Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

"30% fewer workers for electric vehicle assembly”:
harbinger or myth?

Andrew Weng

aswehgBumich. edu

University of Michigan

Omar Ahmed
University of Michigan

Gabriel Ehrlich
University of Michigan

Anna Stefanopoulou
University of Michigan

Article

Keywords: electric vehicle, manufacturing jobs, labor intensity
Posted Date: April 12th, 2024

DOI: https://doi.org/10.21203/rs.3.rs-4237003/v1

License: © ® This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License

Additional Declarations: There is NO Competing Interest.

Version of Record: A version of this preprint was published at Nature Communications on September
16th, 2024. See the published version at https://doi.org/10.1038/s41467-024-52435-x.


https://doi.org/10.21203/rs.3.rs-4237003/v1
https://doi.org/10.21203/rs.3.rs-4237003/v1
https://doi.org/10.21203/rs.3.rs-4237003/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/s41467-024-52435-x

“30% fewer workers for electric vehicle assembly”:
harbinger or myth?

Andrew Weng'T, Omar Y. Ahmed'f, Gabriel Ehrlich?,
Anna Stefanopoulou!

!Department of Mechanical Engineering, University of Michigan - Ann
Arbor, 1231 Beal Ave, Ann Arbor, 48109, MI, U.S.
2Department of Economics, University of Michigan - Ann Arbor, 611
Tappan Ave, Ann Arbor, 48109, MI, U.S.

*Corresponding author(s). E-mail(s): annastef@Qumich.edu;
Contributing authors: asweng@umich.edu; oyahmed@umich.edu;
gehrlich@umich.edu;

TThese authors contributed equally to this work.

Abstract

It has been widely hypothesized that the transition to battery electric vehicles
will require 30% fewer assembly workers compared to internal combustion engine
vehicles. This work uses publicly available datasets on vehicle production and
employment to show that vehicle assembly plants in the U.S. that have previously
assembled internal combustion vehicles but have since fully transitioned to assem-
bling battery electric vehicles have required more, not fewer, workers to assemble
the same number of vehicles. Our study suggests that widespread loss of employ-
ment at electric vehicle assembly sites is a smaller risk than many fear. Moreover,
our study serves as a call for more regionally-focused analyses of the transition’s
effects on labor using data-driven and macro-level surveying approaches.
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1 Introduction

The automotive industry employs 13 million workers in the U.S.; including nearly 1
million in the manufacturing sector [1-3] (Figure 1). Most of these workers are engaged
in the production of internal combustion engine vehicles (ICEVs) today, but a rapid
shift towards battery electric vehicles (BEVs) is underway as major automakers set
ambitious targets to phase out ICEV production within the next two decades [4, 5].
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Fig. 1 (a) U.S. automotive sector employment consists of assembly and parts manufacturing jobs,
with assembly comprising 33% of total automotive jobs. During periods of economic downturn, the
percentage of jobs lost in the automotive sector exceeded that of the overall U.S. manufacturing
sector, as seen during the recession of 2008 and the pandemic of 2019. (b) The transition from ICEV
to BEV production will create shifts in the types and quantities of jobs in both assembly and parts
manufacturing. BEVs will require workers to manufacture battery cells and battery packs instead of
engines. Jobs categories are classified based on the North American Industrial Classification System
(NAICS) codes. Assembly jobs: NAICS 3361. Engine parts jobs: NAICS 33631. Powertrain parts jobs:
NAICS 33635. Other parts: NAICS codes 3363(x) according to the parenthesized values in (b).

How will the transition to BEV production affect the overall number of jobs in
the automotive sector? The answer to this question is at the core of a “Just Tran-
sition” which secures the future and livelihoods of workers and their communities in
the transition to a low-carbon economy [6-10]. For many U.S. auto workers, the pos-
sibility of job loss is not theoretical but experienced. During the 2008 global recession,
automotive manufacturing employment declined by 23% within a year (Figure 1a).
The overall U.S. manufacturing sector lost 12% of employment over the same period,
suggesting that the automotive sector is particularly vulnerable to job losses during
periods of economic downturn. Although some industry analysts note the potential for
the transition to BEVs to create new U.S. jobs [11], the potential for reduced labor
demand in the transition to BEV production has raised concerns among automotive
labor groups that the transition may be disruptive for U.S. workers [6].

Despite the importance of understanding the BEV transition’s effect on the number
of automotive jobs, existing reports have been scarce and contradictory. A common



narrative is that BEV powertrains have fewer parts compared to ICEV powertrains
and thus take fewer workers to assemble, so the BEV transition will result in a net loss
in automotive jobs. The claim of “30% fewer workers for EV assembly” entered public
discourse as early as 2017 [12] and remains a central claim as part of ongoing debates
on the effect of the BEV transition on jobs [6, 13-16]. The Economic Policy Institute
found that, without policies promoting local production of electric vehicle powertrain
components, 75,000 jobs could be lost in the U.S. by 2030. However, the same report
also predicted that employment could rise by 150,000 jobs given local production
[17]. A study by the Boston Consulting Group found that BEV labor requirements
are about 1% less than those for ICEVs after accounting for all production process
differences [18]. A study by Cotterman et al. (2022) found that the labor intensity
required for BEV powertrain manufacturing can be more than twice as high as that
for ICEVs if battery cell manufacturing is included and when industry shop floor data
is used instead of academic models [19, 20]. The lack of consensus from these existing
reports underscores the difficulty of estimating the future trajectory of BEV jobs based
solely on technical assumptions [21] and expert judgment [22].

This work studies data from existing vehicle assembly plants based in the U.S. that
have already fully transitioned from ICEV production to BEV production. By studying
data from existing assembly plants, we show the effect of the ongoing BEV transition
on automotive assembly jobs in the U.S. without making a priori assumptions of labor
intensity, battery manufacturing location, and reliance on expert judgment. In all
three assembly plants studied, we found that BEVs require more workers per vehicle
produced than ICEVs.

2 Identifying BEV transition plants

For this work, we first identified U.S. counties in which there existed a single his-
toric ICEV assembly plant that has since been converted to produce BEVs (Figure
2a). These sites, termed “transition plants,” provide the most direct comparison of
labor intensity differences before, during, and after the BEV transition. Two attributes
define transition plants. First, the plant must have fully transitioned from the assem-
bly of ICEVs to BEVs. A full transition ensures that the latest labor intensity figures
correspond to BEV production without considering the effect of simultaneous produc-
tion of BEVs and ICEVs. Second, the plant must have been producing BEVs for at
least two years and at a volume of more than 10,000 vehicles per year. This helps to
exclude BEV assembly plants that are in the very early stages of production ramp-up,
where production volumes are far from equilibrium conditions and with scarce data.

To understand the effect of the BEV transition on the workforce size at each tran-
sition plant, we frame the transition as occurring in several stages, each of which
bears consequences for the workforce size at the plant (Figure 2b). In the first stage,
ICEV lines are retired, resulting in lower vehicle production volumes and a reduced
workforce. In the second stage, assembly lines are re-tooled for BEV production, renew-
ing the demand for workers. In the third and final stage, the BEV assembly plant
approaches a steady-state in operational capabilities and production volumes. At this
stage, the workforce size is expected to stabilize.



