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R public-private approach
to workforce 4.0 development

Biopharmaceutical companies are actively adopting the principles of
Industry 4.0, a convergence of technologies that represent the future
of manufacturing.! Industry 4.0 encompasses a wide range of advances
including digital technologies, artificial intelligence, machine learning,
automation, and analytics performed on vast amounts of data. It also
applies the principles of lean manufacturing to generate greater output,
improve returns on investment, and reduce waste and environmental

harm.2

The Need for Workforce
Evolution

The evolution to Industry

4.0 requires a workforce

with new skills, new ways

of thinking, and creative
problem-solving capabilities.

In addition to expertise in the
science of biopharmaceutical
research and development,
companies need employees
with an understanding of
advanced digitalized and lean
biomanufacturing. Today, gaps
in the skillsets of new hires and
a shortage of trained workers,
however, threaten to slow the
transition towards digitalizing
and automating operations. This
is reflected in the results of a
2023 survey of 1,250 biopharma
executives across 22 countries
which concluded that, among
the pressing issues confronting
the industry, sourcing talent was
a major challenge.?

To shape the biopharmaceutical
workforce, companies must
address the skill gaps among
new hires, existing employees,
and future generations.
Collaborations between industry,

governments, and educational
institutions are essential to
develop and deploy targeted
and specialized training
programs that encompass
traditional scientific disciplines,
digital competencies, and
practical experience. The
traditional focus on biology,
biochemistry, pharmacology,
and industrial engineering must
be supplemented with training
on information and operational
technology, supported by real-
world experience enabled by
internships and other hands-

on opportunities. In parallel,
drug manufacturers must foster
continuous learning for existing
employees, offer internship
opportunities to provide practical
experience, and guide academic
institutions as they seek to
better prepare graduates for
employment at Industry 4.0
facilities.

In this paper, we provide
greater detail on the workforce
challenges presented by
Industry 4.0 and highlight
exciting new public-private
approaches for addressing these
needs.

The Challenges of
Implementing Industry
4.0

Beyond traditional scientific
education in such disciplines

as biology and engineering,

the modern biopharmaceutical
industry demands proficiency
in data management, Al,

and automation and the like.
Transitioning to Industry 4.0
also calls for developing specific
soft skills. Adaptability is
paramount. In an ever-evolving
technological landscape,
employees must engage
continuously in learning,
unlearning, and training to
keep their skills in sync with
workplace demands.*

Reskilling and upskilling

are part of the solution

and collaborations between
businesses and educational
institutions are critical - and
time is of the essence.



Potential Hires Are Not
Prepared

While new university graduates
know the latest scientific
concepts, they often lack the
full range of skills required to
work in modern 4.0 facilities.
As manufacturing operations
evolve, the skills expected of
new hires must also evolve.®
Adding to this imperative,
biopharmaceutical companies
compete for talent with many
other employers in their own
countries and at a global level.®
As one observer put it, Industry
4.0 “has positioned the sector
in direct competition with the
technology industry” for talent.”
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Figure 1. Skills that appear most frequently in curricula of learning factories around the world.

While new university graduates know the
latest scientific concepts, they often lack
the full range of skills required to work in
modern 4.0 facilities.

Existing Employees are Not
Prepared

While existing employees have
the requisite industry experience
within their communities of
practice, they may lack the skills
needed for the transition to
Industry 4.0.8 Lags in workforce
training and the skill gaps of
many current employees as

the industry advances are
increasingly evident. In most
cases, the growing use of data
science, Al, machine learning,
process automation, and robotics
will not necessarily supplant
factory workers. Rather, such
usage will substantially alter the
characteristics of many jobs,
compelling employees to master
a broader array of skills than
traditionally needed.?®
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Industry Is Not Prepared

Many biopharmaceutical
industries have deemed their
systems, data and approaches
to organization management
as being inadequate for the
transition to Industry 4.0.1°

At a fundamental level,
managers recognize that change
will necessitate a significant
cultural shift, one that might be
both expensive and disruptive to
employees. At all organizational
levels, staff may need to
embrace entirely new work
approaches, as their facilities
implement state-of-the-art
technologies and processes for
realizing operational efficiency.!!
Reskilling and upskilling are part
of the solution.
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Strategies for Developing a Talent
Pipeline

