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December 19, 2022

The Honorable Bill Ferguson
President, Maryland Senate
H-107, State House

100 State Circle

Annapolis, MD 21401-1991

The Honorable Adrienne Jones
Speaker, Maryland House of Delegates
H-101, State House

100 State Circle

Annapolis, Maryland 21401-1991

RE: Final Report — Transforming Manufacturing in a Digital Economy Workgroup (Making
It in Maryland)

Dear President Ferguson and Speaker Jones:

In accordance with CHs 581 & 582, Acts of 2021, we are pleased to submit the final report of
the “Transforming Manufacturing in a Digital Economy Workgroup (Making It in Maryland).”

Thanks to your leadership and the strong bipartisan support of the legislation that led to this
workgroup, we are proud to share the product of our work over the past year and a half. We
hope you find this report informative and timely in shaping the necessary policies to usherin a
new era for Maryland manufacturing while lifting our communities.

We look forward to our continued partnership in reclaiming Maryland’s manufacturing
leadership.

Sincerely,
83E038716805411...
Delegate Lily Qi

Chair
Transforming Manufacturing in a Digital Economy Workgroup (Making It in Maryland)

Enclosure:
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cc: Sarah Albert, DLS

MEMORANDUM

TO: The Honorable Larry Hogan
Governor

FROM: Delegate Lily Qi
Chair, Transforming Manufacturing in a Digital Economy Workgroup (Making It
in Maryland)

THRU: Allison Mayer

Deputy Chief of Staff, Governor’s Office
DATE: December 19, 2022

SUBJECT: Final Report — Transforming Manufacturing in a Digital Economy Workgroup
(Making It in Maryland)

In accordance with CHs 581 & 582, Acts of 2021, we are pleased to submit the final report of
the “Transforming Manufacturing in a Digital Economy Workgroup (Making It in Maryland).”

Thanks to your leadership and the strong bipartisan support of the legislation that led to this
24-member workgroup, we are proud to share the product of our work over the past 16
months (from September 2021 to December 2022). We hope you find this report informative
and timely in shaping the necessary policies to pivot Maryland in the new regional and global
economy while lifting our communities.

We look forward to your review of the report and our continued partnership in reclaiming
Maryland’s leadership in manufacturers and growing 21t century jobs.

Attachment
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December 19, 2022

The Honorable Wes Moore
Maryland Governor-Elect
PO Box 50123

Baltimore, MD 21211

RE: Final Report — Transforming Manufacturing in a Digital Economy Workgroup (Making
It in Maryland)

Dear Governor-Elect Moore:

In accordance with CHs 581 & 582, Acts of 2021, we are pleased to submit the final report of
the “Transforming Manufacturing in a Digital Economy Workgroup (Making It in Maryland).”

Thanks to the bipartisan legislative support that led to this workgroup, we are proud to share
the product of our work over the past year and a half. We are encouraged by your strong policy
interests in supporting Maryland manufacturing and hope you find this report informative and
timely in shaping the necessary policies to improve our game.

We look forward to our partnership in reclaiming Maryland’s manufacturing leadership.
Sincerely,

E83EO38716805411...

Delegate Lily Qi

Chair
Transforming Manufacturing in a Digital Economy Workgroup (Making It in Maryland)

Enclosure:



DocuSign Envelope ID: 25544505-8E6A-4337-AD96-59209293E4E4

9
Maryland

Transforming Manufacturing in a Digital Economy
Workgroup (Making It in Maryland)

FINAL REPORT

Pursuant to Chapters 581 & 582, Acts of 2021
Respectfully submitted to the General Assembly of Maryland by

Delegate Lily Qi, Chair
Transforming Manufacturing in a Digital Economy Workgroup (Making It in Maryland)

December 19, 2022



DocuSign Envelope ID: 25544505-8E6A-4337-AD96-59209293E4E4

|

Transforming Manufacturing in a Digital Economy Workgroup
Final Report

Membership Roster

0O 0O 0O 0O 0 O 0 o O o o

o

O O O O

0O O O O O O

Staff

Lily Qi, Maryland Delegate and Workgroup Chair

Chris West, Maryland Senator

Jim Rosapepe, Maryland Senator

Johnny Mautz, Maryland Delegate

Lance Schine, Deputy Secretary, Maryland Department of Information Technology

Todd Sabin, Maryland Department of Commerce

Erin Roth, Maryland Department of Labor

Suzy Ganz, Lion Brothers

Mike Galiazzo, Regional Manufacturing Institute

Kelly Koermer, Carroll Community College

Irnande Altema, Associate Vice President for Government and Business Affairs, Maryland
Independent College and University Association

Lindsay Ryan, Interim Executive Director of Economic Development, University System of
Maryland

Mike Kelleher, Executive Director, Maryland Manufacturing Extension Partnership

Chris Cosgrove, Vice Chair of the Board, Regional Additive Manufacturing Partnership of
Maryland

Marty Rosendale/Kelly Schulz, CEO, Maryland Tech Council

Dr. Adam Porter, Executive Director, Fraunhofer USA Center Mid-Atlantic

Donna S. Edwards, President, Maryland State and DC AFL-CIO

Bob Mather, Vice President - Lean, 14.0 & Advanced Manufacturing, Stanley Black and Decker
Global Operations

Kunjan Tokekar, Director, Industrial Engineering, Volvo Group

Dr. Thomas VanCott, Chief Technology & Strategy Officer, Catalent Cell & Gene Therapy
Kenneth Sanchez, President, Chesapeake Specialty Products

April Richardson, Esq., Managing Partner, Food Opportunity, LLC

Jack Weber, Uptown Press

Wynne Briscoe, Regional Director for Southern Maryland, Small Business Development Center

Heather Gramm, Assistant Secretary, Business & Industry Sector Development, Maryland
Department of Commerce

Michael Siers, Economist, Maryland Department of Commerce

Richard Clinch, Jacob France Institute



DocuSign Envelope ID: 25544505-8E6A-4337-AD96-59209293E4E4

Transforming Manufacturing in a Digital Economy Workgroup

L Final Report
Table of Contents
V=T 0] o1 a1 oI o 1) =T PSPPI i
LI o1 (=l o}l 0o T ) €=Y o1 TSP PRPP i
1.0 EXECULIVE SUMMIAIY oottt e e e e e e e e et e e e et e e e e e e e e e e iii
P2 0 B ] o Yo [0 4 o o U PPPRRUPPPPRN: 1
3.0 The State of Maryland Manufacturing and INAUStry 4.0 .......cccccviiiiriiiieiiniiiee e 5

3.1 Industry 4.0 and the Work of the FUTUIe ........ccooviiiiiini e 5

3.2 The State of Maryland Manufacturing........ccceeeieiiiee e 6

3.3 Industry 4.0 and Maryland Manufacturing.........cccceeeeciiieieiiieee e e 11
4.0 State Statutory, Regulatory, and Financial Impacts on Manufacturing ..........ccccccovveeeeiiveeeennnen. 11

4.1 Impact of Regulations and Taxes on Maryland Manufacturers.........cccccceeeeiieeeieiieeeenns 12

4.2 State Financial Assistance to Manufacturers.......ccocveivcieiniieiniee e 14

4.3  State Resources Around INAUSEIY 4.0 ...cooooeeiiiiiieee et e e e eee e 15
o =TT o o = Tt [l LU PP UPPPRRUPPP 16

5.1  Planning BeSt PraCtiCES .....cccuiiiiieeieeieiiiiiie e e eeccrtrre e e e e e e st rre e e e e e e s esnaeaaeeeeeesesennnnnnens 17

5.2 Financial SUpport BeSt PractiCes ......cciiiiiiieiei ettt e e e e 17

5.3  Technology Test Bed Best PractiCes........ccvvieiiieiiciiiieeee et e e e 18
6.0  RECOMMENAATIONS ..ieiiieieiiiee et e e sttt e e s st e e e s sab bt e e s sabbeeessnbeeeessasnaeeeas 19
/2 O B T3 Vol [V 1Y o o DU OO TP PP PP RPPPPPROP 23
Appendix A — Report from Jacob France INStItULe..........ceeiiiiiei i 25
Appendix B — The Future is Now, Realizing the Promise of Industry 4.0 .......cccceeeiiiieeeiiiiee e, 92



DocuSign Envelope ID: 25544505-8E6A-4337-AD96-59209293E4E4

Transforming Manufacturing in a Digital Economy Workgroup
L Final Report

1.0 Executive Summary

Maryland has a proud history in Manufacturing and is still home to some of the global brands that
speak to our competitive advantages and economic strengths, from Under Armour to McCormick,
and from Northrop Grumman to AstraZeneca. Despite significant manufacturing job losses due to
offshoring and technological advancement over the past half century, manufacturing is coming back.
In fact, there has never been a better alignment of market forces and political leadership than now to
grow Maryland manufacturing.

The pandemic has made it abundantly clear that beefing up domestic production is not only a market
necessity but also a national security imperative. With the Biden administration’s focus on “Buy
America” and “Make it in America,” this is an opportune time to revive Maryland’s manufacturing
leadership and usher in a new era of modernization that reflects Maryland’s rich institutional and
human assets. The recently passed Inflation Reduction Act includes approximately $28 billion in new
manufacturing investment, and the CHIPS and Science Act provides another $52.7 billion for
American semiconductor research, development, manufacturing, and workforce development.

Maryland is well-positioned to capitalize on these opportunities. The state’s manufacturing jobs in
2022 are well above pre-pandemic levels and since the pandemic, the recovery in manufacturing jobs
has outpaced the overall Maryland economy. Maryland has already seen success in new
manufacturing companies and jobs directly associated with pandemic-related domestic production
such as Ellume in Frederick County make COVID home test kits, and United Safety Technology in
Baltimore County making nitrile gloves.

Manufacturing is a key sector (or industry cluster) of Maryland’s economy. Manufacturing accounts
for 4.3% of Maryland jobs, but 8% of Maryland economic activity and 62% of Maryland exports.
Manufacturing jobs in our state pay an average annual wage of $88,979, well above the State
average. Five-year employment grew at 5%, while the overall private sector employment in the state
fell.

But compared to the rest of the country, Maryland is punching below our weight in manufacturing
capacity. Maryland has a relatively small manufacturing industry, ranking 46th in the proportion of
private-sector workers employed in manufacturing. In fact, the state would have twice as many
manufacturing workers if manufacturing made up the same proportion of the Maryland economy as
it does nationwide. According to data from the Jacob France Institute, Maryland's manufacturing
sector has the 8th highest employee compensation and 4th highest productivity. This demonstrates
significant room for growth and increasing the size of Maryland's manufacturing sector would be a
strong strategy to provide a pathway to the middle class for even more Marylanders.

The manufacturing sector is undergoing a rapid transformation. Increasingly, manufacturers are
incorporating advanced technologies, automation, big data, and more interconnected systems into
their production processes. These changes, often referred to as Industry 4.0, come with an increased
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up-front cost to producers but enable companies to make increasingly complex products more
efficiently than ever before.

The Industry 4.0 initiative aligns with Maryland’s strategic focus of advanced manufacturing and
continues to extend Maryland’s rich manufacturing heritage and technological know-how to develop
the innovative, high-tech products of the future. An increased investment in advanced manufacturing
workforce in the state secures continued opportunity and stability for Maryland’s manufacturing
workforce for years to come.

In recognition of a rapidly growing global transformation in manufacturing based on Industry 4.0
technologies, Maryland manufacturers advocated for legislation in 2021 to put Maryland on a
competitive playing field with other states and countries. The Regional Manufacturing Institute of
Maryland, the state’s primary advocacy group for Maryland manufacturers, was instrumental in
initiating and advocating for the legislation during the 2020 and 2021 legislative sessions. SB444 was
introduced by Senator Chris West (R-Baltimore County, MD) and HB658, was introduced by Delegate
Lily Qi (D- Montgomery County, MD). These companion bills became law on July 1, 2021. The bills
created the “Transforming Manufacturing in a Digital Economy Workgroup (Making It in Maryland)”
to address the need for policies and programs to help Maryland manufacturers adopt new Industry
4.0 technologies and to identify skills gaps in emerging advanced tech environments. The Department
of Commerce was assigned to staff the workgroup.

Now is the time for the State to step up our support of Maryland manufacturing. Not only has the
sector experienced strong recent employment growth, but the national trend of reshoring coupled
with the productivity enhancing capabilities of Manufacturing 4.0 have the potential to support a
manufacturing renaissance nationally and in Maryland. Providing incentives to manufacturers to
invest in advanced production technologies and expanding the pipeline of skilled workers is critical to
creating quality jobs, growing Maryland’s economy, and expanding the State’s tax base.

While there needs to be a comprehensive roadmap for rebuilding manufacturing, this workgroup was
tasked with helping Maryland manufacturers ease the transition to the digital economy by derisking
the adoption of new technologies. In particular, the workgroup focused on supporting small and
medium enterprises that make up the vast majority of Maryland manufacturing landscape.

The 24-member workgroup, made of industry, academic, nonprofit and government representatives,
started its work since September 2021 and concluded with this report in December 2022. The
detailed meeting minutes can be found on our webpage at
https://commerce.maryland.gov/commerce/boards-and-commissions. The Jacob France Institute of
the University of Maryland Baltimore County was engaged by the workgroup through the
Department of Commerce to conduct research and analysis in support of the workgroup.

At the conclusion of the workgroup, members voted on and approved the following
recommendations to enable manufacturers to adopt Industry 4.0 technology and to better prepare
Maryland workers for the jobs of the future:


https://commerce.maryland.gov/commerce/boards-and-commissions
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Establish a special fund of $50,000,000 in FY24 to be used for small and mid-sized (SME)
manufacturers to be used for the purchase, implementation and related employee training of
industry 4.0 technology. This would include advanced sensors, embedded software, robotics
that collect data, ERP and supply chain integration, cloud computing, Al, and the
infrastructure needed to implement these solutions.

Commit $10,000,000 as seed funding to establish a Manufacturing Innovation Center, with an
industry-led partner to be selected by the state to manage and operate the center. As a
public-private partnership, the Center would raise additional funds to support the operations.
The purpose of the center is to build a national showcase for next-generation manufacturing
technology, talent, and transformation. The Center will be a public-private sector digital
network and physical Center offering a quick response system that promotes the
technological Future of Maryland manufacturing. The Center is a catalyst for forging new
systems of success serving manufacturers with an improved system of service.

Align manufacturing industry skills needs with statewide curriculum development through the
efforts of the CTE Committee and other reforms resulting from the Kirwan legislation. Require
the CTE Committee to partner with MD Labor’s Division of Workforce Development Adult
Learning, RMI, MD MEP, and local workforce boards to analyze existing programs, identify
gaps, and make investments in programs to fill those gaps.

Pass legislation that would open PEO (professional employer organization) access to any
manufacturer under 50 employees. Manufacturers want to offer the best benefits to our
employees, but Maryland law currently prohibits manufacturers under 50 employees to get
together to offer “large company benefits” to their employees.

To further encourage manufacturers to invest in Industry 4.0 technologies and to help enable
the free flow of information from factory floor to cloud and other computer systems, amend
Sec. 03.06.01.32-2, Section C (1) to include indirect digital product purchases, such as
software.

Pass legislation to create a Buy Maryland Manufacturing tax credit program — modeled after
the Buy Maryland Cyber program, a Buy Maryland Manufacturing Tax Credit would promote
the manufacturing industry in Maryland by encouraging other Maryland businesses to
purchase products manufactured in Maryland.

Encourage local land use and zoning regulations, as well as local incentives, to ensure an
adequate inventory of properties for the expansion of existing, and attraction of new
manufacturers in the state. State agencies should work with local officials to identify best
practices in land use and zoning regulations to meet the needs of today’s manufacturing
sector.
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8. Create a state matching fund to buy-down the costs and improve the ROI to 3-4 years for the
purchase of major facility systems such as HVAC systems, electrical switchgear, transformer,
industrial logic controllers and similar advanced controls. This fund would be managed by the
Maryland Energy Administration and promoted by the Regional Manufacturing Institute (RMI)
and Maryland MEP.

9. Establish a program within Maryland Commerce to identify Maryland companies that make
products or components that support sustainability and reduce carbon footprints. Identify
strategies for developing this emerging sector. Market Maryland as a State that wants to
attract Green Manufacturing companies. Research shows that younger workers are attracted
to companies that support green initiatives. Promote in schools and colleges careers in
Maryland Green Manufacturing companies.

Vi
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2.0 Introduction

Maryland has a proud history in Manufacturing and is still home to some of the global brands that
speak to our competitive advantages and economic strengths, from Under Armour to McCormick,
and from Northrop Grumman to AstraZeneca. Despite significant manufacturing job losses due to
offshoring and technological advancement over the past half century, manufacturing is coming back.
In fact, there has never been a better alignment of market forces and political leadership than now to
grow Maryland manufacturing.

Manufacturing is a key sector (or industry cluster) of Maryland’s economy. Manufacturing accounts
for 4.3% of Maryland jobs, but 8% of Maryland economic activity and 62% of Maryland exports.
Manufacturing jobs in our state pay an average annual wage of $88,979, well above the State
average, Five-year employment grew at 5% while Maryland’s overall private sector employment fell.

But compared to the rest of the country, Maryland is punching below our weight in manufacturing
capacity. The state ranks 46th in the proportion of private-sector workers employed in
manufacturing. In fact, the state would have twice as many manufacturing workers if manufacturing
made up the same proportion of the Maryland economy as it does nationwide. According to data
from the Jacob France Institute, Maryland's manufacturing sector has the 8th highest employee
compensation and 4th highest productivity. This demonstrates significant room for growth and
increasing the size of Maryland's manufacturing sector would be a strong strategy to provide a
pathway to the middle class for even more Marylanders.

The manufacturing sector is currently undergoing a rapid transformation. Increasingly, manufacturers
are incorporating advanced technologies, automation, big data, and more interconnected systems
into their production processes. These changes, often referred to as Industry 4.0, often come with an
enormous up-front capital cost to manufacturers but are necessary and critical investments to enable
companies to produce increasingly complex products more efficiently. Industry 4.0 aligns with
Maryland’s strategic focus area of advanced manufacturing and continues to extend Maryland’s rich
manufacturing heritage and technological know-how to develop the innovative, high-tech products of
the future. An increased investment in advanced manufacturing workforce in the state secures
continued opportunity and stability for Maryland’s manufacturing workforce for years to come.

