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Biomanufacturing provides the United States with
significant opportunities to reduce supply chain
vulnerabilities and enhance its industrial and
military capabilities. A technology which uses living
systems (e.g., microorganisms, cells, and plants) to
produce critical materials at scale, biomanufacturing
is one of six U.S. Department of Defense Critical
Technology Areas. 

As federal and private investments rapidly expand
U.S. biomanufacturing capacity, experts report a
shortage of skilled workers, limiting the nation’s
ability to scale up biomanufacturing production.
The industry requires workers with specialized skills
and proficiency in regulated production
environments, quality control, and advanced
processes. Industry leaders agree that talent
development efforts must broaden the technician
talent pool by reducing bachelor’s degree
requirements at hiring and increasing applied
learning and work opportunities. To this end, U.S.
biomanufacturing hubs need to expand short-term,
standardized, employer-led training. 
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This report focuses on 4 million Americans in 22
occupations with skills relevant to the
biomanufacturing industry — including 1.8 million
workers already employed in manufacturing
industries (NAICS 31-33). For defense, national
security, and economic competitiveness reasons,
strengthening the biomanufacturing workforce is
central to domestic production readiness and the
nation's ability to scale critical bio-industrial
capabilities.

Executive Summary

U.S. Biomanufacturing Talent

Anchor employers are key to sustaining a
specialized workforce and production
infrastructure in U.S. biomanufacturing
hubs.

A Workforce at the Intersection of Defense and Innovation

AT A GLANCE

AVERAGE ANNUAL SALARY

$80,746
across 22 occupations

BIOMANUFACTURING FOR NATIONAL SECURITY
Biomanufacturing integrates biological processes to produce medical (e.g., biopharmaceutical) and other
industrial products (e.g., biofuels, organic chemicals, bioplastics). The Department of Defense’s primary goal
in designating Biomanufacturing as a Critical Technology Area is to “harness living systems to produce critical
capabilities and substances at scale” in areas such as biofuels and bio-based materials. 

Approximately 4 million workers are in
roles requiring biomanufacturing-adjacent
skills, and 357,000+ students graduated
in 2023 from biomanufacturing-relevant
certificate and degree programs.

Preparing students and workers in
biomanufacturing-adjacent fields requires
matching previous experience with
appropriate work context and competitive
wages.

47%
Are employed
directly in
manufacturing
industries

44%
Are in QA/QC-
related roles,
focusing on quality
control processes
and environments

51%
Have a bachelor’s
degree or higher

7%
Are veterans —
strong military
representation

Across 22 Occupations with Biomanufacturing
Competencies...
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https://www.cto.mil/cta/
https://www.cto.mil/cta/


2

In 2025, the U.S. Department of Defense Office of the Secretary of Defense Manufacturing
Technology (OSD ManTech) Economic and Workforce Development (EWD) program
partnered with the Center for Regional Economic Competitiveness (CREC) to develop
workforce insights that support decision-making to modernize the Defense Industrial Base.
Biomanufacturing is a DoD Critical Technology Area, a priority for investment due to its role
in enabling production of medicines, materials, fuels, and other capabilities essential to
national security.

Background
The Foundation of a Defense-Ready Workforce

The Manufacturing Innovation Institutes (MIIs) such as BioMADE and BioFabUSA bolster key
investments to advance biomanufacturing technologies, scale production capacity, and
strengthen supply chain security. Their success depends on a workforce capable of operating
in regulated production environments and maintaining high quality and process control.
Employers are seeking workers with a combination of hands-on production experience,
quality and regulatory knowledge, and production process design and maintenance skills.  As
new demonstration and commercial facilities come online, workforce readiness has become
the key determinant of how quickly production capacity can be stood up and sustained.
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Biomanufacturing workers support production of
High-Energy Biofuels

Cruise missile fuel,
aircraft propellant

Battlefield Medicine

On-demand medicine,
blood and tissue repair

Strategic Raw Materials

Domestic natural rubber
for aircraft tires

Warfighter Protection

Spider-silk body armor,
parachute textiles

Critical Chemicals

Energetic precursors,
explosives, propellants

Sustainment Materials

Adhesives, coatings,
anti-corrosion solvents

Each application requires specialized fermentation, cell culture, and downstream bioprocess capacity—
built and scaled through public-private partnerships between DoD, BioMADE, BioFabUSA, and a

growing network of pilot and commercial-scale facilities.

https://www.cto.mil/cta/


Together, these insights are intended to support policymakers, defense stakeholders,
and regional leaders in strengthening the domestic biomanufacturing workforce and
ensuring that new investments translate into long-term capacity.

Purpose

To better inform workforce development initiatives in
biomanufacturing, CREC developed a Workforce
Characteristics Dashboard and a Education and
Training Programs Dashboard to answer foundational
questions about talent availability both nationally and
in specific regional labor markets. The dashboards
include data about the size and characteristics of the
potential biomanufacturing workforce, and education
and training sources. This report demonstrates trends
across the current workforce landscape and identifies
implications for defense-aligned investment and
regional capacity building strategies.

Specifically, this report examines:

Which regions have
the largest
workforces with skills
relevant to
biomanufacturing,
the fastest growth,
and the highest
concentration of
talent?
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Where are the
workers?

Where are the largest
training programs?

Which regions and
institutions produce
the most graduates
with
biomanufacturing-
relevant skills?

How does geography
inform strategy to
support defense
investment?
Where are
opportunities to
broaden the talent
pool, better engage
adjacent occupations,
and align regional
strengths with
emerging skill
demands?

Regional size
Growth rate
Concentration

Completions
Institutions
Mfg. pipelines

Talent pool
Adjacencies
Investment



Lens 2: Scale
Total number of workers with

biomanufacturing-relevant skills

New York, Los Angeles, Chicago lead by size alone 

Share of biomanufacturing workers
relative to the local labor market
LQ > 1.0 = more specialized than U.S. avg 

Lens 1: Concentration (LQ)

A large national talent pool has limited value if thinly distributed or concentrated in
unrelated sectors. Regional analysis allows policymakers and employers to target
investments for greatest impact, build on existing training infrastructure, and identify regions
with outsized potential for defense-aligned biomanufacturing.

Two ways to measure regional strength

OR
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Notable Biomanufacturing Regions Across the United States
Four million Americans work in 22 biomanufacturing-related occupations — but national
totals tell only part of the story.

Different segments of the biomanufacturing sector have fundamentally different geographic
footprints. Bio-medical activity, in areas such as pharmaceutical R&D and cell and gene
therapy, tends to concentrate in coastal innovation hubs anchored by academic medical
centers and strong venture capital (e.g., Boston, San Diego, and North Carolina’s Research
Triangle). Bio-industrial activity, which benefits from proximity to input and agricultural
feedstocks, tends to concentrate in the Midwest and along the the Corn Belt (e.g., Iowa,
Minnesota, Illinois).3

Measuring regional workforce strength requires distinguishing between two related but
distinct concepts: the concentration of workers with biomanufacturing-relevant skills relative
to the broader local labor market and the number of those workers.