Automation, centralization and new job
requirements could affect as much as

90 percent of today’s biopharmaceutical
manufacturing workforce.'? To upskill the
current workforce and successfully train future
workers, employers and other public and private
stakeholders need deliberate strategies. Such
approaches include:

e Hands-on Learning Environments:
Establish hands-on educational or proof-of-
concept (PoC) spaces known as “learning/
collaboration factories” where students
can engage in real-world biomanufacturing
processes with the latest solutions and
technologies.

e Diverse Hiring Practices: Seek candidates
with a mix of hard and soft skills to foster
adaptability and creativity in problem-
solving.

e Promote 4.0-Specific Careers in
Biopharmaceutical Manufacturing:
Implement targeted promotional campaigns
that highlight the innovative and dynamic
nature of careers in Biopharma 4.0.

e Career Advancement Pathways:
Promote non-traditional routes for career
development, including such as retraining
workers from other industries including
lateral entrants and career changes.

e Strategic Workforce Planning: Integrate
workforce development into overall
operations strategies to ensure alignment
with Industry 4.0 requirements.

e Adapting Existing Training Programs:
Continuously update existing training
programs and create new ones that reflect
the latest technological advancements.!3

Targeted government support and strategies
for workforce development also will help.**
Governmental bodies in Europe and other
regions have acknowledged as much and are
striving to expedite implementation.

National Initiatives to Promote Innovation
in Biopharma Manufacturing

Many countries have implemented strategies
and established structures for promoting
Industry 4.0, such as training the workforce of
the future.

For example, with French national and regional
governments, the European Investment Bank
(EIB) co-financed a project called Bio’Occ
(short for “biotherapy and bioproduction in
Occitanie”) in Toulouse.!® The project attracted
significant funding for the company Evotec
and a biomanufacturing training centre at the
University of Toulouse.?®

In a project called CALIPSO (short for “online
process sensors and innovative bioproduction
solutions”), French public funding helped a
consortium of Sanofi, Capgemini, GPC Bio,

and other companies to seek “a new paradigm
for bioproduction processes,” with a goal of
designing new digital and connected tools for
biomanufacturing that could speed production of
certain biologics tenfold.”

Automation, centralization and
new job requirements could
affect as much as 90 percent
of today’s biopharmaceutical
manufacturing workforce. To
upskill the current workforce
and successfully train future
workers, employers and other
4 public and private stakeholders
need deliberate strategies.



The development of training programs
in public-private partnerships is an
effective approach to supporting
biomanufacturing’s future workforce.

Learning Factories

Learning factories approximate the experience
of biomanufacturing facilities of the

future, where staff can safety-test process
improvements and modifications in production,
and employees can upgrade their skills.!®
Examples of such facilities include the National
Institute for Bioprocessing Research and
Training (NIBRT) and at the Biomanufacturing
Training and Education Center at North Carolina
State University. Figure 1 lists the skills that
most frequently appear in the curricula of
learning factories around the world.*®

Public-Private Training Initiatives

The development of training programs in public-
private partnerships is an effective approach to
supporting biomanufacturing’s future
workforce.?° By collaborating with industry,
universities can keep job candidates up to date
on equipment, processes, and regulatory and
compliance issues within the industry.?! Such
collaboration also can help to align the requisite
skill sets for workers in different entry roles.

To support these training approaches, the
European Commission and the member states
have expanded funding for advanced
biomanufacturing 4.0. A range of diverse
biomanufacturing training initiatives based in
Europe are responding to this growing Industry
4.0 need.

As part of the France 2030 re-industrialisation
project, the French government has launched
the creation of trades and qualification
campuses to bring together those involved in
training and business. The mission of the new
Biotech-Santé campus in the AuRA (Auvergne
Rhone Alpes) region is to facilitate the transition
to Industry 4.0 by providing training in cross-
disciplinary skills. In parallel, several technology
platforms that mimic industrial environments
and equipment are being developed. For
example, the Institut Bio3 (Tours, France) and

Innobiovir (Lyon, France) offer training to
corporate research teams, as well as to
university lecturers and students, in areas such
as quality control and biomanufacturing. This
initiative also provides access to equipment so
that students and educators can gain experience
in a simulated manufacturing environment.