Not only has the sector experienced strong recent employment growth, but the national trend to
reshoring coupled with the productivity enhancing capabilities of Manufacturing 4.0 have the
potential to support a manufacturing renaissance nationally and in Maryland. Providing incentives to
Maryland manufacturers to invest in Manufacturing 4.0 and related advanced production
technologies and investing in expanding the pipeline of skilled workers needed by the industry has
the potential to create high quality jobs, grow Maryland’s economy, and expand the State’s tax base.
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CASE STUDIES: The Impact of Industry 4.0

Independent Can

Founded in 1929, Independent Can is a world leader in manufacturing specialty metal packaging
and metal lithography. To stay globally competitive, the company commissioned a new 9-color
metal printing line at their Belcamp facility in 2022. This line cost over $13 million and is the first
of its kind in the Western Hemisphere.

Unfortunately, because this investment will not add any net new jobs, and did not require
additional land or space, none of the programs that the State of Maryland currently offers for
supporting business investment were applicable. Recently, the company had to make another
significant investment of a similar amount to double the current production capacity and
compete against lower-cost producers in Asia.

For companies like Independent Can to thrive here, Maryland needs to support manufacturers
who not only add jobs by moving to the State or expanding their jobs base, but also those who
protect jobs by staying in Maryland and investing in the technologies necessary to compete in
the 21st-century economy. Not all high-tech investments lead to direct or proportional job
growth, but the increased productivity means additional tax revenues for the state and higher-
wage jobs for workers.

Marlin Steel Wire Products

Founded in 1968, Marlin Steel Wire Products specializes in making custom metal forms,
including stainless steel parts, washing baskets, racks, S-hooks and sheet metal material
handling containers. Aerospace companies had been Marlin’s largest customer base, but COVID-
19 changed all that when travel was halted.

Then Marlin received an unexpected purchase order to make test tube racks for the Centers for
Disease Control. The request came on a Friday after hours and was due before the research
lab’s opening on Monday. Thanks to the variety of advanced technologies Marlin had adopted,
the company’s employees were able to work over the weekend to fulfill the order on time. Over
the last five years, Marlin has invested more than $6,000,000 in Industry 4.0 technology arsenal,
including laser cutters, medium frequency welders, CNC machines, and robotics.

The investment allowed Marlin to pivot and meet immediate and urgent demands by expanding
factory space by 56% and hiring more workers. But at the same time, the company also took on
tremendous upfront risks for such technology adoptions.
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CASE STUDIES: The Impact of Industry 4.0

Lion Brothers

Founded in 1899, Lion Brothers is a woman-owned business that has been a leading designer and
manufacturer of apparel brand identity systems. Its products include NASA’s insignia for
astronauts’ uniforms, as featured in the Maryland Public Television’s series on Maryland
manufacturing.

The apparel industry has been hit hard by the decades-long offshoring of production to lower-
cost countries. At the same time, technologies in apparel manufacturing have also advanced
dramatically over the years. By modernizing its production lines, Lion Brothers transformed itself
from a domestic producer of embroidered identification and embellishments into a global
partner of choice in apparel customization for leading global brands in sports, lifestyle, fashion
and workwear.

Recently, Lion Brothers invested $4,800,000 in advanced printing, coating, lamination and laser
technologies to optimize the production platform for manufacturing apparel embellishments on-
demand in the U.S. While the company expects a long-term return on this investment, the
upfront cost required is significant and risky for a mid-sized manufacturer to compete with lower-
cost global competitors.

Fabpro Technologies

Fabpro Technologies is a minority-owned precision manufacturer producing complex
components for clients in Aerospace, Defense, and Cybersecurity. Due to the reshoring of
manufacturing and the growth of the industries they serve, the company has experienced a
major increase in client demand and made significant technology investments to meet the
demand.

In 2022 Fabpro Technologies acquired its most extensive equipment, onboarding a fiberoptic
laser to increase cutting capacity while incorporating Industry 4.0 technology. The approximately
$400,000 laser project increased cutting capacity by approximately 10-fold and allowed the
company to diversify the types of materials it can process.

As the above cases show, updating technologies is a necessary but risky proposition for
manufacturing industries. Despite the expected long-term returns on investments, such significant
upfront capital costs can be a barrier for many small and mid-sized companies. The State’s
investments in technology adoption would be critical to easing the burdens of modernization and
ensuring the future competitiveness of our manufacturing economy.
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In recognition of a rapidly growing global transformation in manufacturing based on Industry 4.0
technologies, Maryland manufacturers advocated for legislation in 2021 to put Maryland on a
competitive playing field with other states and countries. The Regional Manufacturing Institute of
Maryland was instrumental in initiating and advocating for the legislation during the 2020 and 2021
legislative sessions. SB444 was introduced by Senator Chris West (R-Baltimore County, MD) and
HB658, was introduced by Delegate Lily Qi (D- Montgomery County, MD). These companion bills
became law on July 1, 2021. The bills created the “Transforming Manufacturing in a Digital Economy
Workgroup (Making It in Maryland)” to address the need for policies and programs to help Maryland
manufacturers adopt new Industry 4.0 technologies and to identify skills gaps in emerging advanced
tech environments. The Department of Commerce was assigned to staff the workgroup. The bill
tasked the Workgroup with the following:

1. Identify the new and emerging digital technologies that are shaping the work of the future,
the education and skills needed, and the viable strategies for businesses to adopt these
technologies;

2. Examine the research conducted by the Massachusetts Institute of Technology (MIT) on the
relationships between emerging technologies and the workforce to enable a future of shared
prosperity, entitled “The Work of the Future: Shaping Technology & Institutions”, MIT Work of
the Future, Fall 2019 Report;

3. Examine existing financial resources available to manufacturers seeking to invest in Industry
4.0 technology.

4. Make recommendations to facilitate the State’s robust entry into Industry 4.0 technology to
improve the perception of manufacturing careers, including:

a. promoting the technological advancements of Industry 4.0 to shift the perception of
manufacturing careers for the entry—level workforce; and

b. creating and advancing public—private partnerships between manufacturers,
supportive community stakeholders, and education systems;

5. Examine new and viable tax credits and programs for manufacturers to be more competitive
and marketable in the new digital economy;

6. Examine the State’s current statutory and regulatory authority over manufacturing to examine
potential reforms to attract new manufacturing businesses brought by Industry 4.0 to invest
in the State’s economy and workforce;

7. Recommend additional financial support delivery mechanisms, as needed, to enable State
manufacturers to adopt Industry 4.0 technology and enhance the ability of industry service
providers to increase the scope of their industry support;

8. Propose annual State funding to create a statewide training program to address the growing
skills gap in the manufacturing workforce; and

9. Develop recommendations for long—term private—public partnerships between educational
institutions and manufacturers to develop curriculums that address the rapidly changing
needs of the manufacturing industry.

The Department of Commerce contracted with the Jacob France Institute (JFI) to provide data
analysis consistent with the workgroup’s goals. JFI presented on key findings of their analysis during

4
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workgroup meetings and a report detailing their research is attached to this report in Appendix B.
The workgroup met a total of 14 times between September 2021 and November 2022; all meeting

The remainder of this report is laid out as follows:

e Section 3 - overview of Industry 4.0 and the current state of Maryland
manufacturing

e Section 4 - findings from JFI on how Maryland’s statutory, regulatory, and financial
frameworks impact Maryland manufacturers

e Section 5 - analysis of best practices from other states as reported by JFI

e Section 6 - recommendations from the workgroup

e Section 7 - conclusions

minutes are available to the public at https://commerce.maryland.gov/commerce/transforming-
manufacturing-workgroup.

3.0 The State of Maryland Manufacturing and Industry 4.0

Manufacturing is currently undergoing a rapid transformation worldwide. Increasingly, manufacturers
are incorporating advanced technologies, automation, big data, and more interconnected systems
into their production processes. These changes, often referred to as Industry 4.0, come with an
increased up-front cost to producers but enable companies to make increasingly complex products
more efficiently than ever before.

3.1 Industry 4.0 and the Work of the Future

A fall 2019 report entitled ‘The Work of the Future: Shaping Technology and Institutions’ produced by
the Massachusetts Institute of Technology (MIT) Task Force on the Work of the Future contains an
excellent overview of the trends leading to Industry 4.0.1 The MIT task force’s report notes that
“demographic trends point towards rising labor scarcity in the decades ahead.” The report notes that
labor force growth has slowed in the United States and other industrialized countries due to a
combination of declining fertility and restrictive immigration policies. The report notes that the task
force anticipates “that in the next two decades industrialized countries will have more job openings
than workers to fill them, and that robotics and automation will play an increasingly crucial role in
closing these gaps.”

! Available at the following link: https://workofthefuture.mit.edu/wp-
content/uploads/2020/08/WorkoftheFuture_Report_Shaping_Technology_and_lInstitutions.pdf.

5
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The MIT report stresses that one challenge with a continued shift towards automation and increased
technology is that, while firms may need fewer workers than before, the workers who remain will
need to be highly skilled. This poses significant challenges for workers with less education and job
training who may be left behind by technological progress. The report highlights community colleges
as playing a central role in training workers for the work of the future “given their scale, their ability
to adapt offerings to local market news, and their ongoing engagement with non-baccalaureate
adults at all career stages.”

A new emphasis on technology and computing within manufacturing has the potential to benefit
Maryland’s manufacturing sector. Maryland currently has a strong advanced technology workforce.
According to the Bureau of Labor Statistics, Maryland currently has the second highest proportion of
STEM workers of all 50 states. A continued focus on integrating technologies such as Al, robotics, and
advanced analytics into manufacturing means Maryland is well positioned for the work of the future.
However, research presented to the workgroup indicates that Maryland must proactively take action
to allow manufacturers in the state to benefit from this shift in the industry.

3.2 The State of Maryland Manufacturing

Manufacturing is a driver of the state’s economy. According to data from JFI presented to the
workgroup (and available in more detail in Appendix B), Manufacturing employed 108,691 Maryland
workers in 2021. Between 2016 and 2021 the industry grew at a 5% growth rate, well above the
statewide growth rate of negative 2%. However, data from JFl also places Maryland’s manufacturing
in a national context. Maryland’s manufacturing sector has a location quotient of 0.48, indicating that
Maryland has roughly half as many manufacturing workers as it would if it followed national
employment patterns.

Figure 1, sourced from JFI’s report in Appendix A, highlights how manufacturing employment varies
across Maryland based on data from the Bureau of Labor Statistics. Central Maryland is home to a
significant density of manufacturing employment in the State. However, in Rural Maryland,
manufacturing accounts for a significant proportion of overall jobs in those communities.
Manufacturing is an important driver of job opportunities in community in Maryland, and investment
in strengthen this sector benefits residents from Western Maryland to the Eastern Shore.
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Figure 1: Manufacturing Jobs by Maryland Counties
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As noted earlier, Maryland’s manufacturing sector has outpaced total job growth in Maryland over
the past five years. As the graph below, from JFI's report in Appendix A, shows, manufacturing growth
outperformed total employment growth in the state between 2016 and 2019 and fell less steeply

during the pandemic. Over the next five years, the sector is also forecasted, by LightCast (formerly
EMSI), to grow faster than the Maryland economy.
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Figure 2: Employment and Manufacturing Sector Growth
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JFl analyzed Maryland’s manufacturing industry by subsector to identify where Maryland is most
specialized and which areas are growing the most. JFI measured specialization using a location
guotient. As discussed previously, a location quotient measures the level of concentration of an
industry in an area relative to national employment patterns. A location quotient of 2, for example,
indicates that there are twice as many workers in the industry as would be expected given national
employment patterns. A more detailed breakout of JFI’s findings is presented in Appendix A of this
report.

Figure 3: Maryland Manufacturing Employment by Subsector
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According to JFI's research, seven manufacturing subsectors had location quotients greater than 1.25
as of 2020, indicating 25% more employment in the state than expected given national patterns. As
displayed below, three of these sectors, which currently employ nearly 29,000 workers, are projected
to grow by nearly 20% or more through 2030.

Figure 4: Key High-Growth Manufacturing Subsectors in Maryland, 2020 - 2030
Location Establishments, Employment, Percent Growth,

Subsector

Quotient 2020 2020 2020 - 2030
Navigational, Measuring,
Electromedical, and Control 1.88 258 14,155 19%
Instruments Manufacturing

Pharmaceutical and

Medicine Manufacturing

Other Food Manufacturing 1.27 97 5,208 42%
Source: Jacob France Institute

1.69 138 9,593 25%

The Navigation, Measuring, Electromedical, and Control Instruments Manufacturing subsector
employs the most workers of any Maryland subsector and has grown by 22% over the past five years.
Over the next ten years, JFI data projects the sector will continue to grow by 19%. Similarly strong is
the Pharmaceutical and Medicine Manufacturing subsector which grew by 40% over the past five
years and employed nearly 10,000 workers in 2020. Capitalizing on these and other growing
manufacturing sectors has the potential to significantly boost employment moving forward.

For example, another opportunity for Maryland lies in clean energy manufacturing. In 2022, the
Climate Solutions Now Act was passed by the General Assembly. The bill mandates a 60% reduction
in greenhouse gas emissions by 2030 and net zero emissions by 2045. This bill, along with other
discussed changes to Maryland’s Renewable Portfolio Standards, will lead to a significant increase in
the demand for new wind and solar capacity in Maryland. Much of this capacity does not have to be
built in Maryland and can be delivered to the state from anywhere in the broader PJM
Interconnection (the electricity market covering Maryland). However, if the state moves to develop
wind and solar manufacturing capacity, it is likely to gain first mover benefits and can become a hub
for green energy manufacturing.

Maryland has led the nation in reducing greenhouse gas emissions. Based on the most recent data
from the US Energy Information Administration, Maryland has had the steepest drop in energy-
related CO2 emissions between 2005 and 2020.2 While Maryland leads the pack, more states are
moving to decarbonize their electric markets. If Maryland can develop a robust network of
manufacturers supporting wind and solar projects, the state stands to gain from decarbonization
efforts in neighboring states as developers will source from Maryland businesses rather than focus on
creating manufacturing ecosystems from scratch.

2 Energy-related emissions by year and by state available in Table 1 at the following link:
https://www.eia.gov/environment/emissions/state/
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The start of this strategy can be seen in the recent announcement of US Wind locating in the
Tradepoint Atlantic site in Baltimore County. The new facility will employ up to 550 workers and
produce up to 100 monopiles (wind turbine foundations) each year starting in 2024. With the
attraction of US Wind'’s facility to Maryland, the state can now develop a network of suppliers and
similar manufacturers drawn to the state for access to experienced labor and key producers. As
Maryland considers the future of manufacturing, supporting growing industries where Maryland
already has a competitive advantage, like green energy or pharmaceuticals, is one key to expanding
the industry and securing more high-paying jobs.

But growth also comes with worker shortages. Currently, one of the major challenges manufacturers
face in Maryland is finding workers to fill open positions at current salary levels. According to data
from the Maryland Workforce Exchange, the manufacturing industry has the third highest number of
job openings of any sector of the state economy. In August 2022, there were just over 14,000 job
openings in Maryland for manufacturing, roughly 8% of all job openings in the state.

Figure 5: Maryland Job Openings, August 24, 2022 (Maryland Workforce Exchange)

Industry Job Openings % of Total
Total Postings 175,004 100%
Health Care and Social Assistance 35,284 20%
Professional, Scientific, and Technical Services 27,397 16%
*Manufacturing 14,052 8%
Retail Trade 10,156 6%
Educational Services 9,796 6%
Accommodation and Food Services 6,224 4%
Administrative and Support and Waste Management 4,425 3%
Wholesale Trade 3,138 2%
Other Services (except Public Administration) 2,757 2%
Finance and Insurance 2,603 1%
Construction 2,448 1%
Public Administration 2,396 1%
Information 1,990 1%
Transportation and Warehousing 1,544 1%
Real Estate and Rental and Leasing 1,390 1%
Arts, Entertainment, and Recreation 1,153 1%
Management of Companies and Enterprises 369 0%
Utilities 269 0%
Agriculture, Forestry, Fishing and Hunting 187 0%
Government 132 0%
Mining, Quarrying, and Oil and Gas Extraction 111 0%
Local Government, Exc. Education & Hosp. 10 0%
Unclassified establishments 47,173 27%

Source: Jacob France Institute analysis of MDOL Maryland Workforce Exchange Data
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3.3 Industry 4.0 and Maryland Manufacturing

According to data presented to the workgroup by JFI, Maryland manufacturing already requires a
highly skilled workforce and one that is ready for Industry 4.0. JFl analyzed job posting data for open
manufacturing positions in Maryland and found that pharmaceuticals and computer science were the
top two most requested skills. Systems engineering was the fifth most requested skill and other skills
requested almost as much included data analysis, automation, Python, and software engineering.
This is not to say that traditional manufacturing does not make up a large portion of Maryland’s
current workforce. Of the nearly 109,000 workers JFI reported working in the sector in 2021, just over
50,000 (46%) work in either production occupations or transportation and material moving
occupations. Similarly, in a recently completed report published by the Maryland Manufacturing
Extension Partnership, roughly 80% of the manufacturing workforce does not work in an occupation
which potentially enables Industry 4.0.3

However, Maryland’s manufacturing sector is quickly making the transition to Industry 4.0. According
to data from JFI, the manufacturing sector’s growth over the last five years has been driven almost
entirely by growth in technology-intensive occupations which require higher levels of education.
Additionally, the report published by the Maryland Manufacturing Extension Partnership estimates
that Industry 4.0 ‘enabling’ occupations are a higher proportion of Maryland’s manufacturing
workforce than nationally (21% in Maryland compared to 13% nationwide).

Maryland’s future manufacturing workforce will likely continue to shift toward Industry 4.0
occupations. JFl analyzed forecasted employment growth from LightCast and found that many of the
manufacturing occupations with the highest forecasted growth included those in technology-
intensive occupations. For example, between 2021 and 2031, industrial engineers and software
developers are expected to add the third- and fourth-most new jobs. JFI’s analysis also found a
resurgence in middle-skill production jobs predicted over the next ten years. As Industry 4.0 enables
more reshoring of manufacturing jobs and a stronger national sector, workers who do not work
explicitly in Industry 4.0 occupations will also benefit. This is one of the reasons Maryland should
move proactively to ensure the manufacturing industry is prepared for the work of the future: a
strong technology-intensive workforce creates jobs for workers in traditional manufacturing roles as
well.