[ © ICEVPant © EVPant % Transition Plant (CEVto EV) | Transition Plants

More
workers

Oakiand ICEV === BEV

T B

Workers

Fewer
workers

Retiring Retooling
ICEV lines lines for BEV
assembly
Auto Assembly Workers (1,000s)
0 5 10 15 20 25 30 35 40 45
B Yoar

Fig. 2 Transition plants: vehicle assembly plants that have fully transitioned from assembling ICEVs
to BEVs. (a) Map of U.S. automotive vehicle assembly activity as of 2022. Colors show the number of
workers classified under “motor vehicle manufacturing” (NAICS code 3361) for each state. Markers
highlight major manufacturing plants in each state. Three “transition plants” have been identified as
examples of complete ICEV to BEV production transformations: (1) Alameda County, CA, represent-
ing the transition of the former New United Motors Manufacturing, Inc. (NUMMI) vehicle assembly
plant, which assembled ICEV passenger vehicles, to the Tesla plant which assembles BEVs; (2) Oak-
land County, Michigan, representing the transition from the production of General Motors ICEVs
to the Chevy Bolt BEV over six years; and (3) McLean County, Illinois, representing the transition
of the former Mitsubishi vehicle assembly plant to the Rivian plant which assembles electric pick-up
trucks. (b) Possible trajectories of vehicle assembly workforce size that this work seeks to clarify.

We identified three transition plants for this study: Alameda County in California
(Figure 3), Oakland County in Michigan (Figure 4), and McLean County in Illinois
(Figure 5). Alameda was chosen as the site of the historic New United Motor Man-
ufacturing Incorporated (NUMMI) plant, a joint venture between General Motors
and Toyota, which closed in 2010 and has subsequently been owned and operated by
Tesla to produce BEVs. Alameda represents a ‘near-steady-state’ BEV assembly case:
Tesla has now been producing BEVs from this site for over a decade, and its annual
production volume of BEVs now exceeds that of the NUMMI plant at its peak. Oak-
land was next identified as home to the General Motors (GM) Orion assembly plant,
which began producing the Chevy Bolt BEV in 2016 concurrently with ICEVs [23].
As of 2021 the plant was exclusively making the Bolt, before ending its production in
December 2023 [24]. Oakland thus provides a case study in which the same workforce
transitioned from making ICEVs to making BEVs over a period of five years. Finally,
McLean was identified as the home to a former ICEV plant owned by Mitsubishi,
which has since been taken over by Rivian to produce mass-market electric light-duty
trucks. McLean represents the case of a burgeoning BEV manufacturer at the early
stages of vehicle production ramp-up.



3 Understanding labor intensity through workers
per vehicle

At each transition plant, we study the labor intensity of vehicle assembly before,
during, and after the transition to BEVs. Labor intensity is defined by the number of
assembly workers needed to produce 1,000 vehicles (WPV) according to:

WPV (k) = ?//((:)) x 1000, (1)

where W (k) is the number of auto assembly workers employed at the site averaged over
four quarters of year k and V (k) is the total number of light-duty vehicles produced at
the site during year k. WPV normalizes the workforce size by the production volume
and is thus a measure of labor intensity. WPV can be converted to units of hours
worked per vehicle by assuming a total annual hours worked per worker (see Section
8.3). However, since the hours worked are not publicly known at each transition plant,
we chose to report labor intensity as WPV for this work.

Vehicle production data is obtained from Automotive News Research & Data
Center [25], which details vehicle production volumes per make, model, and assem-
bly location (see Section 8.1). Automotive assembly worker data reflects employment
under the North American Industrial Classification System (NAICS) code 3361, Motor
Vehicle Manufacturing. Worker data is corroborated by combining data from from
two publicly available government databases - Quarterly Census of Employment and
Wages (QCEW) and Quarterly Workforce Indicators (QWTI) - as well as from local
news reports (see Section 8.2). National vehicle production and employment data
(Figure A1) provides a reference estimate of average ICEV labor intensity, since BEV
production in the U.S. had not surpassed 7% as of 2022. In the past two decades,
national labor intensity has ranged between approximately 17 and 28 WPV. Labor
intensity reached its lowest point of 17 WPV in 2015 before steadily climbing toward
a high of 28 WPV in 2021.

4 Alameda: high labor intensity despite a decade of
BEYV production

Alameda County, California, is home to the vehicle assembly plant historically owned
by North America Motor Manufacturing Incorporated (NUMMI) [26]. The plant was
in operation from 1984 to 2010 as a joint venture between General Motors and Toy-
ota, producing ca. 429,000 vehicles per year at its peak. The plant produced midsize
economy passenger vehicles (Toyota Corolla and Pontiac Vibe) and light-duty trucks
(Toyota Tacoma) (Figure 3a). The plant closed in 2010 after General Motors pulled
out of the partnership in the aftermath of the global recession [27, 28]. The plant clo-
sure resulted in the direct loss of 4,700 manufacturing jobs [27] as well as the closure
of 34 businesses in Alameda that supplied parts to the factory [29].

Following the NUMMI plant closure, Tesla purchased the factory and began to
retool the lines, first to produce the Model S sedan and Model X SUV starting in 2012
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Fig. 3 (a) Vehicle production history in Alameda County, California. Before 2010, the New United
Motors Manufacturing Incorporated (NUMMI) factory produced ICEVs including the Corolla and
the Tacoma. The factory has since been taken over by Tesla which has now been producing BEVs
for over a decade. (b) Annual vehicle production volumes. (¢) Employment numbers, sourced via
government NAICS 3361 data from the U.S. Quarterly Workforce Indicators (QWI), as well as via
news reports. (d) Labor intensity in Alameda compared to the U.S. average, measured in workers
needed to produce 1,000 vehicles per annum.

and 2015, respectively, followed by the Model 3 and Model Y mass-market vehicles
starting in 2017 and 2020, respectively. By 2019, the annual vehicle production volume
surpassed that of the NUMMI plant at its peak, and by 2022, the plant was producing
more than 450,000 units per year (Figure 3b). In the years between 2012 and 2022,
Tesla has maintained a net hiring rate of ca. 2,500 manufacturing workers per year,
totaling over 25,000 workers as of 2022 (Figure 3c). These employment numbers are
corroborated by both government data and local news reports (see Methods section).

The NUMMI factory reached peak labor efficiency, i.e. its lowest labor intensity,
in 2006 at 15 WPV (Figure 3d). Since then, labor intensity has risen year-on-year
as vehicle production volume declined. After Tesla acquired the plant in 2012, labor
intensity stayed above 50 WPV over the next five years, coinciding with the production
of Model S and Model X. Labor intensity then began to decrease starting in 2017,



when Tesla began production of the Model 3, its first mass-market BEV. During the
period between 2019 and 2022, labor intensity averaged at 51 WPV. Overall, during
the decade since Tesla began to build BEVs, the labor intensity stayed above 45 WPV.

To the best of our knowledge, the BEV labor force in Alameda includes labor for
battery pack assembly for the Model S/X [30] but excludes battery pack assembly for
the Model 3/Y which are reportedly manufactured off-site in Sparks, Nevada [31-35].
This BEV labor force further excludes battery cell manufacturing since battery cells
for the Model S and X are sourced from Panasonic in Japan [36], and cells for the
Tesla Model 3 and Y are reportedly made in Sparks [31-34]. Starting in 2017, Tesla
also began to make Model 3 electric motors [35, 37] and battery packs in Sparks. The
data after 2017 thus primarily reflects the labor intensity for assembling Model 3 and
Y vehicles, excluding electric motor manufacturing, battery cell manufacturing, and
battery pack manufacturing, with the exception of Model S/X battery packs which
presumably continued to be made on-site. When battery manufacturing workers from
Sparks, Nevada are included, labor intensity further increases to 67 WPV (Figure A2)
in 2022, reflecting an additional 50% increase in labor intensity.