BIO-MEDICAL FOCUS

Diagnostics Cell & Gene
Therapy

Pharma

BIO-INDUSTRIAL FOCUS

Large-scale
chemicals

Materials Fuels



 REGION LQ WORKERS
San Jose-Sunnyvale-Santa Clara, CA 2.16 64,760
Sheboygan, WI 2.16 3,695
Muskegon-Norton Shores, MI 1.90 4,271
Decatur, AL 1.89 3,666
Huntsville, AL 1.86 13,234
Lafayette-West Lafayette, IN 1.80 4,959
Jackson, MI 1.79 3,391
Lima, OH 1.75 2,237
Niles, MI 1.75 3,159
Mankato, MN 1.73 2,806
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Table 1 highlights the regions with the highest biomanufacturing LQs nationally. Several are
small and mid-sized metros such as Sheboygan, WI (LQ 2.16), Muskegon-Norton Shores, MI
(LQ 1.90), Decatur, AL (LQ 1.89), and Huntsville, AL (LQ 1.86). These are not the largest
workforce markets, but they exhibit a high degree of biomanufacturing specialization. San
Jose-Sunnyvale-Santa Clara, CA, stands out as a large metro with a high LQ, reflecting the
region’s unique convergence of life sciences R&D, semiconductor manufacturing, and a
dense employer base. The high LQs reflect distinct economic histories and anchor employers
that have shaped local labor markets around biomanufacturing.

Table 1. Regions with the Highest Concentration of Biomanufacturing-Relevant Workers, 2023

Source: CREC analysis of American Community Survey (ACS) 2023 (5-year estimates), OEWS 2024. Note: Location
quotient (LQ) in Table 1 is a measure of job concentration, a measure of how specialized a region is in a given
occupation or industry compared to the U.S. as a whole. If a region’s LQ is greater than 1.0, the region is more
specialized in that occupation or industry than the U.S. as a whole. 

 anchor employer spotlight on page 6

Lens 1: Regions with the Highest Worker Concentration in
Biomanufacturing Production

Key insights: High LQ in Small Metros

Several of the most specialized regions are small
and mid-sized metros — not the largest
biomanufacturing labor markets, but places where a
single employer or investment rewired the local
labor market around biomanufacturing.
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Anchor Employer Spotlights: The Roots of Regional Specialization

Common thread across all four regions
A single transformative employer or facility investment built on previous assets and rewired the local labor
market for a future in biomanufacturing. These regions benefited from a legacy manufacturing workforce

with skills that transferred more readily into biomanufacturing than policymakers might expect.

SHEBOYGAN, WI

MilliporeSigma
(U.S./Canada life sciences unit of Merck KGaA)

What They Make
High-purity chemicals, stains, dyes,and filtration
materials — critical raw materials that flow into
diagnostic test development, vaccine production, and
biopharmaceutical purification  across the global
supply chain. The new lateral flow membrane line will
be the first of its kind in the U.S., producing diagnostic
input currently sourced almost entirely from overseas.4

Key Investment

$137M DoD Contract5,6

First U.S.-based lateral flow membrane facility

Sheboygan has a specialty chemical manufacturing
workforce with skills transferable into biomanufacturing.
Strong employer-workforce alignment in precision
filtration and controlled manufacturing environments.

LQ: 2.16  |   Workers: 3,695

MUSKEGON-NORTON SHORES, MI

Cytiva
Formerly GE Healthcare Life Sciences

What They Make

Chromatography resins essential for purifying
vaccines and biological therapies — the first
manufacturing site for these resins outside Sweden.
The Muskegon facility addresses a supply chain
vulnerability in chromatography resins, which was
made visible during the COVID-19 pandemic.

9

10

Key Investment

$430M Facility Investment11

The region is home to the MSU Bioeconomy Institute
(pilot-scale fermentation); large-capacity industrial
wastewater system (legacy of paper industry) —
essential for biomanufacturing at scale, which is rare in
most cities.

LQ: 1.90   |   Workers: 4,271

Built on former BASF chemical campus

HudsonAlpha Institute for Biotechnology
Genomics and biotech anchor inside Cummings
Research Park (nation’s 2  largest research park)nd

Genome sequencing and analysis, plant and crop
genomics, bio-cybersecurity research, and
translational platforms for cell-culture and small-batch
biomanufacturing. Hosted alongside 45+ resident
associate companies on a 152-acre campus.7

LQ: 1.86  |   Workers: 13,234

HUNTSVILLE, AL

Evonik Tippecanoe Laboratories
Large-scale Active Pharmaceutical Ingredients (API)
and fermentation contract manufacturer

APIs, high-potency chemotherapy intermediates, specialty
chemicals, animal health products, and lipids for mRNA
vaccine delivery.  The site includes one of the largest
pharmaceutical fermentation facilities in the U.S., covering
roughly a square kilometer.

12

13

Lafayette pairs Evonik's Tippecanoe Laboratories
with Purdue University's pharmaceutical
manufacturing research and training ecosystem,
recently reinforced by the EDA's Heartland
BioWorks Tech Hub designation.15

LQ: 1.80   |   Workers: 4,959

LAFAYETTE, IN

What They Make

Economic Impact

in cumulative economic impact for Alabama since 2006, with
1,100+ workers on the HudsonAlpha campus alone8

$4.2 Billion

Redstone Arsenal and a dense network of defense and
aerospace contractors built a workforce comfortable in
regulated, controlled-environment manufacturing.
HudsonAlpha then anchored a parallel biotech cluster on
the same R&D corridor.

What They Make

Key Investment

potentially the largest single industry-academic research
agreement in U.S. history

$250M Lilly-Purdue 360 Initiative14
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Lens 2: U.S. Regions with the Highest Employment in a
Biomanufacturing-Relevant Industry
Analysis of occupations alone provides one lens to assess regional biomanufacturing strength,
but it captures workers who may never set foot in a production facility. A complementary
approach is to look at occupational employment in a key industry. The industry NAICS
325199—All Other Basic Organic Chemical Manufacturing—is the industry classification that
includes establishments engaged in producing enzyme proteins, biodiesel and biofuels,
synthetic organic compounds, and specialty biochemicals that are foundational inputs across
biomanufacturing supply chains. Table 2 shows the ten metro areas with the highest
employment in this industry in 2023, along with each region’s Location Quotient, average
earnings, and recent job growth. The regions that emerge from this lens are strikingly
different from those that lead on occupational concentration.

 REGION JOBS LQ AVG EARNINGS ‘20-’23 GROWTH
Houston-Pasadena, TX 3,614 4.01 $202,820 +11%
New York-Newark, NY-NJ 2,800 1.10 $168,378 0%
Cleveland, OH 1,748 6.25 $152,503 -7%
St. Louis, MO-IL 1,487 4.02 $126,469 +4%

Philadelphia-Camden-Wilmington, PA-NJ 1,228 1.57 $167,452 +4%

Milwaukee-Waukesha, WI 946 4.28 $111,875 +6%
Mobile, AL 928 19.05 $164,553 +6%
Chicago-Naperville-Elgin, IL-IN 893 0.74 $152,869 +11%
Baton Rouge, LA 805 7.23 $194,070 -37%
Indianapolis-Carmel-Greenwood, IN 779 2.65 $79,431 -7%

Table 2. Regions with the Highest Employment in NAICS 325199: All Other Basic Organic
Chemical Manufacturing in 2023. NOTE: The industry NAICS 325199 contains many
activities associated with biomanufacturing and bioindustrial operations, including biofuel
production.