4.0 State Statutory, Regulatory, and Financial Impacts on Manufacturing

The workgroup spent several sessions examining the state’s statutory, regulatory, and financial
impacts on manufacturing and the implications of these impacts on Industry 4.0 adoption. This
section outlines key findings from those meetings and more complete information is located in the
report from JFl located in Appendix B of this report.

3 Report may be accessed at: https://mdmep.org/wp-content/uploads/2022/09/Maryland-MEP-Industry-4-Strategic-
Plan.pdf
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4.1 Impact of Regulations and Taxes on Maryland Manufacturers

Businesses are not stationary and can relocate from Maryland to states with more favorable business
climates. Likewise, if Maryland’s business climate improves then the state will have an easier time
attracting companies and building a strong workforce. After a strong local workforce, some of the top
concerns businesses have center around regulations and taxes. JFl reported to the workgroup on data
from a business climate survey they conducted in 2019. This data, as illustrated in Figure 6 below,
shows that Maryland businesses are more adversely impacted by taxes than by regulations. While
65% of surveyed businesses reported being adversely impacted by taxes, only 24% of respondents
reported being negatively impacted by regulations. Maryland manufacturers reported being slightly
more negatively impacted by both taxes and regulations than businesses as a whole, but these
differences are minor.

Figure 6: 2019 Maryland Business Climate Survey — Percentage of All Firms and Manufacturing
Firms Reporting They are Negatively Impacted by Regulations and Taxes
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Source: Jacob France Institute

In the 2019 business climate survey, JFl asked Maryland businesses which regulations and taxes they
found most burdensome. In general, manufacturers did not name a specific regulation that was most
burdensome, indicating instead that the combination of all regulations was burdensome. While 41%
of manufacturers replied that ‘all regulations’ were most burdensome, 21% indicated that ‘tax
regulations’ were most burdensome. This is consistent with the data from Figure 6 which shows
Maryland manufacturers care more about taxes than regulations. As reported in Figure 7,
manufacturers reported that taxes in general were too high, rather than naming a specific tax.
However, the proportion of manufacturers who reported that all taxes were too high (47%) is not
appreciably different from the proportion of all businesses who selected this answer (46%).

12
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Figure 7: Most Burdensome Regulation and Tax
Which Regulation? All Firms Manufacturers
Environmental Regulations 9% 5%
Labor Regulations 17% 3%
Health Care Regulations or Medical Coverage 8% 8%
Problems with dealing with Regulatory Agencies 5% 3%
Tax Regulations 15% 21%
Occupational Safety (MOSH, OSHA) 1% 0%
Building Permits 5% 8%
General or Other Regulations 12% 13%
All Regulations 29% 41%
Which Tax? All Firms Manufacturers
Income Taxes 20% 14%
Payroll Taxes 16% 17%
Sales or Use Taxes 6% 7%
Property Taxes 12% 15%
Taxes in General 46% 47%

Source: JFI/MPPI Business Climate Survey

It is well known that Maryland has a higher tax burden than many other states and this data point is
often reflected in the state’s rankings for the cost of doing business. However, as Figure 8 shows,
Maryland manufacturers pay a much lower effective cost than many other firms in the state.
According to estimates from the Tax Foundation, a mature capital-intensive manufacturer generally
pays an effective tax rate of 7.1% (8™ best rate in the country) and a mature labor-intensive
manufacturer generally pays an effective tax rate of 8.3% (13" best rate in the country). These tax
rates are much higher than for other types of businesses. For example, an average mature corporate
headquarters in the state pays an effective tax rate of 15.9%, roughly double the rate for
manufacturers. While this effective tax burden may be lower, it does not mean that all manufacturers
benefit from tax breaks equally or are aware of assistance they may qualify for to offset taxes and
other costs. Many of the tax offsets and other relief require the manufacturer to be aware of the
benefit and either apply for a program or appropriately claim the tax exemption on their tax returns.
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Figure 8: Effective Maryland State Tax Rates and National Rankings by Type of Firm
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4.2 State Financial Assistance to Manufacturers

As part of JFI's research, the team analyzed data on manufacturers’ awareness of and usage of
existing financial assistance programs. JFI’s analysis of a 2021 survey of Maryland manufacturers
conducted by the Maryland Department of Commerce found that Maryland manufacturers generally
had limited awareness of existing programs. The program manufacturers reported being most aware
of was the Job Creation Tax Credit (JCTC); however, only 28% of respondents reported being aware of
this. Only 10% of respondents were aware of the new More Jobs for Marylanders program which
explicitly targets manufacturers. Advantage Maryland (MEDAAF) and Maryland Industrial
Development Financing Authority (MIDFA) had the lowest levels of reported awareness (5% and 4%
respectively).

However, although manufacturers have low awareness of the types of assistance that are available,
manufacturers are utilizing existing state programs. JFl analyzed recipients of assistance from the
Maryland Department of Commerce and the Maryland Department of Labor and found that
manufacturers account for a more than representative share of the firms utilizing the programs. An
overview of how manufacturers have utilized a number of selected state programs is presented in
Figure 9.
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Figure 9: Manufacturing Utilization of Selected State Programs

Loans and Grants Department Notes
Advantage Maryland Commerce 89 Recipients — 34 Manufacturers
Maryland Industrial Development
Financing Authority
ExportMD Commerce 199 Recipients — 47 Manufacturers

Commerce 8 Recipients — 1 Manufacturer

Maryland Defense Cybersecurity

. Commerce
Assistance Program
Supply Chain Resiliency Program Commerce
Tax Credits/Exemptions Department Notes \
More Jobs for Marylanders Tax Commerce 29 Recipients — 29 Manufacturers
Job Creation Tax Credit Commerce 81 Recipients — 23 Manufacturers
R&D Tax Credit Commerce 1,892 Recipients — 599 Manufacturers

Workforce Training Department Notes
97 Recipients — 63 Manufacturers
Commerce 2,493 Trainees — 1,336 in
Manufacturers
Maryland Business Works Labor S500k — 4 Programs
64 Active SIPs — 9 Manufacturing
Specific and 3 in Biotechnology and 17
EARN Labor in Cyber/IT
4,761 Participants — 1,979 Credentials
Awarded — 2,843 Gained Skills

Maryland Apprenticeship and Training Program ‘

258 Programs — 27 Manufacturing
Labor SpeCiﬁC
102 Manufacturers

Partnership for Workforce Quality
(PWQ)

Registered Apprenticeship
Programs

Youth Apprenticeship Programs Labor 260 Employers — 34 Manufacturers

Source: JFI Analysis of MD Commerce and MD Labor Data
4.3 State Resources Around Industry 4.0

Over the course of the workgroup’s meetings, the Maryland Department of Commerce presented
twice on a new program at the Department — the Maryland Manufacturing 4.0 Grant Program. This
program, which was open for applications in the fall of 2022, provides matching grants to small and
mid-sized Maryland manufacturers to invest in Industry 4.0-related technology, machinery and
robotics, and digital business practices. The program currently has a total budget of S1 million. Grants
through the program match 50% of project costs up to a maximum of $50,000. To qualify for a grant a
business must meet a number of requirements, including:

e Be an existing manufacturer in good standing with the State of Maryland;

e Have between 3 and 150 total full-time employees;
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e Have minimum annual revenue of $1 million;

e Have been established for a minimum of three years;

e Demonstrate an ability to successfully implement the proposed project;

e Demonstrate an overall commitment to, or strategy for, Industry 4.0 adoption; and
e Demonstrate ability to provide matching funds.

This program is currently the only program solely dedicated to providing assistance around Industry
4.0 and the S1 million budget does not even begin the address the enormous needs and challenges of
Maryland manufacturers in technology adoption. Since the program’s inception, 56 companies have
applied for the grants, speaking to the enormous pent-up demand for such investments from the
state.

However, JFl presented on several other programs within Maryland which provide technical
assistance to manufacturers, including around Industry 4.0 adoption. One program is the Maryland
Manufacturing Extension Partnership (Maryland MEP), which is a nonprofit organization funded by
industry and the State of Maryland. Maryland MEP mostly serves manufacturers with fewer than 500
employees and provides a number of services, including strategic assessment, training and leadership
development, ISO certification assistance, Enterprise Resource Planning (ERP) implementation, and
supply chain assessment. One of Maryland MEP’s focus areas is technology and cybersecurity, and
Maryland MEP works with businesses to incorporate advanced technologies such as robotics and
automation. Maryland MEP also recently published a strategic plan around statewide Industry 4.0
adoption. Another organization dedicated to assisting manufacturers as they adopt new technologies
is the Fraunhofer USA Center Mid-Atlantic (CMA). The Fraunhofer CMA, based in Riverdale, serves
manufacturers (and other businesses in the state) by researching and providing solutions to
companies’ existing software problems. Further detail on these and other programs is available in
JFI’s report in Appendix B.

5.0 Best Practices

In their report and presentations to the workgroup, JFl explored how other states were supporting
manufacturing and Industry 4.0 efforts in order to guide recommendation development. Broadly, JFI
categorized statewide best practices to support Manufacturing 4.0 as spanning three areas:

1. Planning

2. Financial support

3. Technology test beds

The sections below summarize JFI's key findings and more detail on each best practice area is
available in Appendix B.
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5.1 Planning Best Practices

States that take the time to engage with industry, understand existing assets, determine skills gaps
and training needs, and identify clear pathways for companies to adopt Industry 4.0 will have better
results than states that do not. Maryland has taken the first steps towards successful statewide
planning efforts through this workgroup and also through the recent report commissioned by the
Maryland Manufacturing Extension Partnership as highlighted earlier in the report. JFl identified two
states (Connecticut and lowa) whose planning efforts Maryland can look to as the state continues to
find ways to encourage Industry 4.0 adoption.

In Connecticut, legislative action established the Manufacturing Technology Working Group in 2021
similar to Maryland’s workgroup. This group has the express goal of designing a strategic plan (due in
the fall of 2022) to ensure manufacturers can successfully integrate Industry 4.0 technology into their
production processes. To arrive at this goal, the working group is cataloguing all organizations and
services that may help small and mid-size manufacturers adopt Industry 4.0 technology. The working
group is made up of representatives from industry, higher education, and service providers.

In lowa, the lowa Innovation Council (IIC) established the Manufacturing 4.0 Study and Programming
effort. The IIC is made up of business leaders and higher education representatives. The state’s
strategic plan was released in January 2021.

Maryland has taken the first steps in statewide planning through the establishment of this
workgroup. The lessons for Maryland are to build off current efforts with additional stakeholder
engagement and that the most successful efforts are led by and driven by industry with the state
helping to convene stakeholders.

5.2 Financial Support Best Practices

After states have evaluated the assets available to local manufacturers and laid out pathways for
technology adoption, providing financial support to manufacturers helps overcome one of the most
difficult challenges for businesses — the cost. Technology adoption is expensive and many small and
mid-size companies are not able to afford the upfront costs. Helping manufacturers adopt these new
technologies benefits states because it ensures manufacturers are healthier and better able to
compete in a global marketplace. JFI summarized the financial support best practices from four
states (Connecticut, Massachusetts, Indiana, and lowa) and a high-level overview of those funding
programs is available in Figure 10. Additional detail on each program is available in JFI’s report in
Appendix B.

4 The plan may be accessed at: https://www.iowamfg.com/UserDocs/pages/IAMfg4_0_Plan.pdf
17
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State Program

Figure 10: Selected State Programs to Support Manufacturing 4.0 Adoption

Part of a Larger
Manufacturing
Center

Most Recent
Year’s Program
Funding

Project

Funding

Required
Linkages

Industry 4.0 loT Integration
Voucher Program (IVP) 2900k | 520,000
Manufacturing Innovation Connecticut Center $5 Mil. $3 Mil
CT Fund Voucher Program for Advanced . | $49,000 None
More in 2022
(MVP) Technology
Additiye Manufacturing $600K | $100,000
Adoption Program
Massachusetts MEP/
Manufacturing Accelerate S2 Mil. | $250,000 )
Massachusetts Higher Ed.
Program (MMAP) Center for
MA $100 Mil.
. Advanced
Mass. Manufacturing Manufacturin Invested 6 Years No Ca Universit
Innovation Initiative (M212) g ago - $80 Mil. P ¥
Spent
| Manufacturing Readiness | | diana $4 Mil. | $200,000
Grant
Mar?ufacturlng Innovation | No - Par'.c of lowa $50,000
Equipment Grants Economic
A Manufacturlng Industrial DeveIoPment $5 Mil. MEP
Internet of Things (lloT) Authority - Long $25,000
Infrastructure Investment Term Plan to !
Grants Develop a Center

Source: JFI Analysis

In reviewing these four states’ funding practices, JFI noted that successful Industry 4.0 investment
programs have five key traits:
They are based on existing long-term plans to support the manufacturing sector;
They provide stable funding across multiple years;
They are linked to other industry-led efforts;

They are targeted to small and mid-size manufacturers; and
Several are linked to Manufacturing Extension Partnership (MEP) technical assistance efforts.

1.

nkwn

5.3

Technology Test Bed Best Practices

A third best practice identified by JFI in their review of state efforts to foster Industry 4.0 adoption is

to create a dedicated demonstration, testing, and training facility. This facility can be used by

companies to test equipment and get examples of successful technology integration; it can also be

used as a training facility for students to become acquainted with state of the art technology.
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Workgroup members virtually toured such a demonstration facility in March 2022: Stanly Black and

Decker’s Manufactory located in Hartford, Connecticut. JFl identified similar projects in Oregon (the
Factory of Tomorrow) and Virginia (GENEDGE Alliance Mobile Technology Insertion Program). While
state funding can help support a technology test bed, industry-led efforts maximize these programs’
effectiveness.

6.0 Recommendations

The Transforming Manufacturing in a Digital Economy Workgroup met several times in the summer
and fall of 2022 to develop recommendations for the final report. This section focuses on the
recommendations developed by the Workgroup in response to the tasks outlined in the legislation.

Financial and technical support to assist manufacturers with the adoption of Industry 4.0
technology (Tasks 5 and 7) — Significant barriers to the adoption of technology are the initial risk
associated with such adoption, the costs associated with these technologies, and the delayed return
on investment that creates short-term strain on resources. Financial assistance is critical to reduce
risk and accelerate adoption of these technologies to ensure a more competitive and advanced
manufacturing sector.

1. Establish a special fund of $50,000,000 in FY24 to be used for small and mid-sized (SME)
manufacturers to be used for the purchase, implementation and related employee training of
industry 4.0 technology. This would include advanced sensors, embedded software, robotics
that collect data, ERP and supply chain integration, cloud computing, Al, and the
infrastructure needed to implement these solutions.

The funds would be available as grants between $25,000 to $500,000, and the manufacturer
will be required to match the grant on a sliding scale based on size (see below). The
applications would be evaluated based upon criteria such as alignment with adoption of
Industry 4.0 technologies; a demonstrated overall commitment to, or strategy for, Industry
4.0 adoption; and a demonstrated positive impact of the Industry 4.0 technology on the
business operations and competitiveness of the company. To be eligible, the business must be
a manufacturing company (NAICS 31-33) that is in good standing with the state, has business
operations in MD, and has been in existence for over one year. Preference would be given
during the evaluation to minority-owned manufacturers, and ensure that personal net worth
is not an evaluation criteria as this represents a significant barrier in accessing capital for
minority businesses.

Match Requirements:

e Lessthan 25 employees — 10% match from the business for grants of $25,000-550,000;
25% match for larger grants

e 26-75 employees —25% match from the business
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e 75-150 employees — 50% match from the business
e More than 150 employees — 75% match from the business

2. Commit $10,000,000 as seed funding to establish a Manufacturing Innovation Center, with an
industry-led partner to be selected by the state to manage and operate the center. As a
public-private partnership, the Center would raise additional funds to support the operations.
The purpose of the center is to build a national showcase for next-generation manufacturing
technology, talent, and transformation. The Center will be a public-private sector digital
network and physical Center offering a quick response system that promotes the
technological Future of Maryland manufacturing. The Center is a catalyst for forging new
systems of success serving manufacturers with an improved system of service. Center goals
include:

e Connect manufacturers to resources that 1) promote the adoption of new and
emerging technologies; 2) the attraction, retention and promotion of a diverse
workforce that enables and participates in manufacturing; 3) supports
entrepreneurship in manufacturing, with particular focus on minority participation;
and 4) promotes culture within business organizations to successfully adopt new
technology and develop a diverse workforce.

e Build digital online Smart Wizards for manufacturers to easily find funding resources
offered by government programs beginning with Energy Efficiency and Renewable
Energy programs offered by the Maryland Energy Administration (MEA) .

e Demonstrate new and emerging technologies at locations around the state

e Provide policymakers with data to support priorities for funding and economic
strategy.

e Include S500k for marketing of both Center programs and resources, as well as the
promotion of the technological face of manufacturing and new careers using new
approaches like micro museums focused on manufacturing tech, Maryland Public
Television and Kirwan CTE strategies driven by the private sector.

e Develop innovative training for manufacturers to include mobile systems, virtual
reality, online training, peer group learning and Center Leadership development
programs. Align training and education around new and emerging technologies.

e Serve as convener and facilitator between higher education, technical education
programs and minority communities to increase participation in manufacturing.

3. Utilize existing, or establish a new, loan and loan guarantee program to assist small and
minority manufacturers with access to capital. Access to capital is a significant barrier for
small and minority companies.

e Evaluate the potential utilization of existing program such as the Maryland Industrial
Development Fund Authority (MIDFA), Video Lottery Terminal Fund (VLT) loans, and the
Maryland Small Business Development Financing Authority (MSBDFA) loans and loan
guarantee programs to enhance access to capital.
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e Determine the need for new programs, or changes to existing programs, to facilitate
better access to capital for small and minority-owned manufacturers.

Statewide Education and Training (Tasks 8 and 9) - As noted in Appendix B (JFI report),
manufacturing workers are and will continue to be in high demand in Maryland. The manufacturing
sector: 1) is projected to create over 14,000 net new jobs over the next ten years; 2) currently has
over 14,000 job postings for needed positions, 8% of all job openings posting on the Maryland
Workforce Exchange; and 3) will need fill more than 12,000 openings each year over the next ten
years. Expanding investment in Maryland’s workforce development system will be essential to
meeting the current and future workforce demands of the manufacturing sector and expanding the
pipeline of in-demand workers for the sector. Significant opportunities exist as well for expanding
the pipeline of manufacturing workers from underrepresented populations, promoting equitable
access to these good jobs in Maryland and strengthening Maryland’s middle-class families.