There are similar initiatives in the United States.
For example, the National Institute for
Innovation in Manufacturing Biopharmaceuticals
(NIIMBL), headquartered at the University of
Delaware, publishes training resources, connects
training programs with employers and works to
promote careers in biomanufacturing among
workers with relevant skills in other sectors.?? It
considers strong industry partnerships critical to
developing new academic training programs for
biomanufacturing 4.0.23 NIIMBL also forms
consortia to identify specific skills that will be
needed in the 4.0 workplace.

As a leading, global provider of analytical and
digital technologies, Merck Life Sciences is
enabling the evolution of biopharmaceutical
companies towards Industry 4.0 and is active in
a wide range of training initiatives. For example,
the company contributes to onsite and remote
training in advanced biomanufacturing through
its global network of facilities known as M Lab™
Collaboration Centers, including a location in
Molsheim, France.?* The M Lab™ network gives
scientists and engineers access to new ideas and
techniques, cutting-edge equipment, analytical
and modelling support, and other advice from
the company’s engineering and scientific
experts. Merck also founded a consortium that
includes academic and industrial organizations,
as well as strategic partners specializing in grant
acquisition and thought leadership, to support
the development of the Industry 4.0 workforce.



The Way Forward

The principles of Industry 4.0 are being integrated into the manufacturing workflows and facilities
across the biopharmaceutical industry. To take full advantage of the benefits offered by this
evolution, a workforce that is trained and well-versed in the core elements of Industry 4.0 will

be essential. Public-private initiatives, such as those described, are well underway and will play a
foundational role in nurturing the development of new skills, new ways of thinking, and creative
problem-solving capabilities of current and future employees in the industry.



http://www.sigmaaldrich.com/deepweb/assets/sigmaaldrich/marketing/global/documents/388/083/workforce-4-0-biopharma-long-wp14233en-mk.pdf
http://www.sigmaaldrich.com/deepweb/assets/sigmaaldrich/marketing/global/documents/388/083/workforce-4-0-biopharma-long-wp14233en-mk.pdf

References

1. Klaus Schwab, “The Fourth Industrial Revolution:
What It Means, How to Respond,” WEForum, World
Economic Forum, Jan. 14, 2016,
https://www.weforum.org/agenda/2016/01/the-fourth-
industrial-revolution-what-it-means-and-how-to-

respond/.

2. James P. Womack and Daniel T. Jones, Lean Thinking:
Banish Waste and Create Wealth in Your Corporation, rev.
ed. (New York: Free Press, 2003): 15-101, https://www.
oogle.com/books/edition/Lean_Thinkin ZrZAAAAQBAJ.
See also “Implementing Industry 4.0 Principles,” https://

www.sciencedirect.com/science/article/abs/pii/
S0360835221002837.

3. “2023 Global Biopharma Resilience Index,” Cytiva,
Global Life Sciences Solutions USA LLC, Sept. 26, 2023,
https://cdn.cytivalifesciences.com/api/public/content

dfNVgLAyxEGCOE2XCy8Ydg-original?v=b0464463.

4. “European Council, 19-20 Oct. 2017,” European
Union, Oct. 19, 2017, https://www.consilium.europa.eu/
en/meetings/european-council/2017/10/19-20/.

5. Kathy L. Nugent and Avi Kulkarni, “An Interdisciplinary
Shift in Demand for Talent within the Biotech Industry,”
Nature Biotechnology 31, no. 9 (Sept. 2013): 853-55,
https: i.org/10.1 nbt.2694.

6. Jason Beckwith et al., “The Talent Enigma in Digital
Biomanufacturing,” BioProcess International Blog, Feb. 9,
2023,
https://bioprocessintl.com/business/careers/the-talent-

enigma-in-digital-biomanufacturing/.