Source: CREC analysis of Lightcast and QCEW data, 2023. Note: Location quotient (LQ) in Table 2 is a measure of job
concentration, a measure of how specialized a region is in a given industry compared to the U.S. as a whole. If a
region’s LQ is greater than 1.0, the region is more specialized in that industry than the U.S. as a whole. 

 anchor employer spotlight on page 8

These regions tend to be larger industrial metros with deep roots in chemical processing and
host capital-intensive, infrastructure-heavy biomanufacturing.



8

Production Hub Spotlights: Legacy Chemical Infrastructure at Scale

Common thread across all four regions
Regions with established chemical-manufacturing infrastructure and skilled industrial workforce are 

well-positioned to scale the nation’s biomanufacturing capacity.

HOUSTON, TX

Houston Ship Channel petrochemical complex
Densest concentration of refining and organic chemistry in
the U.S., pivoting toward biofuels and bioproducts16

What They Make
Bulk organic chemicals, intermediates, and biofuel
feedstocks from anchor operators including LyondellBasell,
Dow, ExxonMobil Baytown, INEOS, and Chevron Phillips
Chemical — increasingly serving renewable and circular-
chemistry markets alongside traditional petrochemicals.17

Highest average earnings of any region in Table 2
(~$203K) reflecting the capital intensity and skill
premium for operating continuous-flow chemical
production at scale. The 11% job growth indicates
workforce migration into biochemicals manufacturing
within the Houston metro area.

LQ: 4.01  |  Jobs: 3,614  

CLEVELAND, OH

Lubrizol Corporation
Global specialty-chemical manufacturer anchoring northeast
Ohio’s polymer and additives cluster

What They Make
Lubricant additives, polymer systems, and advanced
materials with direct applications in bioprocessing and
pharmaceutical manufacturing. Broader ecosystem
includes Synthomer, Sherwin-Williams, and dozens of
mid-sized specialty chemical producers.20,21

Cleveland’s specialty-chemical concentration
significantly outpaces its national profile in life
sciences. The polymer and additives cluster around
Lubrizol’s Wickliffe, OH headquarters provides
infrastructure and regulated-manufacturing workforce
directly transferable to bioprocessing inputs.23

LQ: 6.25  |  Jobs: 1,748  

MAST Chemical Corridor
A 60-mile industrial corridor anchored by Evonik's
largest North American manufacturing site

What They Make
More than 30 chemical manufacturers along this
corridor produce the foundational chemical inputs
behind products Americans use everyday, including
water treatment chemicals, tires and plastics, fuels,
coatings, and synthetic fibers. The corridor generates
$1.3 billion in annual economic impact, and every
chemical industry job in the corridor supports another
6.8 jobs across other sectors.18

The highest specialization ratio of any U.S. metro in Table
2 — roughly 19× the national average. Evonik alone
employs 1,100+ workers at its Theodore site (operating
since 1974); deepwater port access on Mobile Bay and
area salt-dome resources have sustained six decades of
capital investment in infrastructure.19

LQ: 19.05  |  Jobs: 928 

MOBILE, AL

Louisiana Chemical Corridor
World-class refining and petrochemical complex
pivoting toward biofuels and sustainable aviation fuel

What They Make
ExxonMobil’s Baton Rouge Complex is one of the
world’s largest integrated refining and petrochemical
sites. It produces fuels, lubricants, and plastics used by
industries nationwide.  Across the Mississippi River in
Port Allen, Shell operates the world’s largest refining-
catalyst plant, increasingly making the catalysts that
enable biofuel and sustainable aviation fuel
production.

24

25

ExxonMobil's complex anchors a regional workforce of
roughly 6,000, while Shell's $122M Port Allen expansion
(announced 2023) indicates an active pivot toward
renewable fuels, as the same catalyst manufacturing
capabilities that refine petroleum are increasingly
needed for biofuels and sustainable aviation fuel.  26,27

LQ: 7.23  |  Jobs: 805  

BATON ROUGE, LA



High School or Less Some College, No Degree Associate's

Bachelor's or Higher Degree
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12% 13%
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69%
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74%
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Education, Training, and Workforce Development Infrastructure
More than half of all biomanufacturing-relevant workers
hold a bachelor’s degree or a higher degree. However,
employers report that many graduates lack hands-on
experience and require significant on-the-job training
after hire.  Though most students prioritize four-year
degree completion in advance of employment, many
production and support roles in biomanufacturing can
be filled through associate degrees, certificates, or
applied training that leads to a job and further
education.  This misalignment in expectations may
contribute to the workforce shortage the industry is
currently experiencing.

27

28,29

Figure 1. Educational Attainment by Worker Type, 2023

Source: ACS 2023 (5-year estimates) 

Credentialing and Competencies

Industry-led skills tests can validate
core competencies for technicians.
The Biotechnology Aptitude and
Competency Exam (BACE) led by the
University of Florida’s Biotility
program establishes a common skills
baseline for entry-level
biomanufacturing roles, enabling
employers, training providers, and
workforce systems to align around
shared competency expectations.
BACE has been adopted in 21 states. 

Credentialing models like BACE offer
a replicable approach to strengthening
regional workforce pipelines and
supporting facility ramp-up,
particularly in regions where
bioindustrial employment remains
limited relative to broader biosciences
activity.

Among the broader workforce possessing
biomanufacturing-relevant skills, workers involved in
process development and QA/QC typically have a
bachelor’s degree while production operators typically
do not. Hands-on training and certificate programs are
appropriate to both groups: for entry-level technicians
and operators seeking to upskill or work toward a
degree, as well as for process design and quality control
engineers refining and expanding on their skillsets. 

https://biotility.research.ufl.edu/biotech-industry-credentials/bace/
https://biotility.research.ufl.edu/biotech-industry-credentials/bace/


University Completions
 Texas A&M University - College Station 3,767

 University of Michigan - Ann Arbor 3,292

 University of California - San Diego 2,976

 University of Florida 2,928

 University of Wisconsin - Madison 2,770

 John Hopkins University 2,723

 Arizona State University 2,722

 Rutgers University - New Brunswick 2,677

 University of California - Los Angeles 2,623

 Ohio State University 2,604
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Where Talent is Trained
More than 2,600 U.S. higher education institutions offer degrees and certificates relevant to
biomanufacturing. In 2023, Texas A&M University reported 3,700 completions across a
variety of potentially relevant programs. Institutions with the most completions typically
share several characteristics that position them as major contributors to the workforce: large
undergraduate STEM enrollments, nationally recognized biomedical and engineering
programs, and significant federal research activity that exposes students to emerging
biotechnologies.