4. Align manufacturing industry skills needs with statewide curriculum development through the
efforts of the CTE Committee and other reforms resulting from the Kirwan legislation. Require
the CTE Committee to partner with MD Labor’s Division of Workforce Development Adult
Learning, RMI, MD MEP, and local workforce boards to:

e Analyze the existing landscape of workforce programs, including CTE offerings,
apprenticeship (including youth apprenticeship, School to Apprenticeship and
Registered Apprenticeship), community college courses, and other workforce
programs that support Maryland manufacturers’ workforce development efforts to
determine gaps;

« Identify opportunities to fill gaps that expand existing programs and/or create new
programming with consideration for high school students, returning citizens, skilled
immigrants, and other special populations as viable talent pipelines to be considered;

e Investin programming that fills gaps based on quantifiable metrics for determining
success.

Other Regulatory and Statutory Changes (Task 6) — In addition to specific recommendations on
adoption of Industry 4.0, the Workgroup was tasked with identifying other recommendations on
regulations and other aspects of the business climate in Maryland to foster an operating environment
in which manufacturing can thrive and grow.

5. Pass legislation that would open PEO (professional employer organization) access to any
manufacturer under 50 employees. PEOs provides comprehensive payroll, benefits and HR
services to small businesses. Manufacturers want to offer the best benefits to their
employees, but Maryland law currently prohibits manufacturers under 50 employees to join
PEOs in order to offer “large company benefits” to their employees.

6. The current Maryland tax code allows for certain exemptions for manufacturers on the
purchase of tangible personal property, a digital code or a digital product used in production
activity. While this exemption helps manufacturers, the use of Industry 4.0 blurs the lines
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between data and physical equipment, and the exemption does not apply to many
technologies related to Industry 4.0 that are used indirectly in production, such as software.

To further encourage manufacturers to invest in Industry 4.0 technologies and to help enable
the free flow of information from factory floor to cloud and other computer systems, the
workgroup recommends amending Sec. 03.06.01.32-2, Section C (1) to the following:
“Tangible personal property, a digital code, or a digital product used directly or indirectly and
predominantly in a production activity at any stage of operation on the production activity
site, from the handling of raw material or components to the shipment of finished product, if
the tangible personal property, digital code, or digital product is not installed so that it
becomes real property”.

Pass legislation to create a Buy Maryland Manufacturing tax credit program — modeled after
the Buy Maryland Cyber program, a Buy Maryland Manufacturing Tax Credit would promote
the manufacturing industry in Maryland by encouraging other Maryland businesses to
purchase products manufactured in Maryland. The Buy Maryland Manufacturing Tax Credit
will promote the manufacturing industry in Maryland by encouraging other Maryland
businesses to purchase products manufactured in Maryland. Additionally it will create
opportunities to expand opportunities for local economic growth and encourage supply chain
resiliency through the support of our local manufacturers and suppliers.

Encourage local land use and zoning regulations, as well as local incentives, to ensure an
adequate inventory of properties for the expansion of existing, and attraction of new
manufacturers in the state. State agencies should work with local officials to identify best
practices in land use and zoning regulations to meet the needs of today’s manufacturing
sector.

Green Manufacturing and Sustainability: Maryland can be a national showcase for next-generation
American manufacturing. To achieve this vision, we need to 1) reduce the carbon footprint in
manufacturing, and 2) support the growth of a manufacturing sector that makes products for the
sustainability markets.

9.

Reduce carbon footprint in manufacturing. Green manufacturing establishes renewable
production processes and environmentally friendly practices in manufacturing businesses. The
processes help limit a manufacturer’s impact on the plant, enact positive change, and
encourage other businesses to follow suit. Maryland needs to increase the number of
manufacturers that participate in Maryland Energy Administration (MEA) programs to include
energy efficiency, renewable energy, and offshore wind.

Recommendation:

Maijor facility systems such as HVAC systems, electrical switchgear, transformer,
industrial logic controllers and similar advanced controls are a major source of energy
inefficiencies in manufacturing facilities. The ROl on upgrading these systems, or
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installing new systems such as solar panels, is long-term. Reducing the time to realize
an ROl is critical to assist manufacturers with investments in energy efficiency and
sustainability.

Create a state matching fund to buy-down the costs and improve the ROl to 3-4 years
for the purchase of major facility systems such as HVAC systems, electrical switchgear,
transformer, industrial logic controllers and similar advanced controls. This fund would
be managed by the Maryland Energy Administration and promoted by the Regional
Manufacturing Institute (RMI) and Maryland MEP.

10. Develop and nurture a “Maryland Green Manufacturing Sector” to grow existing and attract

new companies that make products and components that promote sustainability. This would
include a wide variety of products like solar panels, monitoring systems, sensor technologies,
energy-efficient equipment, and products and components for the offshore wind industry.

Recommendation:

Establish a program within Maryland Commerce to identify Maryland companies that
make products or components that support sustainability and reduce carbon
footprints. Identify strategies for developing this emerging sector. Market Maryland as
a State that wants to attract Green Manufacturing companies. Research shows that
younger workers are attracted to companies that support green initiatives. Promote in
schools and colleges careers in Maryland Green Manufacturing companies.

7.0 Conclusion

Maryland’s manufacturing sector is a source of stable, high-paying jobs. As the sector advances with
the onset of Industry 4.0, it will be critical for industry, education, and government stakeholders to
work together to ensure Maryland is well positioned to take advantage of the future of work. During
its inception, the Transforming Manufacturing in a Digital Economy Workgroup has covered such
topics as the manufacturing sector in Maryland, how taxes and regulations impact manufacturers,
best practices from other states on supporting Industry 4.0 adoption, how workforce needs will look
in the future, and strategies for Maryland to best support Industry 4.0.

As stated before, now is the time for the State to step up support of Maryland manufacturing. Not
only has the sector experienced strong recent employment growth, but the national trend to
reshoring coupled with the productivity enhancing capabilities of Manufacturing 4.0 have the
potential to support a manufacturing renaissance nationally and in Maryland. Manufacturing jobs are
critically important to residents across Maryland, and account for a significant proportion of job
opportunities in rural Maryland. Investing in the growth of Maryland's manufacturing sector is a
strong strategy to provide a pathway to the middle class for even more Marylanders.
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Providing incentives to Maryland manufacturers to invest in Manufacturing 4.0 and related advanced
production technologies and investing in expanding the pipeline of skilled workers needed by the
industry has the potential to create high quality jobs, grow Maryland’s economy, and expand the
State’s tax base.

The recommendations in this report should not be considered the end of this discussion but rather a
starting point; if Maryland is to take advantage of the opportunity of Industry 4.0 then the types of
conversations spurred by this body will need to continue and grow.
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Appendix A — Report from Jacob France Institute

The Department of Commerce contracted with the Jacob France Institute to provide analysis
supporting the workgroup’s goals as outlined in the statute. This appendix, beginning on the next
page, contains the report submitted to the Department of Commerce by the Jacob France Institute.
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Executive Summary and Key Findings

The Jacob France Institute of the Merrick School of Business at the University of Baltimore (JFI) was
retained by the Maryland Department of Commerce to provide analytical support to the legislatively
created Transforming Manufacturing in a Digital Economy Workgroup. The JFI provided analytical
support in four areas: 1) identifying national best practices for supporting technology adoption and
implementation in manufacturing; 2) describing regulatory, tax and policy topics that impact
Maryland manufacturers; 3) assessing critical workforce development issues impacting the Maryland
manufacturing sector; and 4) developing suggested high level recommendations on supporting
Manufacturing 4.0 adoption and meeting the critical workforce development needs of Maryland’s
manufacturing sector. The key findings of this analysis are as follows:

Importance of Manufacturing

e Manufacturing matters in Maryland. Manufacturing accounts for 4.3% of Maryland jobs, but
generates 6.4% of Gross Regional Product and 62% of Maryland exports. Manufacturing output
per worker is $464,061, the third highest across all of Maryland core industry sectors. Each S1
million in Maryland manufacturing activity generates $1.5 million in Maryland economic activity,
supports 4.6 overall jobs in the State, and generates more than $56,000 in State and local tax
revenues.

e Manufacturing is a growing high wage driver of the Maryland economy. With 108,887
manufacturing jobs distributed across all of Maryland’s regions; average annual employee
compensation of $107,131, which is well above the State average; and five-year employment
growth of 5%, manufacturing is a key sector of the State’s economy.

e Manufacturing directly accounts for 4% of Maryland jobs and 8% of Maryland economic activity,
and when multiplier effects are included, the sector supports 9% of jobs and 12% of economic
activity in Maryland.

Manufacturing Technological Changes

e Technological changes are reshaping manufacturing. Automation, the cyber economy, and new
technologies are changing workforce needs and the Work of the Future (as described by the MIT
Work of the Future Report) — will be radically different than in the past — especially in
manufacturing. The integration of advanced automation, new materials processes, and cyber/big
data, described as the Fourth Industrial Revolution or Industry/Manufacturing 4.0, are changing
the competitive landscape of Manufacturing. These new technologies can lead to a
manufacturing renaissance and restore national and Maryland competitiveness in
manufacturing.

States are Investing to Support Manufacturing 4.0 Adoption

e Many states are supporting their manufacturing sectors’ investments in new, Manufacturing 4.0
technologies through targeted programs, including developing manufacturing strategic
plans/roadmaps, Manufacturing 4.0 investment grants/tax credits; and the development of
technology test beds. Maryland’s $1 million Maryland Manufacturing 4.0 Grant Program and
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Maryland MEP’s Manufacturing 4.0 plan are both steps in the right direction, but are below the
levels of investment support and fully integrated planning being done by best practice states.

Maryland Taxes and Regulations

Regulations were not identified by the Workgroup as a key competitive issue, and while the
overall business tax burden in Maryland was seen as high, the impact of this high tax burden on
the Manufacturing sector was moderated by State tax credit and incentives programs.

While Maryland does offer a variety of tax credit and other programs to support business and
manufacturing, and manufacturing firms account for a more than representative share of firms
utilizing these programs, there is a general lack of knowledge in the Maryland manufacturing
community of the programs that exist. As a result, expanding the marketing and utilization of
existing programs was seen as a more important immediate step than creating new broad-
based tax manufacturing programs, outside of the specific area of creating programs to support
Manufacturing 4.0 adoption recommended by the Workgroup.

Manufacturing Workforce Development Demand, Supply and Gaps Analysis

Manufacturing workers are and will continue to be in high demand in Maryland. The
manufacturing sector: 1) is projected to create over 14,000 net new jobs over the next ten years;
2) currently has over 14,000 job postings for needed positions, 8% of all job openings posting on
the Maryland Workforce Exchange; and 3) will need fill more than 12,000 openings each year over
the next ten years.

In terms of net new job creation, the Maryland manufacturing sector will create 5,717 high skill,
6,144 middle skill, and 2,391 low skill net new jobs over the next ten years.

In terms of annual job openings, which includes jobs from both growth and replacement demand,
the Maryland manufacturing sector will need to annually fill 2,947 high skill, 5,800 middle skill and
3,681 low skill job openings each year over the next ten years.

The Maryland workforce development system is well aligned to meet the manufacturing
sector’s needs for high skill professional, information technology, and engineering workers, but
manufacturers face competition for these workers from other growing sectors of the State’s
economy. However, the Maryland workforce development system’s pipeline for middle skill
technical and production workers is significantly below industry needs.

The Maryland manufacturing workforce is older and less diverse than the Maryland workforce as
a whole.

Changing automation and production technologies are increasing the skills requirements of
manufacturing jobs.

Expanding investment in Maryland’s workforce development system will be essential to meeting
the current and future workforce demands of the manufacturing sector and expanding the
pipeline of in-demand workers for the sector. Significant opportunities exist as well for expanding
the pipeline of manufacturing workers from underrepresented populations (women, African
Americans, Hispanics) for these good jobs in Maryland.
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States are Investing to Increase Their Supply of Manufacturing Workers

e Manufacturing workers are in short supply nationally as well as in Maryland. Across the nation,
states are investing in the development of innovative programs to meet the employment needs of
the manufacturing sector and increase the diversity of and inclusion of underrepresented
populations in the manufacturing workforce. These innovative programs include efforts to:
increase the pipeline of high school students interested in manufacturing; expanding
manufacturing training in community colleges; developing manufacturing curriculum in
cooperation with manufacturing companies; training underrepresented populations/returning
citizens for careers in manufacturing; and developing integrated manufacturing workforce
development training and certificate planning and delivery efforts.

Manufacturing 4.0 has the potential to transform Maryland’s manufacturing sector. Strategic
investments to support the adoption of these new technologies and provide the workforce needed
by Maryland’s economy has the potential to support and enhance the growth of this important
industry and create good, high wage jobs and increase Maryland’s tax base.
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Introduction

Senate Bill 444/House Bill 658, passed by the Maryland General Assembly during the 2021 Legislative
Session, created the Transforming Manufacturing in a Digital Economy Workgroup (Making It In
Maryland), and assigned the Department of Commerce as staff to the workgroup. The bill tasked the
Workgroup with the following:

Identify the new and emerging digital technologies that are shaping the work of the future,
the education and skills needed, and the viable strategies for businesses to adopt these
technologies;
Examine the research conducted by the Massachusetts Institute of Technology (MIT) on the
relationships between emerging technologies and the workforce to enable a future of shared
prosperity, entitled “The Work of the Future: Shaping Technology & Institutions”, MIT Work of
the Future, Fall 2019 Report;
Examine existing financial resources available to manufacturers seeking to invest in Industry
4.0 technology.
Make recommendations to facilitate the State’s robust entry into Industry 4.0 technology to
improve the perception of manufacturing careers, including:

o Promoting the technological advancements of Industry 4.0 to shift the perception of

manufacturing careers for the entry—level workforce; and
o Creating and advancing public—private partnerships between manufacturers,
supportive community stakeholders, and education systems;

Examine new and viable tax credits and programs for manufacturers to be more competitive
and marketable in the new digital economy;
Examine the State’s current statutory and regulatory authority over manufacturing to examine
potential reforms to attract new manufacturing businesses brought by Industry 4.0 to invest
in the State’s economy and workforce;
Recommend additional financial support delivery mechanisms, as needed, to enable State
manufacturers to adopt Industry 4.0 technology and enhance the ability of industry service
providers to increase the scope of their industry support;
Propose annual State funding to create a statewide training program to address the growing
skills gap in the manufacturing workforce; and
Develop recommendations for long—term private—public partnerships between educational
institutions and manufacturers to develop curriculums that address the rapidly changing
needs of the manufacturing industry.

In order to inform the deliberations of and assist in the generation of recommendations by the
Workgroup, the Maryland Department of Commerce retained the Jacob France Institute (JFI) of the
University of Baltimore to:

1.

Identify national best practices for supporting technology adoption and investment in
manufacturing;

Assess regulatory, tax and policy issues that impact Maryland manufacturers;

Assess critical workforce development issues impacting the Maryland manufacturing sector;
and
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4. Develop suggested high level recommendations on supporting Manufacturing 4.0 adoption
and meet the critical workforce development needs of Maryland’s manufacturing sector.

This report summarizes the research and analyses conducted by and suggested recommendations for
the Workgroup to consider developed by the Jacob France Institute.
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Importance of the Maryland Manufacturing Sector
Manufacturing Matters and is important to the national as well as to the Maryland economy.
According to the National Association of Manufacturers Facts about Manufacturing report:

e Manufacturers contributed $2.77 trillion to the U.S. economy based on Q1 2022 data;

e For every $1.00 spent in manufacturing, there is an impact of $2.68 to the overall
economy;

e The majority of manufacturing firms in the United States are quite small. In 2019, there
were 243,687 firms in the manufacturing sector, with all but 4,036 firms considered to be
small (i.e., having fewer than 500 employees);

e The manufacturing sector employed 12.83 million workers in July 2022;

e Manufacturing workers earned on average $92,832 including pay and benefits and 95% of
manufacturing employees were eligible for health insurance benefits in 2020; and

e There were 790,000 manufacturing job openings in June and 4 million manufacturing jobs
will be needed by 2030.°

Manufacturing Matters in Maryland. In Maryland, manufacturing has average annual employee
compensation of $107,131, well above the Maryland average of $86,429. Manufacturing accounts
for 4.3% of Maryland jobs, but generates 6.4% of Gross Regional Product and 62% of Maryland
exports. Manufacturing output per worker is $464,061, the third highest across all of Maryland
core industry sectors. Each $1 million in Maryland manufacturing activity generates $1.5 million in
Maryland economic activity, supports 4.6 overall jobs in the State, and generates more than
$56,000 in State and local tax revenues.

Table 1: Selected Measures of the Importance of Manufacturing

Annual Overall $86,429
Compensation Manufacturing $107,131
Output per  Overall $180,887
Worker Manufacturing S464,061
. Maryland 62%
Manufact

onufacturing 3%
°7 GRP 6.4%
Multiplier Output $1,489,925
Jobs 4.6

Effects State and Local
(per S1 Mil.) $56,624

Gov't Revenues
Source: JFI Analysis of Lightcast, BEA and IMPLAN data

Supporting the technology investment and workforce needs of the Maryland manufacturing
sector has the potential to support the growth and competitiveness of this high impact, high
value-added sector and create good, high wage jobs. The technological changes impacting and

5 https://www.nam.org/facts-about-manufacturing/.
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post-COVID 19 efforts to reshore manufacturing production and supply chains has the potential
to enhance the growth and competitiveness of Maryland’s manufacturing sector.

Overview of Maryland’s Manufacturing Sector

Maryland has a vibrant and growing manufacturing sector. While the State is not specialized in
Manufacturing, with a location Quotient (LQ) of 0.48, signifying a concentration of employment
less than half the national average,® manufacturing is growing in the State and manufacturing
activity occurs across the State of Maryland.

Role of Manufacturing in the Maryland Economy

Manufacturing is a growing high wage driver of the Maryland economy. With 108,887
manufacturing jobs distributed across 4,304 business establishments, manufacturing is Maryland’s
eighth largest business sector in terms of employment and tenth largest in terms of business
establishments. Average annual employee compensation in the Maryland manufacturing sector
are $107,131, well above the State average of $86,429,and offers the seventh highest
compensation across all of Maryland’s core business sectors. Over the past five years, Maryland
manufacturing employment grew by 5%, while overall state-level Private Sector employment fell.
Manufacturing employment is projected to continue to experience stronger growth than the
overall State economy over the next five years (Figure 2). Despite this growth, Maryland’s
concentration of manufacturing employment remains at less than half the national average, with
an LQ of .48, signifying a concentration of manufacturing jobs 48% of the national average.