Overall, Alameda highlights one example of an ICEV to BEV transition in which
each BEV took more than twice as many workers to assemble, even before considering
the additional labor needed to manufacture battery cells and electric motors. Tesla,
now with more than a decade of BEV production, has reached annual production
volumes exceeding its former ICEV counterparts. Yet, labor intensity between 2019
and 2022 (51 WPV) remained more than double that of the NUMMI plant during its
peak productivity year in 2006 (16 WPV).

5 Oakland: same plant owner, similar labor intensity

Oakland County, Michigan, is the home to the Orion Assembly plant owned by Gen-
eral Motors (GM). Before the 2008 recession, the plant produced the Chevy Malibu
and Pontiac G6 passenger sedans with a production rate peaking at ca. 456,000 per
year in 2004 (Figure 4a). Production numbers declined in the proceeding years, even-
tually reaching zero in 2008 when the plant was idled as GM declared bankruptcy [38]
(Figure 4b). As the economy recovered from the recession, the Orion plant re-opened
to produce the Buick Verano and Chevy Sonic passenger sedans [39, 40]. In 2016, GM
began to convert its assembly lines to produce the Chevy Bolt BEV [23]. By 2021, the
plant had transitioned to exclusively assembling the Bolt, with the production rate
peaking at ca. 42,000 units per year. GM ended production of the Bolt in December
2023 with plans to renovate the Orion plant to make electric trucks starting in 2025
[24]. Since 2016, vehicle assembly employment in Oakland County mirrored the vehicle
production rate: as vehicle production declined, so did employment (Figure 4c).
Data before 2016 reflects the labor intensity of ICEV assembly, which varied widely
(Figure 4d). Before the 2008 recession, labor intensity varied between 24 WPV and 35
WPYV. Following the factory shutdown in 2010, labor intensity decreased to 17 WPV.
As the plant began to make the Chevy Bolt BEV in 2016, labor intensity began to
rise. However, over the same period, the baseline national labor intensity (i.e. baseline
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Fig. 4 (a) Vehicle production history in Oakland County, Michigan, home to the Orion Township
assembly plant owned by General Motors. Before the 2008 recession, plants in the cities of Pontiac and
Wixom were also actively producing vehicles, but both plants shut down in 2010, leaving the Orion
plant as the sole operating plant in the county. In 2016, Orion began producing the Chevy Bolt BEV
alongside GM ICEVs, before exclusively producing the Bolt as of 2021. (b) Annual vehicle production
volumes. (c¢) Employment numbers, sourced via averaging two government NAICS 3361 datasets:
the U.S. Quarterly Workforce Indicators (QWI) and the U.S. Quarterly Census of Employment and
Wages (QCEW). (d) Labor intensity in Oakland compared to the U.S. average, measured in workers
needed to produce 1,000 vehicles per annum.

ICEV labor intensity) rose by a similar amount, which we attribute to a general market
shift towards larger vehicle types [41].

Oakland thus represents a case in which the transition to BEV assembly did not
appreciably change the labor intensity trajectory compared to the rest of the U.S.,
which continued to assemble mostly ICEVs during the same period. However, while the
labor intensity remained similar, the total number of jobs declined due to the reduced
vehicle production volumes (Figure 4b,c). Finally, we note that the labor intensity
corresponding to Chevy Bolt BEV assembly excludes battery pack assembly labor to



the best of our knowledge'. Battery cell manufacturing labor is also excluded since the
battery cells are manufactured off-site?. The labor intensity for the Bolt is expected
to increase if either battery pack assembly or cell manufacturing activity is included.

6 McLean: ten-fold increase in labor intensity
during BEV factory production ramp

In this final case study, we turn to McLean County, Illinois, home to the former Mit-
subishi vehicle assembly plant [44] (Figure 5). During Mitsubishi’s ownership, vehicles
produced included the Eclipse sedan and Outlander sport utility vehicle, with vehicle
production plateauing ca. 69,000 vehicles in 2014. In the same year, the plant employed
1,250 workers. In 2015, Mitsubishi shut down operations due to global competitive
pressures [45]. The plant was subsequently purchased by Rivian to be re-tooled for
assembling electric pickup trucks [46]. In 2022, Rivian produced ca. 18,000 electric
vehicles while employing 6,000 workers.

We thus calculate labor intensity in McLean to be 18 WPV during ICEV produc-
tion in 2014, compared with 316 WPV during BEV production in 2022. The high labor
intensity seen in 2022 mirrors the similarly high levels seen during Alameda’s first
five years of BEV production (Figure 3d). Both cases represent periods during which
fledgling BEV makers undergo rapid production ramp-up and in which production
levels have not yet reached a steady state. Rivian also reportedly manufactures bat-
tery packs on-site [47], contributing to an additional use of labor which is included in
the labor intensity calculation. Note, however, that battery cell manufacturing is not
factored into the labor intensity calculation to the best of our knowledge since Rivian
is reportedly using cells supplied by Samsung that are not manufactured on-site [47].

7 Discussion

7.1 More workers for BEV assembly, not fewer

The three case studies in Alameda, Oakland, and McLean counties collectively suggest
that each BEV requires just as many, if not more, workers to assemble than each ICEV.
We summarize this finding in Table 1, which compares the labor intensity before and
after the BEV transition at each transition plant. For each comparison, we report
the numbers corresponding to the year with the highest peak labor productivity (the
inverse of labor intensity). In Alameda, labor intensity rose three-fold from 16 WPV
to 46 WPV after the BEV transition. In Oakland, labor intensity rose two-fold from
17 WPV to 31 WPV. Finally, in McLean, labor intensity rose from 18 WPV to 316
WPV. In all three cases, the labor intensity increased following the BEV transition.

1Battery pack assembly occurs at a separate facility in Hazel Park, Michigan. The economic output of
the Hazel Park facility is not vehicles and is assumed to be excluded from NAICS code 3361 (motor vehicle
manufacturing)

2The battery cells for the Chevy Bolt BEV are made by LG in South Korea or Holland, Michigan[42, 43].
However, note that for newer GM BEVs, such as the Hummer EV and the Cadillac Lyriq, battery pack
assembly, and vehicle assembly are planned to occur at the same location. These new production sites are
excluded from this study since no data is available yet.
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Fig. 5 (a) Vehicle production history in McLean County, Illinois. Before 2016, Mitsubishi owned
an ICEV production plant in the town of Normal. The factory has since been purchased by Rivian,
which began producing electric SUVs and pick-up trucks in 2021. (b) Annual vehicle production
volumes. (c) Employment numbers, sourced via news reports because government NAICS 3361 data
was suppressed for McLean County. (d) Labor intensity in McLean compared to the U.S. average,
measured in workers needed to produce 1,000 vehicles per annum.

Alameda highlighted a labor scenario for a maturing BEV assembly process. After
ten years of BEV production, labor intensity in Alameda remained more than twice
as high compared to its ICEV counterparts. McLean showed how labor intensity may
increase ten-fold during the early years of vehicle production ramp towards volume
production, especially for a new automaker. Oakland highlighted a case in which the
labor intensity for making BEVs was no different from the baseline labor intensity for
making ICEVs around the U.S. during the same time period.

