover all workers involuntarily unemployed estimates a cost of $56,000 per job created, under a
scenario of full employment (Paul et al. 2018).
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renewable energy sources is highly dependent on state and federal policy choices; however, California will
need to be mindful of workforce needs in the energy sector in order to support the state’s critical activities
and to plan for transitions that affect workers and communities.

We have found that work needed to drive new energy sources and technology would require skills at either
end of the education distribution. We estimate that 44 percent of new energy jobs will require at least a
bachelor’s degree compared to 39 percent of today’s energy workforce and only 24 percent of the fossil
fuel workforce. At the same time, a similarly large percentage of new energy jobs (42%) will require at most
a high school diploma.

The jobs projected to grow to support new energy activities tend to offer higher median wages than the
energy sector overall today, though that is driven by the high share of new jobs that would require a college
degree. Given the aging of California’s workforce, the energy sector will face the challenge of attracting
workers from the shrinking pool of younger adults; sustained earnings potential is likely to help the sector
recruit workers in a competitive environment.

Another key concern is that the jobs that are most likely to shrink due to further shifts away from fossil fuel
pay higher wages than the occupations fossil fuel workers could qualify for based on their skills, education,
and job characteristics. While the segment of California’s energy workforce that would shrink is smaller than
the portion expected to grow, it comprises a large percentage of the overall fossil fuel workforce in some
regions, such as the Bakersfield metro area.

Fossil fuel workers who would be affected by the energy transition have skills that are valued for jobs in
other parts of the state’s energy sector or in other key sectors. However, most of these jobs offer lower
wages. And in smaller regions—again, especially in the Bakersfield metro area—the there are fewer of these
related jobs than in larger metros.

These estimates—along with rigorous studies of previous industrial transitions—indicate that to ease the
negative workforce ramifications of shifts in the energy sector, the state should focus on targeted assistance
for job training, job search, and income support for affected workers, as well targeted approaches to
addressing regional economic development. A large body of research on previous transitions has found
that while near-term gains to workers in terms of employment and earnings and to communities in terms of
job growth may be small, targeted approaches can prevent the worst outcomes of dislocation and decline.
In addition, state leaders can learn from current efforts and initiatives, such as the Contra Costa Refinery
Transition Partnership.

Ongoing shifts in occupational needs will require a range of workforce preparation, from postsecondary
education to on-the-job training for high school graduates. State investments across the educational and
workforce development spectrum will be critical, and broader connections between industry needs and
state investments can be strengthened by partnerships with employers, unions, and other workforce
stakeholders.
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