Table 2: Overview of the Maryland Economy

% of Employee
NAICS Description State Establishments LQ Compensation
2,779,779 100% 176,928 100% $86,429
1p  Asriculture, Forestry, 7,663  0.3% 664 0.4% 0.28 $51,407
Fishing and Hunting
Mining, Quarrying,
21 and Oil and Gas 1,169 0.04% 82 0.05% 0.12 $86,282
Extraction
22 Utilities 9,538 0.3% 259 0.1% 0.96 $182,352
23 Construction 164,572 6% 16,078 9% 1.19 $85,824
31 Manufacturing 108,887 4% 4,304 2% 0.48 $107,131
42 Wholesale Trade 81,563 3% 9,163 5% 0.78 $110,087
44 Retail Trade 268,897 10% 17,417 10% 0.95 $46,845
4~ ransportationand 108,011 4% 4,092 2% 0.95 $62,966
Warehousing

6 Alocation quotient (LQ) measures the concentration of employment in an industry to the national average with a
value above 1 indicating a higher than U.S. average concentration of employment in that industry. LQs can be used to
measure the level of specialization in an industry, with a LQ above 1.2 often interpreted as identifying an industry
where a jurisdiction is “specialized” and can be a leading sector of the region’s economy.
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% of Employee

NAICS Description State Establishments LQ Compensation
51 Information 33,486 1% 3,346 2% 0.65 $173,215
52 Finance and 94,840 3% 8,645 5% 0.78 $154,003

Insurance
53 Real Estate and 42,751 2% 7391 4% 1.02 $85,424

Rental and Leasing
Professional,
54 Scientific, and 267,428 10% 32,571 18% 1.47 $129,720
Technical Services
Management of
55 Companies and 27,946 1% 880 0% 0.65 $155,529
Enterprises
Administrative and
Support and Waste

56 168,126 6% 12,131 7% 1.01 $64,843
Management and
Remediation Services

61 Educational Services 86,583 3% 3,248 2% 1.19 $68,168
Health

62 ealth Care and 364,291  13% 18,639 11% 0.99 $75,641

Social Assistance

Arts, E i
71 rts, Entertainment, 35140 1% 2538 1% 0.95 $47,455
and Recreation

A :
72 ccommodation and 197510 7% 12,046 7% 0.88 $30,892
Food Services

Other Services

81 (except Public 128,124 5% 19,369 11% 1.05 $47,121
Administration)

90 Government 582,640 21% 3,540 2% 1.33 $107,351

99 Unclassified Industry 614 0.02% 529 0.30% 0.16 $74,232

Source: JFI Analysis of Lightcast Data
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Figure 1: Employment and Manufacturing Sector Growth
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Manufacturing employment is distributed across the State. Maryland’s manufacturing industry is
distributed across the state; in fact, with the exception of Cecil County (13% of private sector
employment in manufacturing), the Maryland counties where manufacturing makes up the
highest share of private sector employment are located in the Eastern Shore (Dorchester, 26%,
Caroline 16%, Kent 14%, Queen Anne’s 11%) or Western Maryland (Washington 12% and Allegany
9%). With 60,140 manufacturing jobs, Central Maryland accounts for 55% of Maryland’s
manufacturing jobs, higher than the region’s 51% of total jobs, with both the Eastern Shore and
Western Maryland having 10% and 8% of Maryland’s manufacturing jobs, twice their share of
Maryland private sector employment (Figure 2).

Table 3: Total Private Sector and Manufacturing Employment, By County

Total Private Five Year Change Manufacturing Five Year Change
State/County 2016 2021 # % 2016 2021 # %
Maryland -- Statewide 2,141,805 2,096,129 (45,676) (2%) 103,586 108,691 5,105 5%
Allegany County 23,282 20,772 (2,510) (11%) 2,772 1,915 (857) (31%)
Anne Arundel County 221,166 213,402 (7,764) (4%) 11,755 12,982 1,227 10%
Baltimore County 318,120 305,779  (12,341)  (4%) 13,687 15641 1,954 14%
Calvert County 19,965 17,126 (2,839) (14%) 574 437 (137) (24%)
Caroline County 7,600 8,029 429 6% 1,164 1,317 153 13%
Carroll County 49,747 47,702 (2,045) (4%) 3,746 3,966 220 6%
Cecil County 25,180 28,466 3,286 13% 4,227 3,623 (604) (14%)
Charles County 33,267 29,342 (3,925) (12%) 636 566 (70) (11%)
Dorchester County 8,905 9,859 954 11% 2,230 2,543 313 14%
Frederick County 84,180 83,801 (379) (0%) 5,201 5,474 273 5%
Garrett County 10,045 10,195 150 1% 984 754 (230) (23%)
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Total Private Five Year Change Manufacturing Five Year Change
State/County 2016 2021 # % 2016 2021 # %
Harford County 71,008 71,321 313 0% 4,875 4,800 (75) (2%)
Howard County 151,313 147,419 (3,894) (3%) 7,819 8,643 824 11%
Kent County 6,838 6,319 (519) (8%) 769 875 106 14%
Montgomery County 374,115 354,467 (19,648) (5%) 11,938 13,292 1,354 11%
Prince George's County 223,413 213,267 (10,146) (5%) 7,445 6,760 (685) (9%)
Queen Anne's County 12,135 12,397 262 2% 1,040 1,332 292 28%
St. Mary's County 29,006 31,324 2,318 8% 377 586 209 55%
Somerset County 3,728 3,372 (356) (10%) 210 246 36 17%
Talbot County 17,520 14,618 (2,902) (17%) 797 496 (301) (38%)
Washington County 58,171 53,993 (4,178) (7%) 6,350 6,261 (89) (1%)
Wicomico County 37,074 36,389 (685) (2%) 3,005 3,092 87 3%
Worcester County 20,870 20,908 38 0% 662 747 85 13%
Baltimore City 268,372 263,761 (4,611) (2%) 10,490 10,485 (5) (0%)
Unknown/Undefined 66,787 92,100 25,313 38% 834 1,859 1,025 123%
Source: BLS

Figure 2: Share of Total Private Sector and Manufacturing Employment by Region

60% 55%
51%
50%
40%
31%
30%
23%
20%
10%
8%
0,
0 (]
0% - - -— -_
Central Capital Eastern Western Southern Not Defined
Shore
H Total W Manufacturing
Source: BLS

Key Maryland Manufacturing Sectors

Maryland’s manufacturing sector is distributed across 21 key subsectors (3 digit NAICS Codes), the
largest subsectors include: Computer and Electronic Product Manufacturing, with 19,974 jobs;
Food Manufacturing, with 17,304 jobs; and Chemical Manufacturing, with 14,384 jobs; and these
three subsectors account for nearly half of all manufacturing jobs in the State. Computer and
Electronic Product Manufacturing is the only manufacturing subsector where the concentration of
jobs in Maryland is above the national average, with an LQ of 1.04, and Maryland has a near
average level of employment in the Printing and Related Support Activities (LQ of .97) and
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Chemical Manufacturing (LQ of .91). The Beverage and Tobacco Product Manufacturing and
Chemical Manufacturing are leading the State in growth, with five year employment growth of
28% and 25% respectively (Table 4).

NAICS Description

311
312

313
314
315

316

321
322

323

324
325
326

327
331
332
333
334

335

336

337

339

Total

Food Manufacturing
Beverage and Tobacco Product
Manufacturing

Textile Mills

Textile Product Mills

Apparel Manufacturing
Leather and Allied Product
Manufacturing

Wood Product Manufacturing
Paper Manufacturing

Printing and Related Support
Activities

Petroleum and Coal Products
Manufacturing

Chemical Manufacturing
Plastics and Rubber Products
Manufacturing

Nonmetallic Mineral Product
Manufacturing

Primary Metal Manufacturing
Fabricated Metal Product
Manufacturing

Machinery Manufacturing
Computer and Electronic
Product Manufacturing

Electrical Equipment, Appliance,
and Component Manufacturing

Transportation Equipment
Manufacturing

Furniture and Related Product
Manufacturing

Miscellaneous Manufacturing

Table 4: Overview of Maryland Manufacturing

2016

Jobs

103,666

15,199
3,178

424
801
1,130

191

2,308
2,628

7,675

833
11,528
5,861

4,389
960
7,897
6,418
17,573

1,985

4,446

3,871
4,371

2021 2016 - 2021 2016 - 2021

Jobs

108,887
17,304

4,069

332
738
974

157

2,729
1,803

6,509

694
14,394
5,780

3,762
784
7,996
7,050
19,974

1,811

4,281

2,843
4,902

Change

5,221
2,105

892

(92)
(63)
(156)

(34)

421
(825)

(1,166)

(140)
2,866
(81)

(627)
(176)
99
632
2,401

(174)

(164)

(1,028)
531

% Change

5%
14%

28%

(22%)
(8%)
(14%)

(18%)

18%
(31%)

(15%)

(17%)
25%
(1%)
(14%)
(18%)
1%
10%
14%

(9%)

(49%)

(27%)
12%

Avg. Earnings
Per Job

$107,131
$68,476

$64,882

$73,627
$68,021
$51,562

$80,167

$86,518
$73,118

$66,906

$159,183
$179,800
$87,470

$84,392
$80,341
$82,682
$97,527
$150,481

$102,593

$112,230

$58,746
$102,616

2021
Location
Quotient

0.58
0.74

0.19
0.39
0.58

0.33

0.36
0.28

0.97

0.36
0.91
0.44

0.51
0.12
0.32
0.37
1.04

0.25

0.14

0.42
0.45

2021
Establish
ments

4,304
524

240

25
118
70

24

136
39

382

50
317
120

202

38
456
258
483

110

125

168
423

Source: JFI Analysis of Lightcast Data

The analysis of key manufacturing sectors (above) analyzed the entire manufacturing sector at the
3 digit NAICS level. In order to identify key specialized and growing subsectors within these broad
manufacturing sectors, Maryland manufacturing employment was also analyzed at the Industry

Group (4 digit NAICS) and more detailed (5 and 6 digit NAICS) levels to identify key specialized and

growing industries within the manufacturing sector.

38




DocuSign Envelope ID: 25544505-8E6A-4337-AD96-59209293E4E4

|

Appendix A: Report on Transforming Manufacturing in a Digital Economy
Authored by: Jacob France Institute

Specialized Maryland Manufacturing Subsectors

Key specialized manufacturing industry subsectors, where the concentration of employment is
above the national level in Maryland are presented in Table 5. Generally, industries in which the
concentration of employment 20% above the national average (LQ of 1.2 or above) are considered
specialized and may indicate that Maryland has a comparative advantage in these industries. Key
specialized manufacturing sectors in Maryland include:

Manufacturing and Reproducing Magnetic and Optical Media — with an LQ of 4.33 and 893
jobs across 40 establishments;

Communications Equipment Manufacturing — with an LQ of 2.04 and 3,183 jobs across 71
establishments;

Navigational, Measuring, Electromedical, and Control Instruments Manufacturing — with an
LQ of 1.85 and 13,981 jobs across 263 establishments;

Other Furniture Related Product Manufacturing — with an LQ of 1.72 and 1,158 jobs across
11 establishments;

Pharmaceutical and Medicine Manufacturing — with an LQ of 1.69 and 10,265 jobs across
144 establishments;

Lime and Gypsum Product Manufacturing — with an LQ of 1.28 and 353 jobs across 4
establishments; and

Other Food Manufacturing — with an LQ of 1.25 and 5,388 jobs across 125

establishments.

At the more detailed 6-digit NAICs level — several clusters of related industries stand out, including:

o

Food related manufacturing, which include: Cane Sugar Manufacturing — LQ of 4.39
and 509 jobs across 3 establishments; Ice Cream and Frozen Dessert Manufacturing —
LQ of 2.2 and 913 jobs across 16 establishments; Rendering and Meat Byproduct
Processing — LQ of 1.55 and 223 jobs across 2 establishments; Commercial Bakeries —
LQ of 1.31 and 3,122 jobs across 103 establishments, Soft Drink Manufacturing — LQ of
1.27 and 1,854 jobs across 33 establishments; and Fats and Oils Refining and Blending —
LQ of 1.25 and 162 jobs across 4 establishments;

Musical Instrument Manufacturing — LQ of 2.32 and 477 jobs across 11 establishments;
Power-Driven Handtool Manufacturing — LQ of 1.95 and 423 jobs across 6
establishments;

Construction related materials, which includes: Truss Manufacturing — LQ of 1.82 and
1,104 jobs across 14 establishments; Ornamental and Architectural Metal Work
Manufacturing— LQ of 1.31 and 1,018 jobs across 46 establishments; Cement
Manufacturing — LQ of 1.30 and 355 jobs across 7 establishments;

Other Communications Equipment Manufacturing — LQ of 1.72 and 557 jobs across 17
establishments;

Adhesive Manufacturing — LQ of 1.67 and 693 jobs across 14 establishments; and
Sawmill, Woodworking, and Paper Machinery Manufacturing -- LQ of 1.58 and 351
jobs across 5 establishments.

39



DocuSign Envelope ID: 25544505-8E6A-4337-AD96-59209293E4E4

Appendix A: Report on Transforming Manufacturing in a Digital Economy
Authored by: Jacob France Institute

Table 5: Key Specialized Manufacturing Industries

- 2016 - 2021 2016 - 2021 Avg. 2021 2021
Description Earnings Location Establish
Change % Change .
Per Job ments
Manufacturing and Reproducing o
3346 Magnetic and Optical Media 1,229 893 (336) (27%) $224,258 4.33 40
334p ~ Communications Equipment 3,075 3,183 108 4% $143,664 2.04 71
Manufacturing
Navigational, Measuring,
3345 Electromedical, and Control 11,472 13,981 2,509 22% $155,867 1.85 263

Instruments Manufacturing
3g7g  Other Furniture Related Product 1519 1,158 (361) (24%) $52,946 1.72 11
Manufacturing

Pharmaceutical and Medicine

3254 \ 7,247 10,265 3,019 42% $206,141 1.69 144
Manufacturing

3274 Lime and Gypsum Product 359 353 (6) (2%) $105,983 1.28 4
Manufacturing

3119 Other Food Manufacturing 3,553 5,388 1,835 52% $82,795 1.25 125

3255 Paint, Coating, and Adhesive 1,353 1,374 21 2% $107,372 1.16 29
Manufacturing

3ge5  Hailroad Rolling Stock 492 392 (100) (20%) $97,412 1.12 5
Manufacturing

3159 ~ Apparel Accessories and Other 48 214 166 349% $70,783 1.01 20

Apparel Manufacturing
Engine, Turbine, and Power
3336 Transmission Equipment 1,590 1,643 53 3% $99,697 1.01 16
Manufacturing
Printing and Related Support

3231 7.675 6,509 (1,166) (15%) $66,906 0.97 382
Activities

3118 Dakeries and Tortilla 4512 4555 43 1% $53,505 0.82 226
Manufacturing

Source: JFI Analysis of Lightcast Data

High Growth Maryland Manufacturing Sectors
There are 84 manufacturing Industry Groups (4 digit NAICs) operating in Maryland. Of these 41
added jobs over the past five years. Key growing manufacturing Industry Groups in Maryland,
where employment grew by 20% or more, are presented in Table 6 and include:
e The highly specialized Pharmaceutical and Medicine Manufacturing (3,019 new jobs and 42%
growth); Navigational, Measuring, Electromedical, and Control Instruments Manufacturing
(2,509 jobs and 22%); and Other Food Manufacturing (1,835 and 52%) added the most jobs;
and
e Other strong growth Industry Groups included: Apparel Accessories and Other Apparel
Manufacturing (166 jobs and 349% growth); Nonferrous Metal (except Aluminum) Production
and Processing (23 jobs and 149%); Grain and Qilseed Milling (123 jobs and 93%); Fiber, Yarn,
and Thread Mills (51 jobs and 91%); and Other Transportation Equipment Manufacturing (36
jobs and 64%).

40



DocuSign Envelope ID: 25544505-8E6A-4337-AD96-59209293E4E4

Appendix A: Report on Transforming Manufacturing in a Digital Economy
Authored by: Jacob France Institute

Table 6: Key Growing Manufacturing Industries

Avg. 2021 2021
Earnings Location Establish
Per Job  Quotient ments

2016 - 2021 2016 - 2021
Change % Change

NAICS Description

Apparel Accessories and Other

3159 : 48 214 166 349% $70,783 1.01 20
Apparel Manufacturing
Nonferrous Metal (except
3314 Aluminum) Production and 15 38 23 149% $91,400 0.04 3
Processing
3112 Grain and Oilseed Milling 132 255 123 93% $86,342 0.23 13
3131 Fiber, Yarn, and Thread Mills 57 108 51 91% $65,316 0.23 2
3369 Other Transportation Equipment 56 92 36 64% $90.551 013 8

Manufacturing

3119 Other Food Manufacturing 3,553 5,388 1,835 52% $82,795 1.25 125
Spring and Wire Product

3326 . 383 576 194 51% $78,100 0.79 14
Manufacturing

3212 Veneer, Plywood, and Engineered 769 1,142 373 49% $71,228 0.76 19
Wood Product Manufacturing

3333 ~ Commercial and Service Industry 247 355 107 43% $100,400 0.22 43

Machinery Manufacturing
3p54  Pharmaceutical and Medicine 7,247 10,265 3,019 42% $206,141 1.69 144
Manufacturing
Motor Vehicle Body and Trailer
Manufacturing
3121 Beverage Manufacturing 3,141 4,028 887 28% $64,523 0.76 224
Medical Equipment and Supplies
Manufacturing
Other General Purpose Machinery
Manufacturing
3279 Other Nonmetalllc Mineral Product 454 565 111 24% $74,886 04 42
Manufacturing
Semiconductor and Other

3362 127 179 52 41% $74,856 0.06 12

3391 1,877 2,376 499 27% $116,353 0.4 173

3339 1,656 2,067 411 25% $110,377 0.43 63

3344 Electronic Component 1,373 1,700 327 24% $85,164 0.25 69
Manufacturing

3325 Hardware Manufacturing 24 30 6 24% $91,143 0.07 8
Navigational, Measuring,

3345 Electromedical, and Control 11,472 13,981 2,509 22% $155,867 1.85 263

Instruments Manufacturing
3219  Other Wood Product 1,020 1,239 220 22% $107,970 0.29 08
Manufacturing
Agriculture, Construction, and
Mining Machinery Manufacturing

3251 Basic Chemical Manufacturing 800 956 156 20% $174,695 0.36 36
Source: JFI Analysis of Lightcast Data

3331 293 355 62 21% $80,591 0.1 22

The Economic Impact of the Maryland Manufacturing Sector

Manufacturing supports the larger Maryland economy. The JFl analyzed the economic
contribution of the Maryland manufacturing sector using the IMPLAN input-output model for the
State of Maryland. Input-output modeling allows for measurement of the linkages between the
manufacturing sector and the rest of the Maryland economy. To conduct this analysis, the JFI
input the 2021 manufacturing jobs into the IMPLAN input-output model and adjusted for intra-
industry purchases to avoid double counting. The manufacturing sector purchases goods and
services from local suppliers to support production and pays salaries and wages to its employees.
These generate “multiplier” effects that lead to “ripple” effects in the economy as local purchases,
or indirect effects, and local payrolls, or induced effects, stimulate successive rounds of additional
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spending, leading to additional State of Maryland impacts larger than the direct jobs and sales
associated with the manufacturing sector. Overall, the Maryland manufacturing sector directly
employs 108,887 workers, 4% of Maryland jobs’, and has revenues of $57.0 billion, accounting for
8% of Maryland economic activity. When multiplier effects are included, the sector supports $83.7
billion in Maryland economic activity, or more than 12% of the Maryland total, and 246,563 jobs,
9% of all jobs in Maryland.