Table 3. Top Higher Education Institutions for Biomanufacturing-Related Completions, 2023

Source: Integrated Postsecondary Education Data System (IPEDS), 2023

Not surprisingly, the largest employment hubs
for workers with biomanufacturing-relevant
skills often produce the most
biomanufacturing-related graduates out of
their local education institutions. Two
exceptions are Phoenix and San Diego, which
produce many graduates but are not among
the top ten regions in which workers with
biomanufacturing-relevant skills reside.
Nevertheless, the co-location of strong
training pipelines and a large
biomanufacturing-relevant workforce
illustrates the importance of employer-
education collaboration in biomanufacturing
workforce initiatives. 
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Region Completions
 New York, NY 17,771

 Los Angeles, CA 12,759

 Boston, MA 9,680

 Washington, DC 7,506

 Chicago, IL 7,367

 Phoenix, AZ 7,344

 Philadelphia, PA 7,080

 Houston, TX 6,283

 San Diego, CA 6,114

 Atlanta, GA 5,673

Table 4. Top Ten Regions for Completions in Biomanufacturing-Related Programs, 2023

Source: Integrated Postsecondary Education Data System (IPEDS), 2023

Popular education programs associated with biomanufacturing-relevant occupations include
science, engineering, and logistics/management programs, with Biology and Biological
Sciences accounting for 26% of completions from identified programs. Most graduates of
these potentially relevant undergraduate programs will find jobs outside the manufacturing
sector, especially when programs are not directly linked.

i WORKFORCE ALIGNMENT IN PRACTICE

Many institutions are not offering degrees specifically in biomanufacturing. NIIMBL’s program
database identifies fewer than 30 programs with “Biomanufacturing” explicitly in the program
title.  MiraCosta College in San Diego, California is an exception and has offered a bachelor’s
degree in Biomanufacturing since 2017. Designed for students who have completed an
associate’s degree in biotechnology, the program provides a direct pathway into industry-aligned
roles. MiraCosta reports strong placement outcomes, with graduates employed across more
than 70 life sciences and biomanufacturing firms, demonstrating how a targeted degree can
translate into workforce alignment when industry demand is strong.

30

MiraCosta College and JobsOhio

Opportunities for Awareness: Biomanufacturing-Specific Programs and Models

Other regions are pursuing different approaches to address the same gap. In 2025, JobsOhio
and the Ohio Life Sciences Association announced a $30 million, five-year initiative to develop
Ohio’s biomanufacturing workforce. The initiative combines a new state-of-the-art training
center with a hub-and-spoke network of community colleges and technical schools statewide. 

Together, these examples illustrate two complementary strategies for strengthening the
biomanufacturing workforce: 1) institution-specific degree pathways, and 2) statewide training
models that scale access and standardize skills across multiple institutions. Both approaches
highlight opportunities to better align education and training systems with biomanufacturing
workforce needs, particularly in regions seeking to grow domestic production capacity.

https://www.miracosta.edu/academics/degree-and-certificate-programs/math-and-sciences/biotechnology/biomanufacturing-bachelors-degree/index.html
https://www.miracosta.edu/academics/degree-and-certificate-programs/math-and-sciences/biotechnology/biomanufacturing-bachelors-degree/index.html
https://www.miracosta.edu/academics/degree-and-certificate-programs/math-and-sciences/biotechnology/biomanufacturing-bachelors-degree/program-outcomes.html
https://www.miracosta.edu/academics/degree-and-certificate-programs/math-and-sciences/biotechnology/biomanufacturing-bachelors-degree/program-outcomes.html
https://www.jobsohio.com/newsroom/news-press/biomanufacturing-workforce-initiative
https://www.jobsohio.com/newsroom/news-press/biomanufacturing-workforce-initiative


Apprenticeships are about to become substantially more
affordable. Starting in July 2026, the new Workforce Pell
program — created by the One Big Beautiful Bill Act of 2025 —
extends federal need-based aid to short-term workforce training
for the first time, including the classroom-instruction component
of Registered Apprenticeships. For biomanufacturing, where
most apprenticeship programs partner with community colleges
to deliver technical instruction, this creates a sustainable federal
funding stream that has long been missing. Because state
governors and workforce boards certify which programs qualify,
regions with coordinated workforce systems and strong
industry-education alignment are well-positioned to direct
federal aid toward biomanufacturing pathways suited to their
regional economies.

Workforce Pell
Funding for

Apprenticeships

NOTE: Many apprenticeships are offered in smaller metro regions — especially those with legacy
manufacturing industries and/or limited higher education capacity — where community college pipelines
alone are insufficient to meet employer demand.

What Biomanufacturing Employers Actually Need
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As industry works with states and regions to ramp up biomanufacturing workforce
development, apprenticeships and earn-and-learn training provide a lower-cost, more flexible
alternative to formal degrees. Many apprenticeships also target the specific skills and hands-
on experience biomanufacturing employers require. 

MassBioEd
Employer-led bio-related apprenticeship program
Program Focus

Structured earn-and-learn training aligned to
employer demand in biomanufacturing and life
sciences production environments.

Employer-connected from day one — trainees
build GMP-ready skills while earning a wage.

Why it works

MASSACHUSETTS

Bio-Flex
Employer-led bio-related apprenticeship program
Program Focus
Flexible earn-and-learn pathways targeting workers
seeking entry into bio-related fields, delivered by the
South Bay Workforce Investment Board.

Designed for flexibility — meets workers where they
are through on-the-job learning, with a focus on
underserved populations

Why it works

CALIFORNIA

Hands-on production
experience

Direct operation of
production systems in a
manufacturing or regulated
facility environment.

Quality and regulatory
knowledge 

GMP, quality systems,
compliance,and documentation
standards for commercial-scale
production.

Process-specific
technical skills

Role-specific knowledge
required for commercial and
defense-aligned manufacturing.

Successful Apprenticeship Models

https://edworkforce.house.gov/uploadedfiles/bipartisan_workforce_pell_act_section_by_section_final.pdf
https://edworkforce.house.gov/uploadedfiles/bipartisan_workforce_pell_act_section_by_section_final.pdf


In scenarios where dedicated biomanufacturing training pipelines cannot scale fast enough
to meet accelerated production needs (e.g., a rapid ramp-up in DoD orders), workers in
adjacent industries may be the focus of talent recruitment efforts. Workers employed in
occupations requiring skillsets relevant to biomanufacturing, such as in food processing
and petrochemical technician roles, may be able to use their knowledge and technical skills
to work in laboratory or production environments in biomanufacturing. Targeted support to
workers in adjacent occupations and industries can grow the biomanufacturing workforce
– provided that wages offered are competitive.
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Targeting Workers in Related Occupations as a Source of Talent 

The “biomanufacturing add-on module”
The skills gap between adjacent and destination roles can be bridged by a targeted add-on module covering

GMP, quality systems, regulated environments and other biomanufacturing-specific knowledge and skills.