7. Jason Beckwith “Staying Afloat in the Biopharma
Talent Pool?” Biopharma 4.0: The Talent Continuum,
Biospace Inc., June 16, 2022,
https://www.biospace.com/article/biopharma-4-0-the-
talent-continuum/.

8. Kathy L. Nugent and Avi Kulkarni, “An Interdisciplinary
Shift in Demand for Talent within the Biotech Industry,”
Nature Biotechnology 31, no. 9 (Sept. 2013): 853-55,
https://doi.org/10.1038/nbt.2694.

9. Kathleen Bolter et al., “"Automation Workforce
Productivity: How Illinois Manufacturers are Adopting
Advanced Technologies,” WE Upjohn Institute for
Employment Research, Oct. 14, 2021, https://research.

upjohn.org/reports/269/.

10. Kathy L. Nugent and Avi Kulkarni, “An
Interdisciplinary Shift in Demand for Talent within the
Biotech Industry,” Nature Biotechnology 31, no. 9 (Sept.
2013): 853-55, https://doi.org/10.1038/nbt.2694.

11. Kathleen Bolter et al., "Automation Workforce
Productivity: How Illinois Manufacturers are Adopting
Advanced Technologies,” WE Upjohn Institute for
Employment Research, Oct. 14, 2021, https://research.
upjohn.org/reports/269/.

12. Hillary Dukart et al., “"Emerging from Disruption: The
Future of Pharma Operations Strategy,” McKinsey,
McKinsey & Co., Oct. 10, 2022, https://www.mckinsey.
com/capabilities/operations/our-insights/emerging-from-
disruption-the-future-of-pharma-operations-strategy.

13. Hillary Dukart et al., “Six New Pharmaceutical
Industry Trends,” McKinsey, McKinsey& Co., Oct. 10, 2022,
https://www.mckinsey.com/capabilities/operations
our-insights/emerging-from-disruption-the-future-of-
pharma-operations-strategy; and Maria Hulla et al., “"A
Case Study Based Digitalization Training for Learning
Factories,” Procedia Manufacturing 31 (2019): 169-74,
https://doi.org/10.1016/j.promfg.2019.03.027.

14. Susan Helper et al., “Factories of the Future:
Technology, Skills, and Digital Innovation at Large

Manufacturing Firms,” Research Brief, Jan. 2021, https://

workofthefuture.mit.edu/wp-content/
uploads/2021/01/2021-Research-Brief-Helper-Reynolds-
Traficonte-Singh4.pdf.

15. “Kick Off Meeting for the Bio’Occ [Biothérapie and
Bioproduction en Occitanie] Project,” Science News,
University of Montpellier, June 14, 2023, https://sciences.
edu.umontpellier.fr/en/2023/06/14/kick-off-meeting-du-
projet-bioocc/.

16. “France: Evotec Receives a Loan of €150 Million from

the EIB,” Press Release, European Investment Bank, Feb.

10, 2023, https://www.eib.or ress/all/2023-052-
votec-receives-eur150-million-loan-from-eib.

17. Its educational partner is CentraleSupélec, affiliated
with the graduate engineering school of the University of
Paris-Saclay. With a total budget of almost €17.5 million,
including over €8 million from national public funds, the
project aims to develop a new generation of tools that will
ultimately revolutionize the development and
management of industrial bioproduction processes.
Experts expect these tools to help increase the
productivity of certain bioproduction stages by as much as
a factor of ten. “Launch of CALIPSO Project with Sanofi,
CapGemini, Ypso-Fcto, GPC Bio, CEA [the French
Alternative Energies and Atomic Energy Commission] and
CentraleSupélec,” Biotechnology News, CentraleSupélec,

Sept 16, 2021, tth ZZWWW centralesugelec fr[enz

YpSo- facto-ch-blo cea-and- centralesugele C.

18. For more, see Elma Alexandra Sadaj et al.,
“Corporate Learning Factories: Benefits, Challenges, and
Success Factors of Learning Factories in Industry,”
Proceedings of the Conference on Learning Factories (June
17, 2021), https://ssrn.com/abstract= 4; Antonio
KreB, Simon Wuchterl and Joachim Metternich, “Design
Approaches for Learning Factories: Review and
Evaluation,” Proceedings of the Conference on Learning
Factories (July 1, 2021), https://ssrn.com/
abstract=3857880; and Astrid Weyand et al.,
“Sustainability and Circular Economy in Learning
Factories: Case Studies,” Proceedings of the 12th
Conference on Learning Factories (April 10, 2022),
https://ssrn.com/abstract=4 162.