Table 7: Economic Contribution of the Maryland Manufacturing Sector, 2021
Labor State/Local
Output Income Tax Revenue

(Mil. Ss) (Mil. Ss) Employment (Mil. Ss)

Total Manufacturing Sector
Direct Effect $57,035.8 $10,748.9 108,887 $1,259.0
Indirect Impacts $15,205.4 $5,509.7 70,301 $852.9
Induced Impacts $11,501.1 $3,797.9 67,375 $801.4
Total Impact $83,742.3 $20,056.6 246,563 $2,913.3
State Impact Multiplier 1.47 1.87 2.26

Source: JFl and IMPLAN

The Work of the Future, Manufacturing 4.0 and the Changing

Technology Needs of the Maryland Manufacturing Sector
In 2018, The Massachusetts Institute of Technology (MIT) convened the MIT Task Force on the
Work of the Future with the goal of understanding the relationships between emerging
technologies and work, and to explore strategies to enable a future of shared prosperity. In 2019,
the Task Force released The Work of the Future: Shaping Technology and Institutions report® to
assess how technology is reshaping the economy and workforce needs. According to the report,
Technological change has been reshaping human life and work for centuries. The
mechanization that began with the Industrial Revolution enabled dramatic
improvements in human health, well-being, and quality of life—not only in the
developed countries of the West, but increasingly throughout the world. At the
same time, economic and social disruptions often accompanied those changes, with
painful and lasting results for workers, their families, and communities. Along the
way, valuable skills, industries, and ways of life were lost. Ultimately new and
unforeseen occupations, industries, and amenities took their place. But the benefits
of these upheavals often took decades to arrive. And the eventual beneficiaries
were not necessarily those who bore the initial costs.

7 The IMPLAN model uses a broader measure of jobs than the wage and salary employment discussed above.
8 https://workofthefuture.mit.edu/wp-
content/uploads/2020/08/WorkoftheFuture_Report_Shaping_Technology_and_Institutions.pdf.
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Two key findings of this report are that:

1. Between 1940 and 1980, rapid technological advances and well-functioning institutions in
the United States delivered rising productivity and rapid, relatively evenly distributed wage
gains to the vast majority of workers; and

2. Since the 1980s, productivity growth continued, but the distribution of these gains
was not evenly shared, with only more educated workers experiencing sustained
wage growth.

The more recent, uneven distribution of the benefits of productivity growth has led to pessimism
about the future of work, contributed to the current uneven distribution of income, reduced inter-
generational mobility, and contributed to the polarization of our society. Coinciding with these
changes in productivity and wage growth, the growth of the working age population slowed and
the national workforce is aging. According to the report, “In the U.S. and throughout the
industrialized world, employment is polarizing. At the top end, high-education, high-wage
occupations offer strong career prospects and rising lifetime earnings. At the other end, low-
education, low-wage occupations provide little economic security and limited career earnings
growth. As a result, the pathways to economically stable and secure careers for workers without
college degrees are becoming narrower and more precarious.” The report summarizes the
impacts of these changes on the future of work as follows, “We see no shortage of good careers
for highly educated workers. And we see no shortage of jobs for less educated workers. But we
find a paucity of good careers for workers without significant post-secondary training.”

Productivity growth is driven by capital investment and technological change. More recently,
rapid progress in robotics, artificial intelligence, and machine learning are changing the work
environment, and according to the MIT Taskforce, “digitalization does differ from prior waves of
automation: it has spurred growth of high- and low-wage jobs at the expense of the middle (labor
market polarization); it has concentrated earnings growth among the most educated and highest-
ranked workers, while earnings growth for the majority of workers has lagged (rising inequality);
and it has delivered only modest productivity growth in the recent decade, even while displacing
many categories of work, particularly those done by workers with high school or lower education.”

In 2020, the Work of the Future Task Force released The Work of the Future: Building Better Jobs in
an Age of Intelligent Machines report®, expending on the previous analyses and drawing six
conclusions:
1. Technological change is simultaneously replacing existing work and creating new work.
It is not eliminating work altogether.
2. Momentous impacts of technological change are unfolding gradually.
3. Rising labor productivity has not translated into broad increases in incomes because
labor market institutions and policies have fallen into disrepair.
4. Improving the quality of jobs requires innovation in labor market institutions.

° https://workofthefuture.mit.edu/research-post/the-work-of-the-future-building-better-jobs-in-an-age-of-intelligent-

machines/.
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5. Fostering opportunity and economic mobility necessitates cultivating and refreshing
worker skills.

6. Investing in innovation will drive new job creation, speed growth, and meet rising
competitive challenges.

According to the MIT report, reforms and investments in manufacturing innovation and
workforce development are essential. The Work of the Future Task Force report goes on to make
three recommendations on how to accelerate and shape innovation while bringing the
employment rates, earnings levels, and economic mobility of rank and-file U.S. workers back into
alignment with the trajectory of U.S. innovation and productivity growth, these include: 1) Invest
and Innovate in Skills and Training; 2) Improve Job Quality; and 3) Expand and Shape Innovation.
These are also the core areas of focus for the Maryland Transforming Manufacturing in a Digital
Economy Workgroup.

The Work of the Future reports highlight the role of technological changes such as robotics,
artificial intelligence, and machine learning on the future of work. These, along with new
materials, production processes and the cyber revolution are at the center of what has been
termed Industry 4.0 or Manufacturing 4.0. The term Industry 4.0 to describe what is in effect a
fourth industrial revolution (see Figure 3) originated from a high-tech strategy program of the
German government in 2011.1° Automation and technological changes are not new especially to
manufacturing; however, the integration of automation, internet communications, and big data,
the three core elements of Manufacturing 4.0 are reshaping industrial production.

Figure 3: The Birth of Industry 4.0

E0 R TR START OF THE 20* CENTURY  START OF PRESENT ,9
¥ P £ s 2
1 \k
1 ,
> INDUSTRY 2.0 v Automatization s
INDUSTRY 1.0 y
Mechanization Electrification INDUSTRY 4.0
Cyber-Physical System

Source: Automation.com

The Maryland Manufacturing Extension Program’s April 2022 The Future is Now, Realizing the
Promise of Industry 4.0 report!! describes the role, importance and impacts of
Industry/Manufacturing 4.0, so only a brief summary will be provided in this report, as an
introduction to the analyses conducted. While there are many different and competing
definitions, Industry/Manufacturing 4.0 refers to the Fourth Industrial Revolution — or the
integration of cyber and physical systems. McKinsey, defines Manufacturing 4.0 as “the next
phase in the digitization of the manufacturing sector, driven by four disruptions: the astonishing

10 Industry 4.0 and Manufacturing 4.0 are largely interchangeable terms. For the remainder of this report, the term
Manufacturing 4.0 is used due to the focus of the Workgroup on manufacturing in Maryland.
11 https://mdmep.org/the-future-is-now-realizing-the-promise-of-industry-4-0/#StrategyReportDownload
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rise in data volumes, computational power, and connectivity, especially new low-power wide-area
networks; the emergence of analytics and business-intelligence capabilities; new forms of human-
machine interaction such as touch interfaces and augmented-reality systems; and improvements
in transferring digital instructions to the physical world, such as advanced robotics and 3-D
printing.”*2

Manufacturing 4.0 is important to Maryland because not only is it reshaping manufacturing
production, it has the significant potential to make manufacturing in the state more competitive
nationally and internationally. The McKinsey Global Research Institute’s Building a More
Competitive US Manufacturing Sector report identifies investing in these technologies as critical to
enhancing the competitive position of manufacturing.'® Similarly, by supporting investment in
these technologies, Maryland can enhance the competitiveness of its own manufacturing sector.
Other states are making these investments. In supporting these investments, Maryland however,
must recognize the issues raised in the Work of the Future reports cited above. Technological
change and investments in automation have significant workforce implications, most importantly
by increasing the workforce skills requirements of the manufacturing sector. Automation and
technology investment can reduce the need for labor, while simultaneously increasing the skills
requirements for manufacturing jobs. Combined, this can support a renaissance in manufacturing
not only nationally, but also in a higher cost location such as Maryland.

The changes in manufacturing production technologies embodied in Manufacturing 4.0 have the
potential to reshape manufacturing, nationally and here in Maryland. The transformative
potential of Manufacturing 4.0 technologies was explicitly recognized in the creation of the
Maryland Transforming Manufacturing in a Digital Economy Workgroup and its specific charge to
describe the new and emerging digital technologies that are reshaping manufacturing production;
assess the barriers to investing in these technology,; and identify potential State of Maryland
programs to address these barriers. Manufacturing 4.0 involves changes in both production
technology (through automation, additive manufacturing, and robotics) and the integration of
advanced computer/information technologies (such as the Internet of Things (loT), big data
analytics, artificial intelligence, and autonomous systems) into the manufacturing process. As a
result of these technological changes, the workforce needs of the manufacturing workforce is
changing, increasing the need for computer (analytics, coding, and programming) as well as STEM
(Science, Technology, Engineering and Math) skills. Workers with these skill sets are already in
short supply.

As described in the deliberations of the Maryland Transforming Manufacturing in a Digital
Economy Workgroup, Maryland manufacturing companies, especially smaller/mid-sized and
women/minority owned companies face significant financial and operational barriers to
identifying, investing in, and deploying new Manufacturing 4.0 technologies. Similarly, Maryland
manufacturing companies not only currently face significant shortages of qualified workers, these

12 https://www.mckinsey.com/business-functions/operations/our-insights/manufacturings-next-act.
13 https://www.mckinsey.com/featured-insights/americas/building-a-more-competitive-us-manufacturing-sector.
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shortages can be expected to get worse as Manufacturing 4.0 and related technological changes
increase the already demanding technological requirements of manufacturing jobs. As a result of
these issues, as laid out in Senate Bill 444/House Bill 658, in addition to assessing the potential to
support Manufacturing 4.0 investments, Maryland needs to identify and develop programs to
support Manufacturing 4.0 investment and to meet the increasingly technical workforce needs of
the sector. These issues will be addressed in the report below.

Combining support for manufacturing investments in Manufacturing 4.0 with reforms and
investments in workforce training to address the unmet workforce needs of Maryland’s
manufacturing sector has the significant potential to improve and restore our basic
competitiveness in manufacturing and create good jobs for Marylanders.

Assessment of State Efforts Underway to Support Manufacturing 4.0
Adoption

In order to inform two of the Transforming Manufacturing in a Digital Economy Workgroup’s nine
goals, specifically to:
e Examine existing financial resources available to manufacturers seeking to invest in
Industry 4.0 technology; and
e Recommend additional financial support delivery mechanisms, as needed, to enable State
manufacturers to adopt Industry 4.0 technology and enhance the ability of industry service
providers to increase the scope of their industry support;
The JFI:
1) conducted an internet search and interview-based effort to identify existing Maryland
programs to support Manufacturing 4.0 adoption; and
2) conducted a literature review and interviews with key national organizations, such as the
National Institute of Standards and Technology (NIST) and best practice programs, to
identify and describe state programs to support Manufacturing 4.0 investment and
adoption.

Maryland State Programs to Support Manufacturing Technology Adoption

At the time the initial research was conducted, the Maryland Manufacturing 4.0 Grant Program
had not yet initiated operations. Prior to the initiation of this program, Maryland had no
specifically targeted program to provide Manufacturing 4.0 investment support other than its core
business assistance programs, described below. However, the JFl identified three core programs,
described in Table 8 below, that are focused on providing technical assistance and support to the
manufacturing sector, including support for Manufacturing 4.0 adoption:

e Maryland Manufacturing Extension Partnership (Maryland MEP) is part of the NIST
national manufacturing extension program. Maryland MEP is a non-profit organization
funded by industry and the State of Maryland focused on growing and strengthening
Maryland manufacturers. Serving mostly small and mid-size manufacturers (500
employees or less) across all industries, Maryland MEP provides an array of programs and
service in five core areas: Strategy and Growth; Process and Innovation; Talent and
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Workforce; Technology and Cybersecurity; and Supply Chain and Defense; to help
Maryland manufacturers operate more efficiently, grow profitability, implement new
technologies and create more jobs and opportunities in Maryland. Maryland MEP is
spearheading efforts to support Manufacturing 4.0 adoption in the State and in April 2022
completed The Future is Now, Realizing the Promise of Industry 4.0: A Strategic Plan to
Ensure a Competitive Future for Manufacturing in Maryland strategy to support
Manufacturing 4.0 adoption.

e Fraunhofer USA Center Mid-Atlantic (CMA) is a component of the Fraunhofer USA Center,
a national research and development organization affiliated with Fraunhofer-Gesellschaft,
Europe’s largest application-oriented research and development organization. Fraunhofer
USA has three U.S. centers and works with industry, universities, and government on
contract research projects. The Fraunhofer CMA Center comprises two divisions:
Software and Systems Engineering and Molecular Biology. Located in Riverdale, Maryland,
the Software Engineering Division drives critical thinking and software-enabled solutions
for its customers in industry, government and academia. Affiliated with the University of
Maryland, the Center conducts applied research aimed at designing and developing
software-intensive systems that are safe, secure, tested and verified. Key focus areas
include advanced Al applications for manufacturing, healthcare and life sciences, and
supply chain illumination and management. The Biotechnology Division, located in Newark,
Delaware, develops advanced technologies, emphasizing applications in human health and
has recent grants with the NIH, DoD, and the Bill and Melinda Gates Foundation.

e Maryland Technology Enterprise Institute (Mtech) is a unit of the A. James Clark School of
Engineering at the University of Maryland, College Park (UMCP). Mtech applies the diverse
faculty, student, research and technical capabilities of UMCP’s nationally engineering
program, ranked 22" best nationally according to U.S. News and World Report’s national
rankings, to support entrepreneurship and innovation education and venture creation in
Maryland and is a pioneer in building successful university-company partnerships. Mtech
offers a variety of programs to support entrepreneurship, technology commercialization
and venture creation. Of its many programs, two play an especially important role in
supporting Manufacturing 4.0:

o The Maryland Industrial Partnerships (MIPS) program provides funding for tech
product development projects teaming Maryland-based companies with University
System of Maryland faculty to develop and deploy technologies, with a total of 54 of
MIPS’s 956 projects being with manufacturers; and

o The University of Maryland MakerBot Innovation Center is a centralized, scalable
3D printing space that empowers everyone to invent, innovate, iterate, and
replicate. With the establishment of the MakerBot Innovation Center, students,
faculty, staff and the surrounding community are given a unique opportunity to
learn about the benefits that 3D printing can provide, both inside and outside the
research/prototyping setting. The Innovation Center boosts innovation by building
capability while concentrating resources and knowledge in one centralized location
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that everyone can use. The Innovation Center boosts innovation by building
capability while concentrating resources and knowledge in one centralized location
that students, companies and others can use.

In Fiscal 2023, the Maryland Department of Commerce initiated the Maryland Manufacturing 4.0
Grant Program to provide grants to small and mid-sized Maryland manufacturers to invest in
Industry 4.0-related technologies, machinery and robotics, and digital business practices in order
to remain competitive and drive growth. This pilot program is funded by $S1 million in the state's
fiscal year 2023 budget. The Program provides matching funds to small and mid-sized
manufacturers (3-150 employees) to cover hardware, software and training costs associated with
Manufacturing 4.0 investment. Awarded grants will cover 50 % of project costs, with a minimum
grant of $15,000 and a maximum grant of $50,000. Projects must clearly demonstrate a tie to
Industry 4.0, and a long term strategy for Industry 4.0 adoption.
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Table 8: Selected Maryland Programs to Support Manufacturing Technology Adoption

Provider

Maryland
Manufacturing
Extension Partnership

\ Program

Selected programs include:

Services

The Maryland Manufacturing Extension Partnership (MD MEP) is a non-profit organization funded by
industry and the State of Maryland focused on growing and strengthening Maryland manufacturers.
Serving mostly small and mid-size manufacturers (500 employees or less) across all industries, MD MEP
provides an array of programs and services to help these local companies operate more efficiently, grow
profitability, implement new technologies and create more jobs and opportunities in Maryland.

Talent & Workforce

The MD MEP team provides training, consulting,
financial and technical assistance related to skills
development, talent acquisition and training.

Technology & Cybersecurity

e Cybersecurity

* Robotics and Automation

* ERP Implementation

e Advanced Manufacturing Equipment,

Technology and Processes

Process & Innovation

® Operational Assessment

e Lean Manufacturing

e Quality

e Facility Layout and Optimization

¢ |SO Certification Assistance

» Food Safety Practices and Certification(s)

Fraunhofer USA Center
Mid-Atlantic (CMA)

Software and Systems Engineering

The Software Engineering Division drives critical thinking
and software-enabled solutions for its customers in
industry, government and academia. Affiliated with the
University of Maryland, the Center conducts applied
research aimed at designing and developing software-
intensive systems that are safe, secure, tested and
verified. Key focus areas include advanced Al
applications for manufacturing, healthcare and life
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Provider \ Program Services

sciences, and supply chain illumination and
management.