Many biomanufacturing roles – particularly in process development and quality control –
offer competitive entry wages relative to comparable positions in other manufacturing,
agriculture, or laboratory settings. These wage differentials can attract skilled workers to
enter the sector. However, transitions into biomanufacturing are not automatic. Even
closely adjacent occupations in other industries lack exposure to Good Manufacturing
Practices (GMP), regulated production environments, and quality systems foundational to
biomanufacturing operations. A “biomanufacturing add-on module” that fine-tunes
workers’ existing manufacturing skillset with biomanufacturing-specific competencies can
help workers from related fields transition to the industry.

For example, an Agricultural Technician may seek to transition into a Biological Technician
role that supports biomanufacturing operations. While both roles involve operational
procedures and the use of technical software tools, Biological Technician positions require
deeper familiarity with laboratory quality control, scientific knowledge, and operating
hardware and software in highly controlled facilities. An Agricultural Technician will need to
re-orient toward these foundational skills and work contexts.

Military-to-biomanufacturing bridge programs can help connect
workers to the industry. BioMADE’s Warfighter-to-Scientist
Workshops demonstrate how short, stipend-supported programs can
prepare transitioning service members for technician-level careers in
biomanufacturing. Expanding such initiatives near military bases in
regions with a high veteran population and in regional hubs for
biomanufacturing will help provide opportunities to reskill workers
quickly, especially in important populations such as veterans. 

Bridge
Program
Example

https://www.biomade.org/warfighter-to-scientist
https://www.biomade.org/warfighter-to-scientist


AVG. ENTRY SALARY
$32,860             

AVG. ENTRY SALARY
$38,060       

WAGE GAIN
$5,200     

Table 5. A Workforce Pathway into Biomanufacturing: Wage and Skill Comparison, 2024

Current Occupation

Agricultural Technicians

Biomanufacturing Occupation
Biological Technicians

SHARED SKILLS – ALREADY HAS

Install procedures
Operations
monitoring
Geographic
Information Systems

Management of
financial resources
Learning strategies
Analytical /
scientific software

SKILLS TO DEVELOP – NEEDS TRAINING
Quality control analysis
Development environmental
software
Graphics / photo imaging
software
Project Management software

Scientific knowledge
(lab QC)
Regulated production
environments

In regions that have a strong presence of
multiple “related” occupations or industries,
biomanufacturing leaders can facilitate
worker transitions with career navigation
resources and targeted reskilling programs,
thereby enhancing worker mobility. 
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Source: OEWS 2024, ONET 2024

Durham-Chapel Hill, NC

LQ: 6.76

(Destination Role)

Raleigh-Cary, NC

LQ: 2.36
Agricultural Technicians
(Adjacent / Source Role)

North Carolina’s Research Triangle is widely considered one labor
market despite comprising 2 metro areas (Durham-Chapel Hill
and Raleigh-Cary)

Co-location of source and destination roles in one labor
market makes transitions more feasible — less relocation,
more reskilling.

Case Example: North Carolina's Research Triangle

for Biological Technicians

In North Carolina’s Research Triangle, the
Durham-Chapel Hill metro area has a
strong presence of Biological Technicians
(LQ of 6.76) while the Raleigh-Cary metro
area has a strong presence of Agricultural
Technicians (LQ of 2.36). These two metro
areas constitute one regional labor market,
and the co-location of Biological
Technicians and Agricultural Technicians
makes it easier for workers to transition
from one job role to another.

Wage differences play a critical role in
attracting workers. Average annual wages
for biomanufacturing occupations are
approximately $80,700, with certain
technician and specialist roles offering
higher wages over comparable positions in
adjacent fields. Agricultural Technicians
transitioning into a Biological Technician
role may see annual wage gains of roughly
$5,200, but there is a cost to re-training
and transitioning.

Transition
Pathway
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When does the adjacent-worker
strategy succeed?

For defense planning purposes, the
adjacent-worker strategy is most
reliable when biomanufacturing
production facilities are already co-
located with dense concentrations
of workers in adjacent occupations
and industries.

1 – Wage differential limits

Limitations of the Adjacent-Worker Strategy

Wage differentials between adjacent occupations and biomanufacturing roles are often
meaningful at the entry level but may be insufficient to motivate mid-career workers with
established seniority and benefits in their current industry.

2 – Geographic mismatch

Geographic mismatch represents an additional barrier to transition: workers in food
processing, petrochemical operations, and agricultural technology are frequently
concentrated in rural and semi-rural corridors that do not align with where new
biomanufacturing facilities are sited, and relocation is a much harder ask than retraining.
Quality of life considerations such as homeownership, community ties, and place attachment
compound this friction in ways that wage incentives alone cannot resolve.

3 – Uneven training access

Access to the add-on training that makes transitions feasible is unevenly distributed, as
biomanufacturing-specific community college capacity and employer-sponsored programs
vary considerably across smaller labor markets.
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Conclusion
Strong talent pipelines are the foundation of biomanufacturing
investment
The U.S. already has 4 million workers with biomanufacturing-relevant skills — but the
nation's ability to commercialize new biotechnologies and manufacture them at scale will be
determined by capital investments and by whether regions can supply workers with the right
skills in the right places.

LARGE TALENT BASE, MISALIGNED TO PRODUCTION
The U.S. already has a large biomanufacturing-relevant talent base, but less than half of
these workers are employed in a manufacturing or production role. As domestic
biomanufacturing capacity expands, the ability to redirect and align this existing talent base
will become an increasingly critical question for policymakers and industry leaders.

Biomanufacturing is foundational to U.S. defense readiness, supply chain security, and economic
competitiveness. The most successful regions will align community college programs, employer-led
training, and industry skill needs into coordinated talent pipelines as new biomanufacturing facilities
come online. Coordinated workforce strategies between policymakers, defense stakeholders, and
regional leaders will be critical to ensure that workforce availability matches the pace of investment
— securing both economic competitiveness and national security.

THE PATH FORWARD

APPLIED, EMPLOYER-CONNECTED TRAINING CLOSES THE GAP
Closing the workforce gap will require pairing applied, employer-connected training with clear
transition pathways for workers from related industries. The education pipeline is sizable —
over 357,000 completers annually in relevant programs — but graduates need early
experiences in manufacturing and exposure to biomanufacturing's role-specific demands.
Scalable models include industry-led credentials, military bridge programs, apprenticeships,
and add-on modules focused on regulated environments, GMP, and quality systems.

CONCENTRATION ≠ TOTAL EMPLOYMENT ADJACENT WORKER MOBILITY
The largest biomanufacturing employment
hubs are not necessarily the regions with the
highest worker concentration. Smaller metros
lead on specialization while some larger ones
lead on the infrastructure and industrial
legacy that sustain a large industry workforce.

Retraining workers in adjacent industries
can increase regional skills and wages. Food
processing technicians, petrochemical
operators, agricultural technicians, and
chemical equipment operators share core
competencies needed by many employers. 

While large metros have the option to
redirect workers from adjacent sectors to
biomanufacturing, smaller regions can focus
on retaining their specialized workforces and
deepen industry-education partnerships.

Targeted add-on training modules that
address specific skill gaps can accelerate
worker transitions into biomanufacturing
more rapidly than building new degree
pipelines from scratch.