19. Maira Callupe et al. “An Inclusive Overview of
Learning Factories Around the Globe,” Proceedings of the
Conference on Learning Factories (May 10, 2021), https://
ssrn.com/abstract=3863491.

20. Maria X. Chacon, “"NIIMBL Selects Largest eXperience
Program Cohort to Date,” News, NIIMBL, April 25, 2023,
https://niimbl.my.site.com/s/news/a0a3u00000BgSbcAAF

niimbl-selects-largest-experience-program-cohort-to-
date.

21. Jason Beckwith et al., "The Talent Enigma in Digital
Biomanufacturing,” BioProcess International Blog, Feb. 9,
2023,
https://bioprocessintl.com/business/careers/the-talent-

enigma-in-digital-biomanufacturing/.

22. “About NIIMBL,” NIIMBL, National Institute for
Innovation in Manufacturing Biopharmaceuticals,

n.d. https://niimbl.my.site.com/s/about-niimbl, accessed
Dec. 14, 2023.

23. “Members and Federal Stakeholder Agencies,”
NIIMBL, National Institute for Innovation in Manufacturing
Biopharmaceuticals, n.d., htt niimbl.my.sit
member-organizations, accessed Dec. 14, 2023.

24. “Merck KGaA, Darmstadt, Germany Announces
Opening of First M Lab Collaboration Centre,” Press
Releases, Merck KGaA, March 20, 2019, https://www.
emdgroup.com/en/news/first-mlab-collaboration-center-
in-europe-20-03-2019.html.