The Maryland Technology Enterprise Institute (Mtech) is a national leader in entrepreneurship and
innovation education and venture creation and is a pioneer in building successful university-company
partnerships. Selected Programs Include:

MIPS provides funding, matched by participating

Maryland Industrial Partnerships (MIPS) companies, for university-based research projects that

Maryland Technology

Enterprise Institute program help the companies develop new products.
(Mtech) A centralized, scalable 3D printing space that empowers
everyone to invent, innovate, iterate, and replicate.
MakerBot Innovation Center Students, faculty, staff and the surrounding community

are given a unique opportunity to learn about the
benefits that 3D printing can provide.

The Maryland Manufacturing 4.0 grant program provides grants to small and mid-sized Maryland
manufacturers to invest in Industry 4.0-related technologies, machinery and robotics, and digital
business practices in order to remain competitive and drive growth. This pilot program is funded by $1
million in the state's fiscal year 2023 budget.

Maryland
Manufacturing 4.0
Grant Program

Source: JFI Review of Online Materials and Working Group Discussion
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Programs in Other States

While Maryland’s new and existing programs to support Manufacturing 4.0 adoption are
impressive and a step in the right direction, more can and must be done to support the needed
investments to more fully deploy this game changing technology in Maryland. The Maryland
MEP’s The Future is Now, Realizing the Promise of Industry 4.0: A Strategic Plan to Ensure a
Competitive Future for Manufacturing in Maryland plan identifies fourteen Action Items across
four Strategic Priority areas to enhance and support Manufacturing 4.0 adoption. These include:

STRATEGIC PRIORITY 1: ESTABLISHING RESOURCES FOR STARTING THE INDUSTRY 4.0 JOURNEY

Action 1.1: Offer Manufacturing 4.0-specific assessments and facilitation for Maryland
SMEs

Action 1.2: Invest in and support a Maryland Manufacturing 4.0 Tech Demonstration and
Training Lab primarily targeted toward SMEs.

Action 1.3: Catalog and showcase “Use Cases” in communicating the ROl and the journey
for other manufacturers that have successfully implemented Industry 4.0 technologies and
to assist in making the business case for investments.

Action 1.4: Provide assessment and informational resources for systems integration and
addressing interoperability challenges.

Action 1.5: Implement regular survey efforts to gauge progress on Industry 4.0 adoption
among Maryland SMEs.

STRATEGIC PRIORITY 2: ADDRESSING BARRIERS AND CHALLENGES TO INDUSTRY 4.0
TECHNOLOGY ADOPTION, INTEGRATION

Action 2.1: Develop and deploy a state incentives program—The Maryland Manufacturing
Innovation Fund—to de-risk and address cost challenges for SMEs to invest in digital,
Manufacturing 4.0 Technologies.

Action 2.2: Build awareness among Maryland manufacturers of existing state incentives
and programs, particularly those applicable to Industry 4.0 investments and workforce and
talent development.

Action 2.3: Advance broad-based assistance and strategic partnerships in addressing
cybersecurity threats to manufacturers.

Action 2.4: Support both up-skilling and broad-based training of Maryland’s manufacturing
workforce—both among incumbent workers and across the education pipeline—at an
appropriate scale for impending rise of Industry 4.0.

STRATEGIC PRIORITY 3: STRENGTHENING INTRA-STATE SUPPLY CHAIN CONNECTIONS

Action 3.1: Develop Maryland supply chain mapping and directory resources for
targeted manufacturing clusters.

Action 3.2: Incent, promote in-state supply chain connections, sourcing, purchasing.
Action 3.3: Proactively pursue potential “reshoring” opportunities in targeted
industries.

STRATEGIC PRIORITY 4: SEIZING EMERGING MANUFACTURING INDUSTRY AND MARKET
OPPORTUNITIES FOR ENGAGEMENT AND ASSISTANCE BY MD MEP
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e Action 4.1: Increase engagement between MD MEP and the Maryland life sciences cluster
to leverage strategic partnerships and collaborations with life sciences-focused state
organizations and strategic life sciences assets.

e Action 4.2: Identify and seize Federal procurement opportunities for Maryland
manufacturers.

In order to assist the Task Force in its goal to Recommend additional financial support delivery
mechanisms, as needed, to enable State manufacturers to adopt Industry 4.0 technology and
enhance the ability of industry service providers to increase the scope of their industry support, the
JFl identifies and describes key successful national programs to support Manufacturing 4.0
Investment in three areas:

1) Planning;

2) Investment support; and

3) Technology test beds.

State Planning to Support Manufacturing 4.0 Investment

In order to fully realize the potential of Manufacturing 4.0 states need to: prepare strategic plans
or roadmaps to identify industry technology needs; assess existing resources; determine the
alignment of resources to need; and develop programs to meet areas of unmet needs to enhance
and incentivize Manufacturing 4.0 adoption. These plans need to go beyond basic planning
documents and be based on substantial manufacturing industry and related stakeholder
engagement and a thorough assessment of both assets and needs to support sector growth.
Based on the JFI's review of existing programs, two states stand out in planning for Manufacturing
4.0 adoption, Connecticut and lowa.

Connecticut, though legislative action, similar to that enacted in Maryland, established the
Manufacturing Technology Working Group in 2021 to:

e  Compile comprehensive profiles, including mission statements, and lists of services, for all
entities that receive state or federal funding for the purpose of researching, developing,
training, marketing, consulting or deploying Industry 4.0 technology or associate services,
directly to, or for the benefit of, manufacturing startups, small and mid-sized
manufacturers or other businesses primarily engaged in manufacturing;

e  Conduct value-stream mapping and other analyses, as needed, to assess the flow of
services from the entities identified; and

e  Submit a strategic plan to ensure that manufacturers in the state have a strategy for the
lean application and integration of Industry 4.0 technology into their product development
and production processes.

This working group is made up of representatives from the Connecticut Center for Advanced
Technology; CONNSTEP (Connecticut’s NIST MEP site); manufacturing companies (small, medium
and large); and representatives from higher education and service providers.}* Connecticut will be

14 https://trackbill.com/bill/connecticut-senate-bill-1021-an-act-establishing-a-manufacturing-technology-working-
group/2057640/.
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releasing this strategy in October, but as will be described below is already a national leader in
programs to support Manufacturing 4.0 investment.

lowa’s Manufacturing 4.0 Study and Programming was initiated by the lowa Innovation Council
(I1C), an advisory group comprised of business leaders, public universities, representatives and
community college officials charged with developing strategies to encourage and support
innovation. The Innovation Council works to promote advanced industries, including: Biosciences;
Advanced Manufacturing; Ed Tech; Finance; and Renewable Energy. The Council’s Advanced
Manufacturing Work Group, a subgroup of the lowa Economic Development Authority’s (IEDA)
lowa Innovation Council, led the Manufacturing 4.0 effort and created a focused Manufacturing
4.0 Working Group and commissioned the development of an Industry 4.0 Strategy.'®

In many ways, Maryland has implemented a similar Manufacturing 4.0 planning effort, combining
elements of both Connecticut, through the creation of this legislatively mandated task force, and
lowa, with Maryland MEP commissioning The Future is Now, Realizing the Promise of Industry 4.0:
A Strategic Plan to Ensure a Competitive Future for Manufacturing in Maryland strategy. However,
more could be done to more fully identify resources and needs for Manufacturing 4.0 and better
engage the Maryland manufacturing and related stakeholder community in program development
and design.

Given the impending change in State administration, this would be a good time for
Maryland to develop a strategy not only to support Manufacturing 4.0 investment and adoption,
but to better identify the overall needs of the manufacturing sector to guide the incoming
administration to support the growth of this important sector.

Investment Support

While Maryland has made the first step in supporting Manufacturing 4.0 investment through the
creation of the Maryland Manufacturing 4.0 Grant Program, other states have gone much further
in deploying much larger Manufacturing 4.0 investment grant, loan and tax incentive programs.
The JFI, in its review of national efforts identified nine state level efforts to provide financial
support to Manufacturing 4.0 investment. Four of these (summarized in Table 7) stand out as
models for Maryland to potentially emulate in designing a Manufacturing 4.0 investment strategy.

The Connecticut Center for Advanced Technology (CCAT) is an applied technology development,
demonstration and training center that innovates, validates, demonstrates, and assists with the
adoption of leading-edge technologies into Connecticut and the nation’s advanced manufacturing
supply chain, while providing vital workforce training and upskilling necessary for companies to
fully-utilize the technology advancement. Selected programs include:

e Advanced Technology Centers;

e  Career, Employer, Educational and Workforce Development Programs;
Industry/Manufacturing 4.0 Programs and Working Group; and
Research.

15 https://www.iowamfg.com/iowa-manufacturing/.
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CCAT has three Manufacturing 4.0 Investment programs:

1. Industry 4.0 loT Integration Voucher Program (IVP) - matching grants up to $20,000 to
assist with the implementation of 10T solutions and the creation of smart factories. $900K
and 30 Companies to date.

2. Manufacturing Innovation Fund - $5,000 to a maximum of $50,000 in matching grants to
improve manufacturing productivity, efficiency and competitiveness. To date, 540
Connecticut companies have leveraged over $23.8 million in grants to upgrade their
equipment and processes, train employees, and incorporate the latest software into their
IT systems. Connecticut has allocated $20 million for the MIF to be allocated in fiscal years
2022 and 2023.

3. Additive Manufacturing Adoption Program (AMAP) awarded matching grants of $100,000
each to six manufacturers in Connecticut to facilitate the adoption of additive
manufacturing in their operations.

The Massachusetts Center for Advanced Manufacturing (CAM)’s mission is to foster the most
complete, collaborative and agile manufacturing ecosystem, to enable business growth from
innovation through production. The CAM is a division of the Massachusetts Technology
Collaborative (MassTech), a public economic development agency tasked with supporting business
formation and growth in the Commonwealth’s tech and innovation sectors. CAM provides a path
for manufacturing growth through a connected, accessible ecosystem that supports innovation,
workforce development and a business friendly environment. CAM managed programs include the
Massachusetts Manufacturing Innovation Initiative (M212), the MassBridge manufacturing training
program, and the mamanufacturing.com portal. Key Manufacturing 4.0 Programs:

1. Massachusetts Manufacturing Accelerate Program (MMAP) - invests in small- to medium-
sized manufacturers to help coordinate and prepare our supply chain to respond to
increasing demands and to spur new opportunities for growth.

e S$2 million per year, with each award being no greater than $250,000 (matching) — 5
Years of Funding.

e Applicants must be a collaboration between a manufacturer and an institution of
higher education, non-profit, or other public or quasi-public entity (manufacturing
ecosystem partner)

2. Mass. Manufacturing Innovation Initiative (M212)

e Capital cost sharing program.

e Project must be aligned with CAM’s 12 manufacturing institute focus area.

e Most Grantees are Universities

e S$70M invested to date on business expansion and educational projects to secure
our advanced manufacturing leadership

o $90 Million Leveraged
o 150 Company Partners

Conexus Indiana is a nonprofit initiative founded in 2007 to position the Hoosier State as the best
place for advanced manufacturing and logistics industries to innovate, invest, employ and succeed.
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It is a network of industry, education, and public-sector leaders that’s strengthening Indiana’s
competitive advantage in advanced manufacturing and logistics (AML). We leverage innovation
and technology and address the most pressing talent needs to make AML more productive and
profitable. Its goal is to make Indiana a global AML powerhouse and to ensure our state will be a
leader in this sector for generations to come. Conexus supports Manufacturing 4.0 investment
through its Manufacturing Readiness Grant, which is:
e A partnership with the Indiana Economic Development Corporation/ Next Level
Manufacturing Institute.
e Had $4 Mil. 2020 and $10 Mil. Annual Funding for 2021 and 2022
e Made 169 Awards for $13.4 Mil. Awarded —and $93 Mil. in related investments
e Provides $200,000 Matching Grants (Projects Range from $9k - $200k)
e Focuses on Hardware — but also can be used for Software
e Requires that qualifying technology adoption should be transformative for Indiana
manufacturing operations by enhancing capacity, capability, speed and quality.
e Funded Projects include: Internet of Things (IoT), cloud computing and analytics, advanced
modeling, additive manufacturing, artificial intelligence and cobots.

lowa - Manufacturing 4.0 Initiative- Led by the lowa Economic Development Authority, creates
strategies and actions focused on ensuring lowa is a global leader in the next generation of
manufacturing.
Industry 4.0 Assessments, with the following efforts:
e Monitor and Track Manufacturing 4.0 Adoption.
e Support cross-industry and industry-university collaborations and implement company
specific assessments to address critical manufacturing-specific cybersecurity challenges.
e Provide resources to lowa manufacturing SMEs to help address interoperability challenges
in a dynamic Industry 4.0 operating environment.
e Form an lowa OEM Advisory Council to advise, counsel, and support supply chain SMEs in
adopting Manufacturing 4.0 technologies.
e Collaborate to scale Manufacturing 4.0 training/re-training.

Manufacturing 4.0 Grant Programs
1. Manufacturing Innovation Equipment Grants
e Eligible companies can apply for matching grants up to $50,000 for the purchase of
specialized equipment aimed at helping manufacturers increase productivity,
efficiency and competitiveness.
2. Manufacturing Industrial Internet of Things (IloT) Infrastructure Investment Grants
e Eligible companies can apply for matching grants up to $25,000 for the purchase of
specialized hardware or software in the Industry 4.0 technology groups

The Grant Program is linked to the state’s MEP, with firms required to undergo an assessment by
the Center for Industrial Research and Service (CIRAS) to develop a plan for their investment in
advance of submitting a grant application. The program is:
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e Focused on Small Business, with 3-75 Employee;
e Provides $7.0 million for small manufacturers; with
e S$2.5 Mil. deployed— 41 companies.

Based on the JFI review of these programs, successful Manufacturing 4.0 investment programs
are:
1. Based on long term plans to support the manufacturing sector;
2. Provide stable long-term funding — nearly all programs reviewed have been extended
with increased funding based on strong industry demand;
3. Arelinked to larger industry led efforts or manufacturing support organizations;
4. Are targeted on small to mid-sized manufacturing where the need for support is the
greatest; and
5. Several are linked to MEP Manufacturing 4.0 technical assistance efforts.
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Selected State Programs to Support Manufacturing 4.0 Adoption

Part of a Larger
Manufacturing

Most Recent

Year’s Program

Project

Required

Program Center Funding Funding Linkages
Industry 4.0 loT Integration
Voucher Program (IVP) »900k 220,000
Manufacturing Innovation Connecticut Center . .
S5 Mil. $3 Mil.
CT Fund Voucher Program for Advanced . $49,000 None
More in 2022
(MVP) Technology
Additiye Manufacturing $600K $100,000
Adoption Program
Massachusetts MEP/
Manufacturing Accelerate S2 Mil. $250,000 )
Massachusetts Higher Ed.
Program (MMAP) Center for
MA $100 Mil.
. Advanced
Mass. Manufacturing Manufacturin Invested 6 Years No Ca Universit
Innovation Initiative (M212) B ago - $80 Mil. P ¥
Spent
iy | Manufacturing Readiness Conexus Indiana $4 Mil. $200,000
Grant
Mar?ufacturlng Innovation No - Part of'Iowa $50,000
Equipment Grants Economic
A Manufacturlng Industrial DeveImeent $5 Mil. MEP
Internet of Things (lloT) Authority - Long $25,000
Infrastructure Investment Term Plan to !
Grants Develop a Center

Source: JFI Analysis

There are several other examples of states offering financial support for investments in
manufacturing automation. One example of a broad-based tax incentive is the North Dakota

Automation Credit — 215t Century Manufacturing Workforce Initiative, under which taxpayer is
allowed up to a 20% income tax credit for the purchase or capital lease of manufacturing
machinery and equipment for the purpose of automating manufacturing processes in North
Dakota. The state has allotted S1 million in credits for deliveries made in each calendar year
(calendar years 2019-2022).

Technology Demonstration Training Labs

One of the fourteen recommendations in the Maryland MEP’s The Future is Now, Realizing the
Promise of Industry 4.0: A Strategic Plan to Ensure a Competitive Future for Manufacturing in
Maryland plan report is Action 1.2: Invest in and support a Maryland Manufacturing 4.0 Tech
Demonstration and Training Lab primarily targeted toward SMEs. Creating a dedicated
Manufacturing 4.0 demonstration, testing and training facility can offer multiple benefits,
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including both allowing companies to test equipment and providing equipment for students to
train on state-of-the-art equipment. Creating these spaces was identified in the MIT
Benchmarking Advanced Manufacturing Education: A study from the MassBridge Workforce
Education Program report on manufacturing education as follows:
Ensure access to advanced manufacturing equipment. Employers want students
who have actual experience with the latest production technologies. Because of the
cost of equipment, there is a significant challenge in getting students hands-on
learning, particularly with advanced equipment. One approach, noted in the
Asnuntuck Community College example above, is for a state to create regional
technology centers shared by consortia of community colleges, high schools and
employers. In addition to providing efficient student access to equipment, providing
companies access can help them test and experiment with new equipment,
evaluating how it can improve their production process and assist in training for their
workers. However, since travel to shared centers can be a barrier for students, other
creative approaches may be required. For example, programs could provide basic
equipment in all sites and specialized equipment in shared sites, or programs could
be designed to provide required hands-on e equipment, there is a significant
challenge in getting students hands-on learning, particularly with advanced
equipment. One approach, noted in the Asnuntuck Community College
example above, is for a state to create regional technology centers shared by
consortia of community colleges, high schools and employers. In addition to
providing efficient student access to equipment, providing companies access can
help them test and experiment with new equipment, evaluating how it can
improve their production process and assist in training for their workers.
However, since travel to shared centers can be a barrier for students, other
creative approaches may be required. For example, programs could provide
basic equipment in all sites and specialized equipment in shared sites, or
programs could be designed to provide required hands-on experience in the least
possible number of trips.