Ranking Region Number of Workers % Growth (2020-
2023)

Worker
Concentration

1
New York-Newark-Jersey City,
NY-NJ

222,647 13.20% 0.74

2
Los Angeles-Long Beach-
Anaheim, CA

174,686 7.50% 0.89

3 Chicago-Naperville-Elgin, IL-IN 148,029 9.60% 1.02

4
Houston-Pasadena-The
Woodlands, TX

115,569 9.00% 1.1

5
Boston-Cambridge-Newton,
MA-NH

107,953 10.20% 1.33

6 Dallas-Fort Worth-Arlington, TX 104,838 13.10% 0.88

7
Philadelphia-Camden-
Wilmington, PA-NJ-DE-MD

98,122 14.60% 1.03

8
Washington-Arlington-
Alexandria, DC-VA-MD-WV

90,209 11.00% 0.88

9
Atlanta-Sandy Springs-Roswell,
GA

89,543 11.80% 0.96

10
San Francisco-Oakland-Fremont,
CA

85,387 7.80% 1.16
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Appendix A: Regions with the Highest Number of
Biomanufacturing-Relevant Workers
Approximately 32% of all biomanufacturing-relevant workers live in just ten major metro
areas (see Table A). Though the number of workers is high and growing across these metros,
none of these ten regions (except perhaps the greater Boston area) has a particularly high
degree of concentration in these occupations (i.e., greater than 1.25 in “worker
concentration”). In the other nine large metro areas, the size of the labor force in
biomanufacturing is about what might be expected of each region, indicating no apparent
specialization in the industry.

Table A. Top Ten Regions by Number of Biomanufacturing-Relevant Workers, 2023

Source: American Community Survey (ACS) 2023 (5-year estimates), OEWS 2024 Note: Worker concentration is a
location quotient (LQ), a measure of how specialized a region is in a given industry or occupation compared to the U.S.
as a whole. If a region’s LQ is greater than 1.0, the region is more specialized in that industry than the U.S. as a whole. 
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Appendix B: Definition and Classification of Biomanufacturing-
Relevant Workers
Unlike traditional manufacturing, biomanufacturing relies on living systems, advanced
process controls, and strict regulatory standards, demanding a workforce skilled in both
biological and mechanical operations. Biomanufacturing work blends scientific precision with
engineering and production expertise. The workforce includes operators, engineers,
technicians, and scientists who perform specialized tasks across the full product life cycle –
from lab-scale development to full-scale production and quality control. Coming from the
NCBiotech North Carolina Biopharma Manufacturing Labor Market Analysis,
biomanufacturing occupations can be grouped into four worker types: 

SOC ACS Occupation

Manufacturing/Production

19-4021 Biological technicians

51-9010 Chemical processing machine setters, operators, and tenders

19-4031 Chemical technicians

51-1011 First-line supervisors of production and operating workers

51-8090 Miscellaneous plant and system operators

51-9111 Packaging and filling machine operators and tenders

51-8031 Water and wastewater treatment plant and system operators

Table B. Definition and Classification of Biomanufacturing Workers 

Manufacturing/Production Occupations operate the core production systems that convert
biological materials into usable products. Workers manage bioreactors, fermentation tanks,
and purification systems, monitor growth conditions, and ensure sterile, safe operations.
Plant Operations/Manufacturing Support roles maintain the physical and digital
infrastructure of biomanufacturing facilities. Workers oversee utilities, automation systems,
materials handling, and equipment calibration, ensuring reliable operation of cleanrooms and
production lines.
Process Development Specialists bridge research and manufacturing. Workers design, test,
and optimize bioprocesses for efficiency and consistency, requiring knowledge of biological
systems, data analytics, and scale-up principles. 
Quality Assurance/Quality Control (QA/QC) occupations uphold regulatory and safety
standards that govern all biomanufacturing operations. They conduct analytical testing,
documentation, and compliance reviews to ensure products meet standards and
requirements.

https://www.ncbiotech.org/sites/default/files/laborstudy_10_triangle.pdf
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Plant Operations/Manufacturing Support
51-9160 Computer numerically controlled tool operators and programmers

17-3023
Electrical and
  electronic engineering technologists and technicians

17-3021

Other engineering technologists and technicians, except drafters

17-3022

17-3024

17-3025

17-3026

17-3027

17-3028

17-3029

Process Development

17-2021
Biomedical and agricultural engineers

17-2031

17-2041 Chemical engineers

17-2110 Industrial engineers, including health and safety

11-3051
Industrial production
  managers

17-2131 Materials engineers
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Quality Assurance/Quality Control

19-1020 Biological scientists

19-2030
Chemists and materials
  scientists

29-2010 Clinical laboratory technologists and technicians

13-1041 Compliance officers

17-2161

Other engineers17-2171

17-2199

19-1041
Other life scientists

19-1042

19-4061

Other life, physical, and social science technicians 
19-4071

19-4092

19-4099
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Biological technicians assist biological and medical scientists. They set up, operate, and
maintain laboratory instruments and equipment, monitor experiments, collect data and
samples, make observations, and calculate and record results. May analyze organic
substances, such as blood, food, and drugs.
Chemical processing machine setters, operators, and tenders control or operate
equipment that produces chemical changes or reactions during processing.
Chemical technicians support chemists by conducting lab tests, preparing chemical
solutions, maintaining instruments, and monitoring product quality. They also handle lab
documentation, safety audits, and training on lab equipment.
First-line supervisors of production and operating workers directly supervise and
coordinate the activities of production and operating workers, such as inspectors,
precision workers, machine setters and operators, assemblers, fabricators, and plant and
system operators. Excludes team or work leaders.
Miscellaneous plant and system operators operate systems that move or process
materials, utilities, or waste within industrial facilities.
Packaging and filling machine operators and tenders operate or tend machines to prepare
industrial or consumer products for storage or shipment. Includes cannery workers who
pack food products.
Water and wastewater treatment plant and system operators operate or control an entire
process or system of machines, often through the use of control boards, to transfer or
treat water or wastewater.

Manufacturing/Production Occupations

Computer numerically controlled tool operators and programmers set up and run
computer-controlled machines to produce precision parts. Their tasks include monitoring
machine performance, adjusting settings, replacing tools, and verifying part specifications
using measuring instruments.
Electrical and electronic engineering technologists and technicians assist in building,
testing, and repairing electronic systems. They read schematics, integrate components,
troubleshoot issues, and produce CAD-based diagrams while supporting engineers with
documentation and quality control.
Other engineering technologists and technicians, except drafters support engineers by
setting up equipment, running tests, collecting data, and troubleshooting systems in
electronics, materials, and manufacturing. 