7.2 Explaining higher labor intensity in BEV assembly

We postulate several factors that may influence the labor intensity of BEV assembly:
the degree of investment in manufacturing technology development, the higher com-
plexity of premium-class vehicles, and the extent of vertical integration. These factors
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ICEV Assembly

BEV Assembly

Alameda, CA

Owner NUMMI Tesla
Vehicle models Tacoma, Corolla, Vibe Model S/X/3/Y
Peak productivity year 2006 2019
Production volume 429,000 364,000
Employment 6,700 16,700
Labor intensity 16 WPV 46 WPV
Includes pack assembly? — Some*
Includes cell manuf.? — No

Oakland, MI
Owner
Vehicle models

General Motors
Sonic, Verano, Malibu

General Motors
Chevy Bolt EV

Peak productivity year 2013 2022
Production volume 159,000 42,000
Employment 2,600 1,200
Labor intensity 17 WPV 31 WPV
Includes pack assembly? — No
Includes cell manuf.? — No
McLean, IL
Owner Mitsubishi Rivian
Vehicle models  Outlander, Galant, Eclipse R1T, R1S
Peak productivity year 2014 2022
Production volume 69,000 18,000
Employment 1,300 5,500
Labor intensity 18 WPV 316 WPV
Includes pack assembly? — Yes
Includes cell manuf.? — No

Table 1 More workers per vehicle needed for BEV assembly for all three
counties studied. Production volume, employment numbers, and labor
intensity correspond to the year of minimum labor intensity. The lists of
vehicle models highlight certain high-volume production models and are not
exhaustive. (*) Battery pack assembly for Model S and X reportedly took
place in Alameda [30]; Battery pack assembly for Model 3 and Y reportedly
took place offsite in Gigafactory 1 located in Sparks, Nevada [31-35].

may explain why the labor intensity for BEV assembly today exceeds the labor inten-
sity of past ICEV assembly, and, furthermore, why labor intensity outcomes are not
uniform but vary by region. We discuss each of these factors in turn.

Investment in manufacturing technology development. Increased levels of invest-
ment in technology development have the counter-intuitive effect of suppressing
near-term labor productivity as companies hire a larger workforce to improve the
technology. Such may be the case in Alameda, where Tesla’s investment in BEV man-
ufacturing technology [48] has resulted in a workforce of salaried engineers who are
co-located within the assembly plant [49]. This claim is corroborated by government
occupation data, which shows that engineering occupations accounted for 7% of total
assembly employment in California in 2021 compared to 5% at the national level and
3% in Michigan (Table Al). Wages data tells a similar story: the average income of
assembly workers in Alameda, CA, more than doubled from 2013 to 2021, indicating
a growing presence of high-paid engineering occupations. Comparatively, in Oakland,
MI, the average income increased by only 20% over the same period. We note that

11



the presence of the engineering and other non-production workforce does not appear
to be the major driver of the increase in labor intensity of BEV assembly compared
to ICEV assembly in Alameda. Even under the extreme assumption that all workers
in Alameda prior to the BEV transition were strictly in production roles, Alameda’s
BEV labor intensity in 2021 would remain over 30 WPV, twice as high as during peak
ICEV production in 2006°.

Vehicle complezity. First-time BEV makers tend to produce and sell premium-
class vehicles before they produce and sell economy-class vehicles. For example, the
first mass-produced BEVs from Tesla (Model S) and Rivian (R1T) are both premium-
class vehicles that sell for more than $80,000 USD*. By comparison, before the BEV
transition, the median sales price of ICEVs produced at the same plants was only
$28,000 USD, since production was dominated by mass-market vehicles such as the
Toyota Tacoma and the Mitsubishi Outlander (Figure A3). The present-day bias
towards more premium-class BEVs may thus partly explain the higher labor intensity
observed for BEV assembly currently. As BEV manufacturers move towards offering
more economy-class BEVs, labor intensity may yet decrease. This trend may already
be seen in Oakland, where the Chevy Bolt EV’s median sales price nearly matched
that of its ICEV predecessors, as did labor intensity.

Vertical integration. The rise in BEV labor productivity also parallels a growing
industry trend towards consolidating workers who have historically worked off-site (i.e.
at the site of parts suppliers) but who now work within the assembly plant (Figure
A4). This consolidation is most clearly evident in Alameda, where Tesla has chosen to
design and manufacture many vehicle components in-house, including electric motors
[50], semiconductors [30], and seats [51]. In contrast, legacy automakers, over a period
between the late 1990s and early 2000s, have opted for a strategy of outsourcing in
which many vehicle components, such as the engine and transmission, are designed and
manufactured off-site by parts suppliers [48, 52]. Consequently, parts manufacturing
workers (e.g. engine and transmission manufacturing workers) that supported vehicle
assembly tended not to be co-located at the site of vehicle assembly [53]. A transi-
tion to BEVs does not necessarily guarantee that an automaker will move towards
greater vertical integration. For example, in the Oakland assembly plant, GM report-
edly assembled battery packs off-site, so the workers for battery pack assembly are
not included from our measure of labor intensity for the Chevy Bolt.

7.3 Parts manufacturing

While this study focused on the trajectory of automotive assembly jobs, the fate of
automotive parts manufacturing jobs warrants further study. Parts manufacturing
jobs comprised 66% of all auto manufacturing jobs in the U.S. in 2022 (Figure 1). For
some parts manufacturing activities such as electrical, steering, suspension, brakes,
seats, and interior trim, worker demand will persist within the context of BEV pro-
duction. However, disruption in transmission and engine-related parts manufacturing
jobs is expected since these components are simplified or absent in BEV powertrains

3This calculation assumes that Alameda’s share of production workers in 2021 was equal to California’s
statewide average.
4Inflation-adjusted to 2023 USD.
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[54]. Engine manufacturing jobs will especially be impacted, considering the lack of
combustion engines in BEVs.

In the U.S., engine manufacturing jobs accounted for 7% of all U.S. auto manufac-
turing jobs in 2022, or 56,486 workers. With the BEV transition, these workers face
job losses but also the opportunity for re-employment in other parts of the BEV value
chain. The most immediate source of worker re-employment is in battery cell manufac-
turing which accounts for up to 75% of the total labor intensity for producing a BEV
powertrain [19]. Employment data on existing BEV OEMSs also suggests that battery
cell manufacturing including pack assembly can increase labor needed per BEV by
over 50% (Figure A2 and Table A2)°. Ultimately, whether new jobs in battery cell
manufacturing will replace lost jobs in automotive parts manufacturing depends on
the labor intensity needed to make battery cells, the geographical co-location of jobs,
and skills [55-58], which should be further investigated (Figure B5).

7.4 Outlook

Our study challenges the narrative that BEVs require 30% less labor to assemble
than ICEVs. The observed data in three transition plants indicates that BEVs are
more labor intensive to assemble than ICEVs, rather than less. These results suggest
that the path towards greater BEV manufacturing will require a workforce size at
the assembly plant that matches or exceeds the size of the ICEV workforce. The
demand for workers at BEV assembly sites is spurred by a continued need to innovate
and improve upon existing BEV manufacturing technology, a drive towards greater
vertical integration, and the present-day tendency towards the production of higher-
cost BEVs. Our analysis suggests that rapid, widespread job displacement during the
BEV transition is a smaller risk than many fear.

8 Methods
8.1 Vehicle Production Data

Vehicle production data V' was obtained from the Automotive News Research & Data
Center [25], which collates North American light-duty (i.e., passenger vehicles and
pick-up trucks) vehicle sales, production, and inventory data on a monthly basis and
organizes the data by automaker, vehicle make and model, and manufacturing plant
location. Only vehicle production in the U.S. was considered for this work. Electric
vehicle models were manually identified by cross-referencing publicly available lists
of BEV makes and models. The counties in which manufacturing plants reside were
manually identified using the counties’ Federal Information Processing System (FIPS)
codes to enable linking vehicle production data with county-level employment data
(see Section 8.2).