https://www.weforum.org/agenda/2016/01/the-fourth-industrial-revolution-what-it-means-and-how-to-respond/
https://www.weforum.org/agenda/2016/01/the-fourth-industrial-revolution-what-it-means-and-how-to-respond/
https://www.weforum.org/agenda/2016/01/the-fourth-industrial-revolution-what-it-means-and-how-to-respond/
https://www.google.com/books/edition/Lean_Thinking/QZrZAAAAQBAJ
https://www.google.com/books/edition/Lean_Thinking/QZrZAAAAQBAJ
https://www.sciencedirect.com/science/article/abs/pii/S0360835221002837
https://www.sciencedirect.com/science/article/abs/pii/S0360835221002837
https://www.sciencedirect.com/science/article/abs/pii/S0360835221002837
https://cdn.cytivalifesciences.com/api/public/content/dfNVgLAyxEGcOE2XCy8Ydg-original?v=b0464463
https://cdn.cytivalifesciences.com/api/public/content/dfNVgLAyxEGcOE2XCy8Ydg-original?v=b0464463
https://www.consilium.europa.eu/en/meetings/european-council/2017/10/19-20/
https://www.consilium.europa.eu/en/meetings/european-council/2017/10/19-20/
https://doi.org/10.1038/nbt.2694
https://bioprocessintl.com/business/careers/the-talent-enigma-in-digital-biomanufacturing/
https://bioprocessintl.com/business/careers/the-talent-enigma-in-digital-biomanufacturing/
https://www.biospace.com/article/biopharma-4-0-the-talent-continuum/
https://www.biospace.com/article/biopharma-4-0-the-talent-continuum/
https://doi.org/10.1038/nbt.2694
https://research.upjohn.org/reports/269/
https://research.upjohn.org/reports/269/
https://doi.org/10.1038/nbt.2694.
https://research.upjohn.org/reports/269/
https://research.upjohn.org/reports/269/
https://www.mckinsey.com/capabilities/operations/our-insights/emerging-from-disruption-the-future-of-pharma-operations-strategy
https://www.mckinsey.com/capabilities/operations/our-insights/emerging-from-disruption-the-future-of-pharma-operations-strategy
https://www.mckinsey.com/capabilities/operations/our-insights/emerging-from-disruption-the-future-of-pharma-operations-strategy
https://www.mckinsey.com/capabilities/operations/our-insights/emerging-from-disruption-the-future-of-pharma-operations-strategy
https://www.mckinsey.com/capabilities/operations/our-insights/emerging-from-disruption-the-future-of-pharma-operations-strategy
https://www.mckinsey.com/capabilities/operations/our-insights/emerging-from-disruption-the-future-of-pharma-operations-strategy
https://doi.org/10.1016/j.promfg.2019.03.027
https://workofthefuture.mit.edu/wp-content/uploads/2021/01/2021-Research-Brief-Helper-Reynolds-Traficonte-Singh4.pdf
https://workofthefuture.mit.edu/wp-content/uploads/2021/01/2021-Research-Brief-Helper-Reynolds-Traficonte-Singh4.pdf
https://workofthefuture.mit.edu/wp-content/uploads/2021/01/2021-Research-Brief-Helper-Reynolds-Traficonte-Singh4.pdf
https://workofthefuture.mit.edu/wp-content/uploads/2021/01/2021-Research-Brief-Helper-Reynolds-Traficonte-Singh4.pdf
https://sciences.edu.umontpellier.fr/en/2023/06/14/kick-off-meeting-du-projet-bioocc/
https://sciences.edu.umontpellier.fr/en/2023/06/14/kick-off-meeting-du-projet-bioocc/
https://sciences.edu.umontpellier.fr/en/2023/06/14/kick-off-meeting-du-projet-bioocc/
https://www.eib.org/fr/press/all/2023-052-evotec-receives-eur150-million-loan-from-eib
https://www.eib.org/fr/press/all/2023-052-evotec-receives-eur150-million-loan-from-eib
https://www.centralesupelec.fr/en/biotechnology-launch-calipso-project-sanofi-capgemini-ypso-facto-gpc-bio-cea-and-centralesupelec
https://www.centralesupelec.fr/en/biotechnology-launch-calipso-project-sanofi-capgemini-ypso-facto-gpc-bio-cea-and-centralesupelec
https://www.centralesupelec.fr/en/biotechnology-launch-calipso-project-sanofi-capgemini-ypso-facto-gpc-bio-cea-and-centralesupelec
https://ssrn.com/abstract=3868704
https://ssrn.com/abstract=3857880
https://ssrn.com/abstract=3857880
https://ssrn.com/abstract=4080162
https://ssrn.com/abstract=3863491
https://ssrn.com/abstract=3863491
https://niimbl.my.site.com/s/news/a0a3u00000BqSbcAAF/niimbl-selects-largest-experience-program-cohort-to-date
https://niimbl.my.site.com/s/news/a0a3u00000BqSbcAAF/niimbl-selects-largest-experience-program-cohort-to-date
https://niimbl.my.site.com/s/news/a0a3u00000BqSbcAAF/niimbl-selects-largest-experience-program-cohort-to-date
https://bioprocessintl.com/business/careers/the-talent-enigma-in-digital-biomanufacturing/
https://bioprocessintl.com/business/careers/the-talent-enigma-in-digital-biomanufacturing/
https://niimbl.my.site.com/s/about-niimbl
https://niimbl.my.site.com/s/member-organizations
https://niimbl.my.site.com/s/member-organizations
https://www.emdgroup.com/en/news/first-mlab-collaboration-center-in-europe-20-03-2019.html
https://www.emdgroup.com/en/news/first-mlab-collaboration-center-in-europe-20-03-2019.html
https://www.emdgroup.com/en/news/first-mlab-collaboration-center-in-europe-20-03-2019.html

Merck KGaA
Frankfurter Strasse 250
64293 Darmstadt, Germany

© 2025 Merck KGaA, Darmstadt, Germany and/or its affiliates. All Rights Reserved. Merck, the vibrant M and Bio4C are
trademarks of Merck KGaA, Darmstadt, Germany or its affiliates. All other trademarks are the property of their respective
owners. Detailed information on trademarks is available via publicly accessible resources.

MK_WP14235EN Ver. 1.0 60840 06/2025

PMERRC K