Plant Operations/Manufacturing Support
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Biomedical and agricultural engineers apply knowledge of engineering technology,
biological sciences, chemistry, and biomechanical principles to the design, development,
and evaluation of biological, agricultural, and health systems and products. This includes
artificial organs, prostheses, instrumentation, medical information systems, and health
management and care delivery systems.
Chemical engineers design and improve chemical manufacturing processes, develop
equipment layouts and control systems, and evaluate plant operations for efficiency,
safety, and regulatory compliance. They also analyze data, conduct lab tests, and prepare
cost and progress reports.
Industrial engineers, including health and safety focus on optimizing manufacturing
processes and workforce efficiency. They develop production standards, perform cost
analyses, recommend improvements, and oversee quality control and scheduling.
Industrial production managers oversee the daily operations of manufacturing plants and
production facilities. They coordinate production schedules, manage personnel and
resources, ensure quality and safety standards are met, and work to maximize efficiency
and minimize costs across the production process.
Materials engineers research and develop new materials, test for quality and failure
points, and design processing systems for materials like metals and ceramics. They also
guide production teams and consult on design specifications and material performance.

Process Development 

Biological scientists research or study basic principles of plant and animal life, including
origin, development, and function.
Chemists and materials scientists study the composition and behavior of chemical
substances and conduct experiments and modeling to understand material properties
using techniques like spectroscopy and chromatography. They develop and test products
and materials, test strength and durability, and produce technical reports and
specifications.
Clinical laboratory technologists and technicians
Compliance officers examine, evaluate, and investigate eligibility for or conformity with
laws and regulations governing contract compliance of licenses and permits, and perform
other compliance and enforcement inspection and analysis activities not classified
elsewhere.
Other engineers apply specialized or multidisciplinary knowledge (such as industrial,
materials, or bioengineering) to design and improve processes, systems, and equipment.
Other life scientists are professionals studying living organisms outside traditional biology
or chemistry roles.
Other life, physical, and social science technicians support scientists by conducting
laboratory tests, collecting data, and maintaining equipment.

Quality Assurance/Quality Control (QA/QC)
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Appendix C: Additional Occupation Data

Table C. Occupations Relevant to Biomanufacturing, Average Wages (2023) 

Source: ACS 2023 (5-year estimates); U.S. Bureau of Labor Statistics (2023)

Worker
  Type

Number of
Workers

2020-2023 %
Growth Avg. Wage

Manufacturing/Production 1,053,653 4.10% $59,374 

Plant Operations/Manufacturing Support 510,697 23.00% $64,089 
Process Development 614,790 30.50% $102,636 
QA/QC 1,720,305 19.30% $90,957 

Process Development QA/QC

Manufacturing/Production

Plant Operations/Mfg. Support

$0

$20,000

$40,000

$60,000

$80,000

$100,000

$120,000

$140,000

Chemical Engineers
Other Engineers

Other Life Scientists
Industrial Production Managers

Biomedical and Agricultural Engineers
Materials Engineers

Industrial Engineers, incl. Health and Safety
Chemists and Materials Scientists

Compliance Officers
Miscellaneous Plant and System Operators

Biological Scientists
Electrical and Electronic Engineering Technologists and Technicians

First-Line Supervisors of Production and Operating Workers
Other Engineering Technologists and Technicians, except Drafters

Water and Wastewater Treatment Plant and System Operators
Chemical Processing Machine Setters, Operators, and Tenders

Biological Technicians
Chemical Technicians

Clinical Laboratory Technologists and Technicians
Computer Numerically Controlled Tool Operators and Programmers

Other Life, Physical, and Social Science Technicians
Packaging and Filling Machine Operators and Tenders

$122,258

$119,160

$105,550

$101,183

$100,263

$99,098

$98,942

$95,372

$92,535

$82,176

$80,328

$67,824

$67,633

$65,049

$61,910

$61,662

$60,668

$59,424

$55,509

$53,991

$45,377

$31,720

Figure A. Occupations in Biomanufacturing and Average Wage, 2023

Source: ACS 2023 (5-year estimates)
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Manufacturing/Production
  Occupations Top Field of Study Share

Biological technicians N/A: Majority some college, no degree 22.60%

Chemical processing machine setters,
operators, and tenders

N/A; Majority high school 29.50%

Chemical technicians N/A: Majority some college, no degree 23.00%

First-line supervisors of production and
operating workers

N/A; Majority high school 39.20%

Miscellaneous plant and system operators N/A; Majority high school 39.60%

Packaging and filling machine operators and
tenders

N/A; Majority high school 43.70%

Water and wastewater treatment plant and
system operators

N/A; Majority high school 38.80%

Plant Operations/Manufacturing Support Top Field of Study Share

Computer numerically controlled tool operators
and programmers

N/A; Majority high school 41.70%

Electrical and electronic engineering
technologists and technicians

N/A: Majority some college, no degree 31.10%

Other engineering technologists and
technicians, except drafters

N/A: Majority some college, no degree 31.00%

Process Development Top Field of Study Share

Biomedical and agricultural engineers Engineering 50.80%

Chemical engineers Engineering 68.50%

Industrial engineers, including health and safety Engineering 43.40%

Industrial production managers
N/A: Majority some college, no

  degree
20.60%

Materials engineers Engineering 48.00%

Table D. Top Field of Study by Occupation
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Quality Assurance/Quality
  Control Top Field of Study Share

Biological scientists Biology and Life Sciences 54.90%

Chemists and materials scientists Physical Sciences 45.30%

Clinical laboratory technologists and
technicians

N/A: Majority some college, no degree 20.00%

Compliance officers Business 17.60%

Other engineers Engineering 55.10%

Other life scientists Biology and Life Sciences 24.70%

Other life, physical, and social science
technicians 

N/A: Majority some college, no degree 39.10%

Table E. Workforce Pathways into Biomanufacturing: Most-Related Occupations with Wage
Increases, 2024

Most
  Related Non-Biomanufacturing

Occupation

Avg. Entry
Level Salary

Biomanufacturing
Occupation

Avg. Entry
Level Salary

Potential Wage
Gain

General and Operations Managers $47,420 
Industrial Production
Managers

$74,900 $27,480 

Precision Agriculture Technicians $32,860 
Biomedical and
  Agricultural
Engineers

$57,440 $24,580 

Bioinformatics Technicians $40,330 Biological Scientists $54,120 $13,790 
Mechanical Engineers $68,740 Chemical Engineers $78,520 $9,780 
Eligibility Interviewers, Government
Programs

$37,690 Compliance Officers $46,230 $8,540 

Source: ACS 2023 (5-year estimates)
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Agricultural Technicians $32,860 Biological Technicians $38,060 $5,200 

Packers and Packagers, Hand $27,050 
Packaging and Filling
Machine
  Operators and Tenders

$31,890 $4,840 

Cleaning, Washing, and Metal
Pickling Equipment Operators and
Tenders

$32,770 
Chemical Processing
  Machine Setters,
Operators, and Tenders

$36,920 $4,150 

Architectural and Civil Drafters $44,040 

Other Engineering
Technologists
  and Technicians, Except
Drafters

$46,221 $2,181 

Histotechnologists $38,020 Chemical Technicians $39,030 $1,010 

Milling and Planing Machine
Setters, Operators, and Tenders,
Metal and Plastic

$36,810 

Computer Numerically
Controlled
  Tool Operators and
Programmers

$37,510 $700 

Mechanical Engineers $68,740 
Industrial Engineers,
  including Health and
Safety

$69,390 $650 

Source: OEWS 2024, ONET 2024

Appendix D: Additional Regional Data
While some top regions employ large numbers of biomanufacturing workers, roughly half
have lower concentrations than the national average, meaning biomanufacturing represents a
smaller share of their overall economies. For example, New York has the nation’s largest
biomanufacturing workforce, but its concentrations in finance, technology, and other sectors
means biomanufacturing workers make up a relatively small portion of the region’s talent
pool. These patterns highlight that size and concentration do not always align: some regions
drive growth through scale, while others lead through focus and depth of expertise.