5In 2022, Alameda employed 22,000 workers for vehicle assembly, and in the same year, Tesla and Pana-
sonic Energy of North America (the cell supplier) jointly employed 12,000 workers to manufacture cells and
assemble battery packs. In other words, for every two workers needed to assemble a BEV, an additional
worker is needed to manufacture the battery cells and build the battery pack.
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8.2 Employment Data

County-level automotive manufacturing employment data W was sought from two
government data sources, the Quarterly Census of Employment and Wages (QCEW)
and the Quarterly Workforce Indicators (QWT), as well as from local news reports.

The QCEW dataset, administered by the U.S. Bureau of Labor Statistics (BLS),
comprises a quarterly count of employment and wages for workers covered by unem-
ployment insurance programs, which totals more than 95% of U.S. workers [59]. The
data is aggregated and classified by industry according to the North American Industry
Classification System (NAICS), and provided for county, metropolitan statistical area
(MSA), state, and national levels. This dataset provides employment data at the level
of an “establishment”, defined as a single physical worksite engaged predominantly in
one type of economic activity, e.g., making automotive vehicles.

The QWI dataset is administered by the U.S. Census Bureau and consists of
administrative data from the Longitudinal Employer-Household Dynamics (LEHD)
program, including Unemployment Insurance Wage Records, data from the Census
Bureau, and data from the Office of Personnel Management (OPM). This allows the
QWI dataset to provide both firm-level and worker-level data. The QWI data covers
more than just those eligible for unemployment insurance benefits and includes all
employers and their employees for which the administrative records are available. It
provides detailed breakdowns by industry (using NAICS) and worker demographics
(gender, age, education, race, and ethnicity), as well as earnings and various measures
of job and worker flows. Unlike QCEW, which focuses on the establishment level,
QWI produces insights into both the employer side (job creation, destruction, etc.)
and employee side (turnover rates, accessions, separations) of labor dynamics.

This work sought national, state-level, and county-level employment data from
both QCEW and QWI under NAICS code 3361, which corresponds to Motor Vehi-
cle Manufacturing and encompasses assembly workers. Parts manufacturing labor is
excluded from these counts because it has its own distinct NAICS code. Occupation
data from the Occupational Employment and Wage Statistics (OEWS) program of
BLS was used to confirm that approximately 60-80% of NAICS 3361 workers are in
production occupations (Standard Occupational Classification code 51-0000, which
includes assemblers and fabricators), depending on the region of the U.S. For refer-
ence, Table A1l summarizes occupation-industry data for NAICS 3361 in Michigan,
California, and the U.S.

As described in Section 8.3, NAICS 3361 data was sometimes suppressed at the
county level from QCEW, QWI, or both databases. For this reason, local news reports,
found via internet searches, provided another independent estimate of employment
data for specific automotive factory sites. This data was used to substitute employment
data if QCEW and QWI data were both suppressed, or to corroborate available QCEW
and QWI data. Table 2 summarizes which data sources were used for each of the three
counties.
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County | QCEW (Gov) QWI (Gov) News | Notes

Alameda v v QCEW data was suppressed
Oakland v v Average of QCEW and QWTI data was used
McLean v QCEW and QWI data were both suppressed

Table 2 Summary of data sources used to study employment in the three transition counties.

8.3 Limitations

Regional (state-level and county-level) employment data for a particular industry is
often suppressed by QCEW and QWI databases to maintain employer anonymity.
This most often occurs when a single large employer comprises a majority of the data
for a particular industry in a particular region. See Table 2 for a description of the
suppression instances relevant to this work. Using two government databases as well
as local news reports ensured a sufficient level of redundancy to circumvent these
suppression instances. In most cases, the employment numbers from these data sources
agree with each other, improving confidence in the reported numbers.

Another limitation is that employment data corresponding to NAICS code 3361
covers both light- and heavy-duty vehicle manufacturing employment. The vehicle pro-
duction data from Automotive News only covers light-duty vehicles, so combining the
two datasets requires assuming a negligible volume of heavy-duty vehicle manufactur-
ing presence within the selected counties. NAICS sub-code 33611 covers employment
specifically for light-duty manufacturing, but that data is suppressed for the states
and counties examined for this work.

Additionally, there are discontinuities in the WPV calculations shown in Fig. 3-5.
These discontinuities correspond to periods of zero and extremely low vehicle produc-
tion. For Alameda and McLean, periods of zero vehicle production occurred during
ownership transition from their respective ICE-making to BEV-making companies.
For Oakland, this period occurred during the Great Recession. We also observed that
in each county, such a small number of vehicles were produced in the first year resum-
ing production that the WPV metric disproportionately inflated for that year. Thus,
for each county, we discard labor intensity calculation for the time period in which
zero vehicles were produced, plus the first subsequent year that production resumed.

We also acknowledge that another common metric for labor intensity is hours
worked per vehicle. While the data on hours worked is available at the national level
through surveys such as Current Employment Statistics (CES), county-level data is
not made public by government agencies. For this reason, we chose to report labor
intensity in units of workers per vehicle. From workers per vehicle, hours worked per
vehicle can be approximated using the formula:

W xt

HPV = (2)
where HPV is the hours worked per vehicle, W is the number of workers, V is the
total vehicles produced, and ¢ is the annualized hours worked per worker. The time
input ¢ can be estimated to be 2,236 hours, assuming an average of 43 hours worked
per week for vehicle manufacturing workers according to BLS [60].
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Acknowledgements

The authors thank Kristin Daziczek for her insights and guidance on the auto manu-
facturing landscape in Michigan. The authors also thank Katelyn Freese and Katerina
Freudenberg for their assistance with processing vehicle production data. We also
appreciate help from Rebecca Gao for editing the manuscript.

Author Contributions

A.W.: conceptualization; methodology; writing - original draft; writing - review and
editing; visualization. O.Y.A: methodology; software; investigation; data curation;
visualization; writing - original draft; writing - review and editing. G.E.: methodol-
ogy; writing - review and editing. A.S: conceptualization; writing - review and editing;
funding acquisition; project administration.

Glossary of Terms

BEV Battery Electric Vehicle

GM General Motors

ICEV Internal Combustion Engine Vehicle

OEWS Occupational Employment and Wage Statistics
NAICS North American Industry Classification System
NUMMI New United Motors Manufacturing Inc.
QCEW  Quarterly Census of Employment and Wages
QWI Quarterly Workforce Indicators

16


annastef@umich.edu

References

[1]

International Labor Organization: COVID-19 and the automotive industry. Tech-
nical report, International Labour Organization, Sectoral Policies Department
(April 2020)

U.S. Bureau of Labor Statistics: Automotive Industry: Employment, Earn-
ings, and Hours. https://www.bls.gov /iag/tgs/iagauto.htm. Accessed: 2023-10-16
(2023)

Klier, T., Rubenstein, J.: Charging Ahead—The Electrification of the Auto Indus-
try. https://www.chicagofed.org/publications/blogs/chicago-fed-insights/2021/
charging-ahead-electrification-auto-industry. Accessed: 2024-3-13 (2021)

International Energy Agency: Corporate strategy — Global EV Out-
look 2023 — Analysis. https://www.iea.org/reports/global-ev-outlook-2023/
corporate-strategy. Accessed: 2023-10-24 (2023)

Committee on Assessment of Technologies for Improving Fuel Economy of Light-
Duty Vehicles-Phase: Assessment of technologies for improving Light-Duty vehicle
fuel economy—2025-2035. Technical report, National Academies of Sciences
(2021)

UAW Research Department: Taking the high road: Strategies for a fair EV future.
Technical report, UAW (January 2020)

