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Introduction

The transition to hydrogen fuel cell buses (FCEBs)
in public transit is a critical strategy for reducing
greenhouse gas (GHG) emissions, particularly
in regions like California where transportation
contributes a substantial share of total emissions.
FCEBs represent a promising solution due to their zero
tailpipe emissions, long operational range, and rapid
refueling capabilities. However, this technological
transition introduces significant workforce challenges.
The existing transit workforce, already strained by labor
shortages and retirements, must adapt to hydrogen-
based technologies, and current training systems and
workforce development strategies are not fully aligned
with these needs. This study addresses a critical
gap by examining the knowledge, skills, and abilities
(KSAs) required for FCEB operations and maintenance,
assessing limitations in existing training frameworks,
and identifying effective workforce development
strategies. The findings provide actionable insights
for transit agencies seeking to build a capable and
sustainable workforce to support large-scale FCEB
adoption.

Study Methods

This study employed a qualitative research design
to explore workforce development challenges
associated with FCEB adoption. The methodology
combined two primary data sources: a systematic
literature review and semi-structured interviews
with industry stakeholders. The literature review
synthesizedacademic,governmental,and practitioner
sources to establish a foundational understanding of
FCEB technology, workforce requirements, training
systems, and policy context. Multiple databases and
repositories were used, and sources were selected
based on relevance, credibility, and recency. The
review was structured around key themes, including

policy drivers, technical characteristics of FCEBs,
workforce challenges, KSAs, training ecosystems, and
workforce strategies.

Primary data were collected through semi-structured
interviews with 20 participants representing transit
agencies, original equipment manufacturers (OEMs),
training organizations, and industry stakeholders
across the United States. Participants were selected
using purposive and maximum variation sampling
to capture diverse perspectives across agency size,
geographic location, and stages of FCEB adoption.
Interviews were conducted remotely, recorded with
consent, and transcribed for analysis. Data analysis
was done following Braun and Clarke’s (2006)
six-phase framework. Coding was both inductive
and deductive, aligned with the study’s research
guestions on KSAs, training gaps, and workforce
strategies. The research team repeatedly reviewed
the findings and compared them with existing studies
to strengthen reliability and identify consistent
patterns. This approach ensured a comprehensive
and practice-grounded understanding of FCEB
workforce development challenges.

Findings

The study identifies three major findings related to
workforce competencies, traininggaps, and workforce
strategies. First, FCEB workforce requirements are
significantlymorecomplexthanthoseforconventional
transit technologies. Maintenance technicians must
develop tri-disciplinary competencies spanning
electrical systems, hydrogen safety, and fuel cell
diagnostics, with electrical fundamentals emerging
as a critical prerequisite. Operators require targeted
training in hydrogen safety, energy management, and
emergency response, though their training needs are
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less extensive than those of maintenance technicians.
Second, substantial gaps exist in the current training
ecosystem. There is no standardized national
training framework or certification pathway for FCEB
workforce development, resulting in inconsistent
skill levels across agencies. Training is heavily reliant
on OEMs, which provide product-specific instruction
that is not transferable and often not sustained over
time.

The workforece crisis in transit is already
severe. FCEBs make it worse, demanding
tri-disciplinary expertise in electrical,

mechanical, and hydrogen chemical
safety that no predecessor technology
ever required of a single worker.

Additionally, training for operators and facility
staff is underdeveloped, and smaller agencies face
limited access to training resources, creating a two-
tier system of workforce readiness. Third, effective
workforce development depends on strategic
organizational approaches rather than training alone.
Agencies rely on “grow-your-own” models, recruiting
individuals with general mechanical or electrical
aptitude and developing FCEB-specific skillsinternally.
Success is strongly associated with cognitive traits
such as problem-solving ability and adaptability.
Structured mentorship, clear career pathways, and
partnerships with educational institutions are critical
for recruitment and retention. Overall, workforce
readiness is a system-level challenge requiring
coordinated strategies across training, recruitment,
and organizational capacity.

Policy/Practice Recommendations

To support effective FCEB workforce development,
coordinated policy and practice interventions are
required. First, a standardized national training
framework and certification pathway should be
established to ensure consistent competency levels
across transit agencies. Second, public investment
should prioritize regional training centers and shared
infrastructure to address disparities between large
and small agencies. Third, training programs must
extend beyond technicians to include operators
and facility staff, with an emphasis on safety and

behavioral compliance. Fourth, agencies should
adopt structured workforce strategies, including
apprenticeship programs, mentorship models,
and clear career progression pathways tied to
skill development. Finally, stronger partnerships
with community colleges and technical education
programs are essential to building a sustainable
talent pipeline. Policymakers should support
curriculum development and funding mechanisms
that align education systems with FCEB workforce
needs. Together, these measures will enable transit
agencies to develop a skilled, adaptable workforce
capable of supporting the transition to zero-emission
transit systems.

About the Authors

Dr. Manideep Tummalapudi (Mani) is an Assistant Professor in
the Department of Construction Management and Architectural
Studies at California State University, Fresno. Dr. Shantanu Kumar
is an Assistant Professor at California Polytechnic State University,
San Luis Obispo. Jaskaran Preet Singh is a graduate student in
Construction Management at California State University, Fresno.

To Learn More

For more details about the study, download the full report at
https://transweb.sjsu.edu/research/2546

MmTI/

MTlisaUniversity Transportation Center sponsored by the US Department
of Transportation, the California Department of Transportation, and
public and private grants, including those made available by the Road
Repair and Accountability Act of 2017 (SB1). The Institute is part of San
José State University’s Lucas Graduate School of Business.

CSU Transportation Consortium

transweb.sjsu.edu/csutc


https://transweb.sjsu.edu/research/2546
transweb.sjsu.edu/csutc




Accessibility Report





		Filename: 

		Advancing Clean Mobility_RB_2026_REM.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found problems which may prevent the document from being fully accessible.





		Needs manual check: 2



		Passed manually: 0



		Failed manually: 0



		Skipped: 0



		Passed: 29



		Failed: 1







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Needs manual check		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Needs manual check		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Passed		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Failed		Appropriate nesting










Back to Top