High location quotients can be driven by small employment bases. In smaller regions, the
presence of a limited number of workers in a specialized occupation can produce a high LQ,
even when the absolute size of the workforce is small. For this reason, LQs are most
informative when considered together with employment counts and growth trends.
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Table F. Top Regions with Biomanufacturing Talent in Manufacturing, 2023

Region Number of Workers

Los Angeles-Long Beach-Anaheim, CA 84,717

Chicago-Naperville-Elgin, IL-IN 82,188
New York-Newark-Jersey City, NY-NJ 79,283
Houston-Pasadena-The Woodlands, TX 52,798
Detroit-Warren-Dearborn, MI 49,995
Dallas-Fort Worth-Arlington, TX 49,072
Boston-Cambridge-Newton, MA-NH 45,256
Philadelphia-Camden-Wilmington, PA-NJ-DE-MD 44,523
Minneapolis-St. Paul-Bloomington, MN-WI 42,181
Atlanta-Sandy Springs-Roswell, GA 37,067

Source: ACS 2023 (5-year estimates)

Region Number of Workers % Growth (2020-2023)

Phoenix-Mesa-Chandler, AZ 67,419 20.22%

Austin-Round Rock-San Marcos, TX 40,541 27.55%
Tampa-St. Petersburg-Clearwater, FL 35,304 26.52%
San Antonio-New Braunfels, TX 28,072 22.55%
Orlando-Kissimmee-Sanford, FL 27,494 29.22%
Virginia Beach-Chesapeake-Norfolk, VA-NC 27,362 30.25%
Raleigh-Cary, NC 27,227 25.19%
Worcester, MA 20,945 20.37%
Jacksonville, FL 18,400 42.70%
Las Vegas-Henderson-North Las Vegas, NV 18,095 32.61%

Table G. Top Defense-Driven, High-Growth Regions, 2023

Source: ACS 2023 (5-year estimates) Regions with Over 4,000 Jobs and Over 20% 3-Year Growth (2020-2023)



Region Top Industry Share of
Employment

New York-Newark-Jersey City, NY-NJ
Scientific research and development
services

22.60%

Los Angeles-Long Beach-Anaheim, CA
Junior colleges, colleges, universities,
and professional schools

15.70%

Chicago-Naperville-Elgin, IL-IN
General, surgical, and specialty
hospitals (excluding psychiatric and
substance abuse).

17.00%

Houston-Pasadena-The Woodlands, TX
Scientific research and development
services

17.00%

Boston-Cambridge-Newton, MA-NH
Scientific research and development
services

38.60%

Dallas-Fort Worth-Arlington, TX
Museums, historical sites, and similar
institutions

16.60%

Philadelphia-Camden-Wilmington, PA-NJ-DE-MD
Pharmaceutical and medicine
manufacturing

27.00%

Washington-Arlington-Alexandria, DC-VA-MD-WV
Scientific research and development
services

30.30%

Atlanta-Sandy Springs-Roswell, GA
Administration of human resource
programs

43.40%

San Francisco-Oakland-Fremont, CA
Scientific research and development
services

35.70%
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Table H. Top Industries, by Top Regions, 2023

Figure B. Regions with Greatest Share of Each Worker Type, 2023

Source: ACS 2023 (5-year estimates)

Source: ACS 2023 (5-year estimates)
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Appendix E: Methodological Notes
This report utilizes multiple federal datasets, labor market analytics, and literature to provide
an assessment of the U.S. biomanufacturing workforce. The analysis was conducted by the
Center for Regional Economic Competitiveness (CREC) in partnership with the U.S.
Department of Defense Office of the Secretary of Defense Manufacturing Technology (OSD
ManTech).

Scope and Definitions

Relevant biomanufacturing occupations were identified using the Standard Occupational
Classification (SOC) system. The SOC codes were defined by the North Carolina
Biotechnology Center’s report, North Carolina Biopharma Manufacturing Labor Market
Analysis – Triangle Region. NCBiotech is a leader in the field; therefore, their definitions for
the four worker types within biomanufacturing were used in this study.  

Data Sources

Employment and Demographics: U.S. Bureau of Labor Statistics (BLS) Occupational
Employment and Wage Statistics (OEWS) and American Community Survey (ACS) Public
Use Microdata provided information on employment totals, wages, and demographic
composition (age, sex, race/ethnicity, veteran status, and nativity).
Regional Workforce Trends: Data were aggregated to the metropolitan statistical area
(MSA) level to identify geographic concentrations, growth patterns, and location
quotients.
Education and Training: National Center for Education Statistics (NCES) Integrated
Postsecondary Education Data System (IPEDS) and U.S. Census Bureau Post-Secondary
Employment Outcomes (PSEO) were used to assess graduate output and sectoral
placements. Degree fields were mapped to relevant biomanufacturing occupations using
CIP-to-SOC crosswalks. Registered Apprenticeship Partners Information Data System
(RAPIDS) was used for apprenticeship data. 
Skills Analysis: ONET occupational descriptions were used to examine in-demand tasks,
skills, and software tools. ONET provides nationally standardized skill requirements.
Adjacent Occupations: ONET defines the relatedness of different occupations based in
being a direct relation (primary) or a semi-relevant occupation (supplemental). This data
was used to find relevant occupations to the defined list of biomanufacturing
occupations. 
Policy and Investment Context: Federal program documentation, DoD Strategic Plans and
program releases, and MII reports supplemented the workforce analysis with insights on
funding priorities and regional investment flows.

https://www.ncbiotech.org/sites/default/files/laborstudy_10_triangle.pdf
https://www.ncbiotech.org/sites/default/files/laborstudy_10_triangle.pdf
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Analytical Approach

Occupational codes (SOC) and educational codes (CIP) were defined for biomanufacturing to
measure number of workers and completions. Employment change was measured using both
absolute numbers and percentage change between 2020 and 2023, supplemented with
location quotients to indicate regional specialization. Demographic characteristics were
provided nationally and for each MSA. Education attainment data was examined by both
number of completions and labor market outcomes one-year post-graduation.

Limitations

The analysis is constrained by differences in occupational definitions across data sources and
the lag in publicly available statistics (e.g., ACS five-year estimates). The report focuses on
occupations most directly tied to biomanufacturing; related roles in supply chain logistics,
facilities management, or adjacent fields may not be fully captured.

For the purposes of this report, 22 occupations with skills relevant and important to the
biomanufacturing industry were selected, regardless of their current industry of employment.
This definition is not all-inclusive but is intended to capture core occupations that support
biomanufacturing production, operations, and scale-up.
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