Emden, J., Murphy, L.: COP26: A just transition? — workshop summary.
Technical report, Institute for Public Policy Research (January 2022)

Romero-Lankao, P., Rosner, N., Brandtner, C., Rea, C., Mejia-Montero, A., Pilo,
F., Dokshin, F., Castan-Broto, V., Burch, S., Schnur, S.: A framework to centre
justice in energy transition innovations. Nature Energy, 1-7 (2023)

Just Transition Initiative: A framework for just transitions. Technical report,
Center for Strategic & International Studies, Climate Investment Funds (January
2021)

Lim, J., Aklin, M., Frank, M.R.: Location is a major barrier for transferring US
fossil fuel employment to green jobs. Nat. Commun. 14(1), 5711 (2023)

Laska, A., Hughes-Cromwick, E.: Electric vehicles: Policies to help america lead.
Technical report, Third Way (November 2022)

Ford Motor Company: Ford motor company - CEO strategic update. Technical
report, Ford Motor Company (October 2017)

Vellequette, L.P.: VW accelerates electric push with more models, more produc-
tion. Technical report, Automotive News (March 2019)

17


https://www.bls.gov/iag/tgs/iagauto.htm
https://www.chicagofed.org/publications/blogs/chicago-fed-insights/2021/charging-ahead-electrification-auto-industry
https://www.chicagofed.org/publications/blogs/chicago-fed-insights/2021/charging-ahead-electrification-auto-industry
https://www.iea.org/reports/global-ev-outlook-2023/corporate-strategy
https://www.iea.org/reports/global-ev-outlook-2023/corporate-strategy

[14]

[15]

[16]

[22]

[23]

[25]

Levin, T.: Ford is slashing thousands of jobs as it goes electric. experts say a tidal
wave of layoffs will rock the industry as it undergoes a seismic shift. Business
Insider (2022)

Charette, R.N.: How EVs are reshaping labor markets. Technical report, IEEE
Spectrum (January 2023)

Fichera, A.: Trump autoworkers speech fact check: What of electric vehicles? The
New York Times (2023)

Barrett, J., Bivens, J.: The stakes for workers in how policymakers manage the
coming shift to all-electric vehicles. Technical report, Economic Policy Institute
(September 2021)

Kiipper, D., Kuhlmann, K., Tominaga, K., Arora, A., Schlageter, J.: Shifting gears
in auto manufacturing. Technical report, Boston Consulting Group (September
2020)

Cotterman, T., Fuchs, E.R.H., Whitefoot, K.: The transition to electrified vehi-
cles: Evaluating the labor demand of manufacturing conventional versus battery
electric vehicle powertrains (2022)

Cotterman, T.L.: Technology transitions in the electricity and automotive sec-
tors: Embracing political, social, and economic constraints. PhD thesis, Carnegie
Mellon University, Ann Arbor, United States (2022)

Sakti, A., Azevedo, I.M.L., Fuchs, E.R.H., Michalek, J.J., Gallagher, K.G.,
Whitacre, J.F.: Consistency and robustness of forecasting for emerging technolo-
gies: The case of li-ion batteries for electric vehicles. Energy Policy 106, 415-426
(2017)

Funk, P., Davis, A., Vaishnav, P., Dewitt, B., Fuchs, E.: Individual inconsistency
and aggregate rationality: Overcoming inconsistencies in expert judgment at the
technical frontier. Technol. Forecast. Soc. Change 155, 119984 (2020)

Burden, M.: GM Orion readies for Chevy Bolt EV production. https:
//www.detroitnews.com/story/business/autos/general-motors/2016,/09/13/
gm-orion-readies-chevy-bolt-ev-production/90294594/.  Accessed:  2024-3-4
(2016)

Noble, B., Hall, K. GM laying off hundreds of work-
ers as Chevrolet Camaro, Bolt production end. https://
www.detroitnews.com/story /business/autos/chrysler/2023/12/14/
gm-layoffs-autoworkers-uaw-chevrolet-camaro-bolt-production-end/
71923598007/. Accessed: 2024-3-4 (2023)

Automotive News: Automotive News Research & Data Center. Title of the

18


https://www.detroitnews.com/story/business/autos/general-motors/2016/09/13/gm-orion-readies-chevy-bolt-ev-production/90294594/
https://www.detroitnews.com/story/business/autos/general-motors/2016/09/13/gm-orion-readies-chevy-bolt-ev-production/90294594/
https://www.detroitnews.com/story/business/autos/general-motors/2016/09/13/gm-orion-readies-chevy-bolt-ev-production/90294594/
https://www.detroitnews.com/story/business/autos/chrysler/2023/12/14/gm-layoffs-autoworkers-uaw-chevrolet-camaro-bolt-production-end/71923598007/
https://www.detroitnews.com/story/business/autos/chrysler/2023/12/14/gm-layoffs-autoworkers-uaw-chevrolet-camaro-bolt-production-end/71923598007/
https://www.detroitnews.com/story/business/autos/chrysler/2023/12/14/gm-layoffs-autoworkers-uaw-chevrolet-camaro-bolt-production-end/71923598007/
https://www.detroitnews.com/story/business/autos/chrysler/2023/12/14/gm-layoffs-autoworkers-uaw-chevrolet-camaro-bolt-production-end/71923598007/

publication associated with this dataset: Automotive News (2023)
Austenfeld, J.R.B.: NUMMI - the great experiment. Technical report (2007)

Shaiken, H.: Commitment is a Two-Way street: Toyota, california and NUMMI.
Technical Report 202-10, Institute for Research on Labor and Employment, UC
Berkeley (2010)

Troncoso, J.N.: End of the line: Reassembling the legacy of NUMMI, the american
middle class in the era of globalization and recession. PhD thesis, University of
California, Berkeley (2012)

Johnston, A NUMMI, five  years later: Picking up  the
pieces. https://www.kalw.org/show/crosscurrents/2015-06-01/
nummi-five-years-later-picking-up-the-pieces. Accessed: 2023-10-26 (2015)

Cohen, J.: An Automotive Insider’s Tour Of The Tesla Fremont Factory. https://
cleantechnica.com/2014/06 /25 /automotive-insiders-tour-tesla-fremont-factory /.
Accessed: 2023-12-5 (2014)

Field, K.: Tesla Model 3 Battery Pack Cell Teardown Highlights
Performance Improvements. https://cleantechnica.com/2019/01/28/
tesla-model-3-battery-pack-cell-teardown-highlights- performance-improvements/.
Accessed: 2023-12-4 (2019)

Hawley, G.: Understanding Tesla’s lithium ion batteries. https://evannex.
com/blogs/news/understanding-teslas-lithium-ion-batteries. Accessed: 2023-12-4
(2023)

Kane, M.: What Batteries Are Tesla Using In Its Electric Cars? https://
insideevs.com/news/587455 /batteries-tesla-using-electric-cars/. Accessed: 2023-
12-4 (2022)

The Tesla Team: Battery Cell Production Begins at the Gigafactory. https://
www.tesla.com/blog/battery-cell-production-begins-gigafactory. Accessed: 2023-
12-4 (2017)

Korosec, K.: Tesla Will Make Electric Motors for the Model
3 at Its Massive  Gigafactory.  https://fortune.com/2017/01/17/
tesla-model-3-motor-gigafactory/. Accessed: 2023-12-4 (2017)

The Tesla Team: Panasonic Enters into Supply Agreement with Tesla Motors
to Supply Automotive-Grade Battery Cells. https://www.tesla.com/blog/

panasonic-enters-supply-agreement-tesla-motors-supply-automotivegrade-battery-c.

Accessed: 2023-12-4 (2011)

19


https://www.kalw.org/show/crosscurrents/2015-06-01/nummi-five-years-later-picking-up-the-pieces
https://www.kalw.org/show/crosscurrents/2015-06-01/nummi-five-years-later-picking-up-the-pieces
https://cleantechnica.com/2014/06/25/automotive-insiders-tour-tesla-fremont-factory/
https://cleantechnica.com/2014/06/25/automotive-insiders-tour-tesla-fremont-factory/
https://cleantechnica.com/2019/01/28/tesla-model-3-battery-pack-cell-teardown-highlights-performance-improvements/
https://cleantechnica.com/2019/01/28/tesla-model-3-battery-pack-cell-teardown-highlights-performance-improvements/
https://evannex.com/blogs/news/understanding-teslas-lithium-ion-batteries
https://evannex.com/blogs/news/understanding-teslas-lithium-ion-batteries
https://insideevs.com/news/587455/batteries-tesla-using-electric-cars/
https://insideevs.com/news/587455/batteries-tesla-using-electric-cars/
https://www.tesla.com/blog/battery-cell-production-begins-gigafactory
https://www.tesla.com/blog/battery-cell-production-begins-gigafactory
https://fortune.com/2017/01/17/tesla-model-3-motor-gigafactory/
https://fortune.com/2017/01/17/tesla-model-3-motor-gigafactory/
https://www.tesla.com/blog/panasonic-enters-supply-agreement-tesla-motors-supply-automotivegrade-battery-c
https://www.tesla.com/blog/panasonic-enters-supply-agreement-tesla-motors-supply-automotivegrade-battery-c

[37] Lambert, F.: Tesla is building new ‘drive unit production lines’ at the Gigafac-
tory, will not only manufacture battery packs. https://electrek.co/2016/10/
15 /tesla-drive-unit-production-lines-gigafactory-model-3/. Accessed: 2023-12-5
(2016)

[38] Goldstein, A.: Janesville: An American Story. Simon & Schuster (2017)

[39] Vlasic, B.: With sonic, G.M. stands automaking on its head. The New York Times
(2011)

[40] Nadrowski, K. Orion Assembly Site. https://web.archive.org/web/
20110523235653 /http://media.gm.com/content /media/us/en/news/news_detail.
detail.brand_GM.html/content/Pages/news/Plant_Facts/Assembly /Orion.
Accessed: 2023-12-5 (2011)

[41] Hula, A., Maguire, A., Bunker, A., Rojeck, T., Harrison, S.: The 2023 EPA
automotive trends report. Technical Report EPA-420-R-23-033, United States
Environmental Protection Agency (December 2023)

[42] Motors, G.: Chevrolet Bolt EV Battery Production Resumes. https://news.
gm.com /newsroom.detail.html/Pages/news/us/en /2021 /sep/0920-bolt.html.
Accessed: 2023-12-5 (2021)

[43] Motors, G.: Chevrolet Bolt EV Battery Production Resumes. https:
//media.chevrolet.com/media/us/en/chevrolet /home.detail.html/content /
Pages/news/us/en/2021/sep/0920-bolt.html. Accessed: 2023-12-6 (2021)

[44] Motors, M.: Mitsubishi Motors North America, Inc. - Manufacturing Division.
https://web.archive.org/web/20060506083640/http://media.mitsubishicars.
com/detail?mid=MIT2004101847405&mime=ASC. Accessed: 2023-12-5 (2004)

[45] Yerak, B., Cancino, A.: Mitsubishi closing normal plant in illinois, ending U.S.
production. Chicago Tribune (2015)

[46] The Detroit News: Rivian builds electric pickup truck and SUV. The Detroit
News (2022)

[47] Weintraub, S.: Rivian RI1T first drive: Easily the best pickup I've
ever driven, both off-road and on. https://electrek.co/2021/09/28/
rivian-r1t-first-drive-easily-the-best-pickup-ive-ever-driven-both-off-road-and-on/.
Accessed: 2023-12-6 (2021)

[48] Cutcher-Gershenfeld, J., Brooks, D., Mulloy, M.: The decline and resurgence of
the U.S. auto industry. Technical Report 399, Economic Policy Institute (May
2015)

[49] Furr, N., Dyer, J.: Lessons from tesla’s approach to innovation. Harvard Business

20


https://electrek.co/2016/10/15/tesla-drive-unit-production-lines-gigafactory-model-3/
https://electrek.co/2016/10/15/tesla-drive-unit-production-lines-gigafactory-model-3/
https://web.archive.org/web/20110523235653/http://media.gm.com/content/media/us/en/news/news_detail.detail.brand_GM.html/content/Pages/news/Plant_Facts/Assembly/Orion
https://web.archive.org/web/20110523235653/http://media.gm.com/content/media/us/en/news/news_detail.detail.brand_GM.html/content/Pages/news/Plant_Facts/Assembly/Orion
https://web.archive.org/web/20110523235653/http://media.gm.com/content/media/us/en/news/news_detail.detail.brand_GM.html/content/Pages/news/Plant_Facts/Assembly/Orion
https://news.gm.com/newsroom.detail.html/Pages/news/us/en/2021/sep/0920-bolt.html
https://news.gm.com/newsroom.detail.html/Pages/news/us/en/2021/sep/0920-bolt.html
https://media.chevrolet.com/media/us/en/chevrolet/home.detail.html/content/Pages/news/us/en/2021/sep/0920-bolt.html
https://media.chevrolet.com/media/us/en/chevrolet/home.detail.html/content/Pages/news/us/en/2021/sep/0920-bolt.html
https://media.chevrolet.com/media/us/en/chevrolet/home.detail.html/content/Pages/news/us/en/2021/sep/0920-bolt.html
https://web.archive.org/web/20060506083640/http://media.mitsubishicars.com/detail?mid=MIT2004101847405&mime=ASC
https://web.archive.org/web/20060506083640/http://media.mitsubishicars.com/detail?mid=MIT2004101847405&mime=ASC
https://electrek.co/2021/09/28/rivian-r1t-first-drive-easily-the-best-pickup-ive-ever-driven-both-off-road-and-on/
https://electrek.co/2021/09/28/rivian-r1t-first-drive-easily-the-best-pickup-ive-ever-driven-both-off-road-and-on/

[50]

[51]

[59]

[60]

Review (2020)

Bellon, T., White, J.: Focus: Build or buy? automakers chasing tesla rethink
dependence on suppliers. Reuters (2022)

Field, K.: Behind The Scenes At Tesla’s Seat Factory —
#CleanTechnica Field Trip. https://cleantechnica.com/2019/04/27/
behind-the-scenes-at-teslas-seat-factory/. Accessed: 2023-12-4 (2019)

Chen, Y., Chowdhury, S.D., Donada, C.: Mirroring hypothesis and integrality:
Evidence from tesla motors. J. Eng. Tech. Manage. 54, 41-55 (2019)

Herrigel, G., Wittke, V.: Varieties of vertical disintegration: The global trend
toward heterogeneous supply relations and the reproduction of difference in US
and german manufacturing. Industry Studies Association 2004-15 (2004)

Ruyter, A., Weller, S., Henry, I., Rainnie, A., Bentley, G., Nielsen, B.: Enabling
a just transition in automotive: Evidence from the west midlands and south
australia. Technical report, The British Academy (June 2022)

Krusemark, L., Ganguly, S., Harp, T., Kulicki, A., Smith, C., Prasad, K.V.: Exam-
ining workforce needs for north america: Battery industry education and training

needs assessment (BIETNA). Technical report, Center for Automotive Research
(2024)

Combemale, C., Whitefoot, K.S., Ales, L., Fuchs, E.R.H.: Not all technological
change is equal: how the separability of tasks mediates the effect of technology
change on skill demand. Ind Corp Change 30(6), 1361-1387 (2022)

Weaver, A., Osterman, P.: Skill demands and mismatch in U.S. manufacturing.
ILR Review 70(2), 275-307 (2017)

Cotterman, T., Fuchs, E.R.H., Small, M.J., Whitefoot, K.: The Transition to
Electrified Vehicles: Implications for the Future of Automotive Manufacturing
and Worker Skills and Occupations (2022)

Sadeghi, A.: The births and deaths of business establishments in the united states.
Mon. Labor Rev. December 2008(1), 1-18 (2008)

U.S. Bureau of Labor Statistics: Automotive Industry: Employment, Earn-
ings, and Hours. https://www.bls.gov /iag/tgs/iagauto.htm. Accessed: 2023-10-26
(2022)

Federal Reserve Bank of St. Louis: Consumer Price Index for All Urban
Consumers: New Vehicles in U.S. City Average (2024)

Campagnol, N., Pfeiffer, A., Tryggestad, C.: Capturing the battery value-chain
opportunity. Technical Report 1, McKinsey & Company (January 2022)

21


https://cleantechnica.com/2019/04/27/behind-the-scenes-at-teslas-seat-factory/
https://cleantechnica.com/2019/04/27/behind-the-scenes-at-teslas-seat-factory/
https://www.bls.gov/iag/tgs/iagauto.htm

[63] Lambert, F.: Tesla Gigafactory 1 now employs over 3,000 workers as it
becomes biggest battery factory in the world. https://electrek.co/2018/08/21/
tesla-gigafactory-1-3000-workers/. Accessed: 2023-12-11 (2018)

[64] Knehr, K.W., Kubal, J.J., Nelson, P.A.,; Ahmed, S.: Battery performance and
cost modeling for electric vehicles - a manual for BatPaC v5.0. Technical Report
ANL/CSE-22/1, Argonne National Laboratory (July 2022)

22


https://electrek.co/2018/08/21/tesla-gigafactory-1-3000-workers/
https://electrek.co/2018/08/21/tesla-gigafactory-1-3000-workers/

Appendix A Supplemental Figures
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Fig. A1 U.S.-level vehicle production (a), assembly workers (b), and labor intensity (c). Vehicle
production data was obtained from the Automotive News Research & Data Center, while employment
data was obtained from QCEW.
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Fig. A2 Battery cell and pack manufacturing increases the labor intensity of making BEVs. (a)
Annual vehicle production volume in Alameda, CA. (b) Employment in Alameda, CA and Sparks,
NV, based on news reports (see Table A2). Employment in Sparks, NV, reflects additional workers
for battery cell and pack manufacturing at Tesla Gigafactory 1. Data is shown only when Alameda
and Sparks data are available for the same production year. (¢) Comparison of labor intensity (WPV)
with and without including workers from Sparks, NV.
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Fig. A3 Comparison of vehicle sales prices (MSRP) in Alameda (a), Oakland (b), and McLean (c).
Dollar values are inflation-adjusted to 2023 dollars based on the Consumer Price Index (CPI) for
U.S. new vehicles [61]. MSRP for all available vehicle trims are shown.
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Vertical integration: more workforce co-location at site of vehicle assembly
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Fig. A4 Concept illustration: vertical integration creates more workforce co-location at the site
vehicle assembly.

| Location 2013 2021
California (State) 66% 62%
% of NAICS 3361 workers in production Michigan (State) 74% 81%
U.S. 74% 76%
California (State) 1% 7%
% of NAICS 3361 workers in engineering | Michigan (State) 5% 3%
U.s. 5% 5%
Alameda, CA $6,243  $16,462
NAICS 3361 average monthly pay Oakland, MI $7,557  $8,907
US. $6,660  $6,864

Table A1l Proportion of NAICS 3361 workers in production (SOC code 51-0000)
and architecture/engineering occupations (SOC code 17-0000), and average monthly
pay of NAICS 3361 workers for California, Michigan, and the U.S. Occupation data
was obtained from the Occupational Employment and Wage Statistics (OEWS).
Income data for Alameda, CA was obtained from QWI. Income data for Oakland, MI
was obtained from averaging QWI and QCEW data. Income data for the U.S. was
obtained from QCEW.

25



Location Date News Source Reported Employment
Tesla (Alameda) Jun 2012 SFGATE 1,000
Jul 2013 Wired 3,000
Jun 2016  TheCountryCaller 6,000
Oct 2017  The Mercury News 10,000
Mar 2019  Forbes 15,000
Jun 2022  Tesla 22,000
Tesla/PENA (Sparks) 2016 Electrek 850
2017 Electrek 3,249
2018 The Associated Press 7,059
2022 Tesla 12,000
NUMMI (Alameda) Jan 2002 SFGATE 5,739
Mar 2006 East Bay Times 5,500
Apr 2010  Recordnet.com 4,700
Rivian (Normal) Oct 2021 WGLT 3,000
Apr 2022 CIPROUD 5,000
Jun 2022  Energy News Network 5,600
Jul 2022  CIPROUD 6,000
Mar 2023 WGLT 7,400
Mitsubishi (Normal) 2004 Chicago Tribune 3,150
2014 Local Wiki 1,250
2015 Chicago Tribune 1,280
2016 WQADS 1,200
GM (Orion) 2013 CarGroup.org 2,561
2022 GM 1,238
2023 Wards Auto 1,270

Table A2 List of news reports used to corroborate factory employment numbers.
PENA: Panasonic Energy of North America.
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Appendix B Workers per GWh

McKinsey reported that, on average, new battery factories add approximately 80 jobs
for every GWh of capacity, i.e. 80 workers per GWh [62]. This number carries some
uncertainty since differences in value-chain coverage, e.g. battery-cell production only
versus local module and pack production or co-location of R&D facilities, are unclear.

Tesla’s Gigafactory 1 reportedly employed 3,249 people when the factory was pro-
ducing 20 GWh of annual output [63]. Among these workers, 1,201 were employed by
Panasonic, the main battery cell manufacturer, 93 are employed by Heitkamp & Thu-
mann Group (H&T), a battery cell can supplier, and 1,955 were employed by Tesla.
Assuming those employed by Panasonic and H&T are responsible for battery cell man-
ufacturing, we infer that 1,294 workers are involved with producing 20 GWh of annual
output, or 65 workers per GWh. If the employees from Tesla are included, then
the calculation yields 162 workers per GWh.

The BatPaC v5.0 baseline factory model reported an annual labor of 3,876,000
hours per year to produce 50 GWh of output [64]. Assuming each worker works 2,236
hours per year and (equivalent to a 43-hour work-week, the U.S. average for automotive
manufacturing [60]), this amounts to 35 workers per GWh.

Cotterman et al. [19] reported labor intensity per BEV powertrain assuming a
60kWh battery pack which varied depending on the data source and whether the labor
was broken down between cell and pack/module assembly. For data sources where this
breakdown was available, labor intensity ranged between 11 to 16 hours per 60kWh for
industry data sources and 6 to 15 hours per 60kWh for public data sources. Assuming
again 2,236 hours per year worked per worker, the range of labor demand is equivalent
to 44 to 119 workers per GWh.
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Fig. B5 Comparison of engine manufacturing parts jobs in 2022 against projected battery cell
manufacturing jobs assuming 100% BEV uptake and under various assumptions of jobs per GWh.
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