The Workgroup has been briefed on a private sector — Manufacturing 4.0 demonstration facility, the
23,000-square-foot Advanced Manufacturing Center of Excellence in Hartford, Connecticut. Called
“Manufactory 4.0,” the facility will serve as the epicenter for the company’s global Industry 4.0
“smart factory” and workforce upskilling initiatives. The facility features Industry 4.0 systems the
company has successfully adopted in recent initiatives, new technologies that the lab will be
focusing on moving forward, as well as a showcase of how they can be implemented into SB&D
facilities around the world in the years ahead. The Manufactory serves as the nerve-center of
Stanley Black & Decker’s Industry 4.0 transformation. It is designed to more rapidly test and deploy
technologies at the company’s manufacturing facilities and deeply engage with a wide range of
public and private partners. The Manufactory is also an innovation hub for the local region,
helping Connecticut’s manufacturing community, including suppliers and customers, evolve into
advanced manufacturing and to re-develop Connecticut as a leading market for advanced
manufacturing in the United States.
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Several states have developed similar facilities, with the JFI's research identifying the
Oregon Factory of Tomorrow as a potential best practice.

Oregon - Factory of Tomorrow The Oregon Manufacturing Extension Partnership (OMEP) and
Oregon Manufacturing Innovation Center Research and Development (OMIC R&D) partnered to
create an advanced manufacturing technology lab designed for Oregon’s small and mid-sized
manufacturers. This lab will empower manufacturers to adopt current and emerging technologies
that are driving productivity around the globe. The lab provides a space for companies to test
technologies, and achieve proof of concept for adopting new technologies before investing. All
hardware and software in the lab are integrated to show that Smart Factories and Industry 4.0
advanced technologies are within reach. The Factory of Tomorrow demonstrates real world
applications in a low volume, high mix environment.

Another Manufacturing 4.0 technology demonstration is Virginia’s GENEDGE Alliance - Mobile
Technology Insertion Program (MTIP) a mobile demonstration facility that will educate and train
small and mid-sized manufacturers on advanced manufacturing technologies and how they could
potentially benefit their operations.

High Level Assessment of Selected Tax and Regulatory Issues

In order to inform the Workgroup’s charge to Examine the State’s current statutory and regulatory
authority over manufacturing to examine potential reforms to attract new manufacturing
businesses brought by Industry 4.0 to invest in the State’s economy and workforce, the JFI
conducted a high level assessment of key business climate, tax and regulatory issues impacting the
Maryland manufacturing sector. While tax and regulatory issues clearly impact the manufacturing
sector, neither were a core focus of the Workgroup’s deliberations, which focused on the dual and
related needs for supporting Manufacturing 4.0 investment and adoption and addressing
workforce needs and issues.

Business and Manufacturing Climate Rankings
Maryland has been perceived as having business climate issues that impact the competitiveness of
its entire business base. A states’ business climate can broadly be defined as the perceived
hospitality of a state or locality to the needs and desires of businesses located in, or considering a
move to, that jurisdiction. Business climate has multiple, and in some cases conflicting
components, including infrastructure; workforce; taxes; regulations; and
entrepreneurship/technology. According to the 2014, Interim Report of the Maryland Economic
Development and Business Climate Commission (the Augustine Commission):

“Three independent rankings of “business climate” place Maryland in twentieth,

thirty-fifth, and fortieth place. While there are many surveys reflecting somewhat

differing viewpoints, the evidence presented in this report is believed to fairly

represent an overall consensus of those surveys. In fact, the strongest message

conveyed by witnesses appearing before MEDBCC, whether representing small or

59



DocuSign Envelope ID: 25544505-8E6A-4337-AD96-59209293E4E4

Appendix A: Report on Transforming Manufacturing in a Digital Economy
L Authored by: Jacob France Institute

large businesses, was dissatisfaction with the attitude towards business from State
and local government units.”

There are multiple national reports ranking state’s business climates, and Maryland’s ranking
varies based on the emphasis in each business climate ranking effort. Maryland’s position in a
selected number of these rankings are as follows:
e Site Selection Magazine (2021) — Maryland not in Top 10 — Ranked 7th of 8 states in South
Atlantic Region
e Chief Executive (2022) — Maryland 32"
e Beacon Hill (2018) — Maryland 26™
e Forbes (2019) Maryland 34th overall and 41st in Regulation
e CNBC(2022) — Maryland 27t
e The Milken Institute’s 2020 STATE TECHNOLOGY AND SCIENCE INDEX: OVERALL RANKINGS
ranks Maryland 4t nationally in terms of its knowledge economy.
In terms of specific areas of business climate, the Tax Foundation 2022 State Business

Tax Climate Index ranks Maryland 46", down from 39th in 2014, in its tax climate; in terms of
regulation, the Mercatus Center ranks Maryland as “Highly Regulated”; and for manufacturing the
Ball State Center for Business and Economic Research 2020 Manufacturing and Logistics National
Report gives Maryland a “D” grade in terms of the health of its manufacturing sector.

Growing the Maryland Manufacturing Base Requires an emphasis on improving the State’s
Business Climate. Based on national business climate rankings, Maryland generally performs well
in terms of the assets available to support economic development, such as workforce, location,
research and development, and technology assets. However, when rankings focus on business
costs, such as taxes, regulations, and labor costs, Maryland generally performs more more poorly.
According to the Augustine Commission report, “Highly publicized surveys that rank Maryland low
in its business climate stand as a significant deterrent to entrepreneurs and relocating businesses,
as well as to retaining existing businesses. Even the most well-run economic development
programs cannot excel if there is a perception that the State is unfriendly to business.”

Maryland Business Climate Survey

Another way to assess perceptions of Maryland’s business climate is to survey firms on their
perceptions of the State as a place to do business. In 2019, the JFI teamed with the Maryland
Public Policy Institute to restart the Maryland Business Climate Survey. This survey of 1,010
Maryland businesses in “mobile industries” collected information on firm perceptions of
Maryland’s business climate as well as taxes and regulations. While the data is from 2019, it does
allow for the analysis of how the perceptions of Maryland’s business climate varies between
manufacturing and nonmanufacturing firms and has the advantage of establishing a base line to
pre-pandemic conditions. Overall, manufacturing firms had a slightly less favorable perception of
Maryland as a place to to business, with 47% of manufacturing respondents ranking Maryland’s
business climate as pro-business or business friendly, compared to 48% of non-manufacturing
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firms, but 21% of manufacturing respondents ranking Maryland’s business climate as either
unfriendly to business, or anti-business, compared to 17% of non-manufacturing firms. When
asked about taxes and regulations in Maryland:
e 26% of manufacturing firms compared to 24% of non-manufacturing firms reported being
negatively impacted by Maryland regulations (Figure 4);
e 71% of manufacturing firms compared to 65% of non-manufacturing firms reported being
negatively impacted by Maryland taxes (Figure 4); and
e When asked which regulations and taxes, manufacturing and non-manufacturing firms reported
similar responses with an overall focus on taxes in general and regulations in general (Table 10).

Figure 4: 2019 Maryland Business Climate Survey — Percentage of All Firms and Manufacturing
Firms Reporting They are Negatively Impacted by Regulations and Taxes
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Table 10: Most Burdensome Regulation and Tax
All
Which Regulation? Firms Manufacturers
Environmental Regulations 9% 5%
Labor Regulations 17% 3%
Health care Regulations or 8% 8%
Medical Coverage
Problems with dealing 5% 3%
with Regulatory Agencies
Tax Regulations 15% 21%
Occupational Safety
(MOSH, OSHA) 1% 0%
Building Permits 5% 8%
General or Other
Regulations 12% 13%
All Regulations 29% 41%
All
Which Tax? Firms Manufacturers
Income Taxes 20% 14%
Payroll Taxes 16% 17%
Sales or Use Taxes 6% 7%
Property Taxes 12% 15%
Taxes in General 46% 47%

Source: JFI/MPPI Business Climate Survey

Regulatory Issues
Few regulatory issues directly impacting the manufacturing sector were discussed in the
Workgroup meetings or identified in the reports and materials reviewed or interviews held.
There was a general consensus in the Workgroup meetings and discussions/interviews not to the
spend limited time and resources available on regulatory issues, but to instead focus on the need
for Manufacturing 4.0 investment support and devote additional JFI resources to the
manufacturing sector’s workforce issues — discussed in the next section of this report. The 2016
Augustine Commission report was discussed in Workgroup and discusses Maryland’s regulatory
environment, with the following findings:

“Regulatory Structure

Business costs, quality of life, regulatory environment, and workforce quality are

among the factors typically evaluated to determine the best states for business. The

regulatory environment, which is sometimes evaluated as a part of another category

such as the cost of conducting business, generally includes State oversight of the

environment, infrastructure, workers’ benefits, and construction.

MEDBCC heard from a number of witnesses about obstacles that businesses face

when interacting with State agencies. Complaints included: State agencies (1)

refusing to grant “common sense” exceptions to newly adopted regulations; (2)
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exceeding the timeframe prescribed for determining the final outcome of a permit,
license, or other agency decision; and (3) refusing to openly discuss issues with
businesses regarding the interpretation of regulations. The 2014 Forbes Best states
for business survey corroborates much of this witness testimony; Maryland ranks
thirty-sixth in the “regulatory environment” category, which examines factors such as
a state’s labor regulations, health-insurance coverage mandates, and occupational
licensing. (Virginia, which many business owners praise for its regulatory
environment, ranks number one in the 2014 Forbes Best States for Business survey
insofar as regulatory environment is concerned.)

Finding 5. Business in the State suffers from a lack of certainty and inconsistent
timeframes for agency decisions.

Too often, agencies exceed the time limit in which they are prescribed to issue a
decision or amend a previous compliance or enforcement decision. The overarching
theme of most witness testimony before MEDBCC regarding the State’s regulatory
environment was the lack of certainty in State agency decisions and the seemingly
indefinite period of time a State agency had to make decisions about permits and
licenses. Few witnesses cited any specific regulation that routinely impedes
business growth; instead, most witnesses expressed frustration with a State
agency’s ability to unilaterally extend the time it has to process a permit
application, as well as to change its decision regarding conditions for compliance
with a regulation. Others cited State agency unwillingness to address or explain
what appeared to be illogical applications of regulatory provisions.”

Tax Climate Assessment

While regulatory issues did not rise to the forefront of key issues for the JFl research, or
Workgroup discussions, Maryland’s tax climate was considered a barrier to the success of the
manufacturing sector. The Workgroup agreed with the JFI research that Maryland does have an
overall high tax burden. The Workgroup as surprised at the finding that while Maryland’s overall
tax burden was high, tax policies and abatements mitigate the impact of taxes somewhat on
Maryland manufacturers and based on an industry facility specific study of tax burdens nationally,
Maryland was competitive in terms of taxes for manufacturing.

Overall, Maryland has a high level of business tax burden. According to the national Tax
Foundation’s 2022 State Business Tax Climate Index, Maryland was ranked 46™ nationally and
behind all of the State’s regional competitors except Washington DC (48™). Maryland’s ranking
has fallen from 42" nationally in 2017 and 2012 — so Maryland’s overall competitiveness in terms
of business tax rankings has fallen. In terms of regional comparisons, Delaware was ranked 16,
West Virginia 215, Virginia 25" and Pennsylvania 29t. According to the Tax Foundation, Maryland
was ranked: 33" in Corporate Income Taxes; 46 in Individual Income Taxes; 26™ in Sales Taxes;
43" in Property Taxes; and 46™ in Unemployment Insurance Taxes. However, it is important to
note the while Maryland’s overall tax burden is high, favorable apportionment formulas, generous
property tax abatement, low income, unemployment insurance, and sales tax burdens make
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Maryland competitive for both capital- and labor-intensive manufacturing — with Maryland
ranked: 8t nationally in terms of tax burden on a mature capital intensive manufacturer; 5% in
terms of tax burden on a new capital intensive manufacturer; 13" in terms of tax burden on a
mature labor intensive manufacturer; and 22" in terms of tax burden on a new labor intensive
manufacturer (Figure 5).

Figure 5: Effective State Tax Rates and National Rankings by Type of Firm for Maryland
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Source: Tax Foundation - Location Matters 2021 The State Tax Costs of Doing Business

Utilization of Maryland State Incentives

Nationally, there are a large number of business incentives programs. The JFl identified 2,373
state business incentives programs nationally, with Maryland having 83 (the most of any state). Of
the 2,373 programs, 63 are specifically targeted to manufacturing; however, most of broad
incentive programs are open to and include manufacturing. Interestingly, of the 63 targeted state
incentives programs specifically targeted on manufacturing 10 are in Connecticut, a best practice
state described above for its manufacturing programs.'® Maryland offers a wide variety of
business tax credits and financial and assistance programs. The Maryland Department of
Commerce surveyed manufacturers on their awareness of key state programs and the JFI collected
data from the Maryland Departments of Commerce and Labor on manufacturers utilization of key
state programs. Overall, while manufacturing firms’ awareness of key state programs is limited,
manufacturers are utilizing the key state programs.

16 JFl analysis of data from http://selectusa.stateincentives.org.
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Overall Maryland Manufacturers have limited awareness of Maryland State Programs. In the
2021 Maryland Manufacturing Survey, the Maryland Department of Commerce surveyed firms on
their awareness of 28 key Maryland business tax credits, financial programs and assistance
programs. Overall, a minority of manufacturing firms, were aware of key state programs, ranging
from 28% of firms being aware of the Job Creation Tax Credit Program to 4% of firms being aware
of Maryland Industrial Development Financing Authority (MIDFA) programs (Figure 6).

Figure 6: Manufacturing Company Awareness of Selected Maryland Business Tax Credits,
Financial Programs and Assistance
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Maryland Manufacturers are Utilizing Existing State Programs. \While a minority of Maryland
manufacturing firms are aware of Maryland’s key business tax credits and financial and assistance
programs, manufacturing firms do utilize many of these programs. The Maryland Department of
Commerce and Workgroup identified thirteen key State programs most relevant to the
manufacturing sector in presentations to the Workgroup, with nine managed by the Maryland
Department of Commerce, and three by the Maryland Department of Labor. These include:
e Six Loan and Grant Programs (Advantage Maryland; Maryland Industrial Development
Financing Authority; ExportMD; Maryland Defense Cybersecurity Assistance Program; Supply
Chain Resiliency Program; and the MEA’s Commercial, Industrial & Agricultural Grant
Program);
e Three Tax Credit/Exemption Programs (More Jobs for Marylanders Tax Credit; Job Creation
Tax Credit; R&D Tax Credit); and
e Three Workforce Programs.

As presented in Table 11, manufacturing firm participation in the programs where data were
available was relatively strong, with manufacturers representing the majority of firms participating in

the More Jobs for Marylanders Tax Credit and Partnership for Workforce Quality (PWQ) and
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manufacturing firms representing a strong base of firms participating in other programs.” With
strong manufacturing participation in key state programs, increasing manufacturing firm
awareness of and participation in existing programs should be a core emphasis of Maryland’s
manufacturing strategy.

Table 11: Manufacturing Utilization of Selected Programs, FY2016-21 for Key Financial Programs
Loans and Grants Department Notes

Advantage Maryland Commerce e 89 Recipients — 34 Manufacturers
Maryland Industrial Development
Financing Authority

ExportMD Commerce e 199 Recipients — 47 Manufacturers
Maryland Defense Cybersecurity

Commerce e 8 Recipients — 1 Manufacturer

. Commerce
Assistance Program
Supply Chain Resiliency Program Commerce
More Jobs for Marylanders Tax Commerce e 29 Recipients — 29 Manufacturers
Job Creation Tax Credit Commerce e 81 Recipients — 23 Manufacturers
R&D Tax Credit Commerce e 1,892 Recipients — 599 Manufacturers
Workforce Training Department Notes
Partnership for Workforce Quality Commerce e 97 Recipients — 63 Manufacturers
(PWQ) e 2,493 Trainees — 1,336 in Manufacturers
Maryland Business Works Labor e S500k — 4 Programs

e 64 Active SIPs —9 Manufacturing
EARN Labor Specific and 3 in Biotechnology and 17 in
Cyber/IT

e 4,761 Participants — 1,979 Credentials
Awarded — 2,843 Gained Skills
Maryland Apprenticeship and Training Program

Registered Apprenticeship Labor e 258 Programs — 27 Manufacturing
Programs Specific

e 102 Manufacturers
Youth Apprenticeship Programs Labor e 260 Employers — 34 Manufacturers

Source: JFI Analysis of MD Commerce and MD Labor Data

7 In addition to the thirteen key loan/grant, tax credit/exemption and workforce programs described above the
Maryland Energy Administration offers a number of programs, most importantly the Commercial, Industrial and
Agricultural Energy Efficiency Program; the Jane E. Lawton Loan Program; the Combined Heat and Power Program;
and the Offshore Wind Business Development Program that assist the Maryland manufacturing industry. Data were
unavailable on the number of manufacturing firms utilizing these programs.
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Manufacturing Workforce Development Demand, Supply and Gaps

Analysis

In order to inform the Workgroup discussions on the three specific focus areas related to
workforce development, the JFI conducted a workforce development demand, supply and gaps
analysis for the manufacturing sector using data from Lightcast and various federal and state data
sources.

Maryland Manufacturing Workforce Demand Analysis

The first step in conducting an industry workforce development study is to assess the levels of
occupational workforce workforce demand in the areas of employment trends, job postings and
job openings.

Manufacturing Employment By Occupation, Education and Skills

Manufacturing 4.0 is already changing the face of Maryland manufacturing and the sector is
projected to experience growth across all skills levels over the next ten years. The technological
changes embodied in Manufacturing 4.0 are already changing manufacturing in Maryland.
Between 2016 and 2021, nearly all of the job gains in the Maryland manufacturing sector were
higher skill, more technologically advanced jobs, and the number of production and middle skill
jobs actually fell during this period. These declines in middle skill and production worker
employment occurred despite 14 % growth in real manufacturing output, with real output per
manufacturing worker increasing. The Maryland manufacturing sector is projected to continue to
grow over the next ten years as a result of re-shoring production to domestic locations, with the
sector projected to create both higher skilled professional as well as middle skill production jobs in
Maryland.

The JFI first analyzed patterns of Maryland manufacturing employment (described above) by level
summary level of occupation (2 digit SOC) and then analyzed patterns of occupational
employment by required educational and skills level. Based on the educational and job training
requirements of these occupations, employment was further divided into high, middle and lower
skilled occupations by the JFI. There is no generally accepted methodology for defining jobs by
skills level. For this analysis, the JFl developed an estimate of High, Middle and Low Skill jobs by
analyzing patterns of detailed SOC employment based on required occupational educational and
on-the-job training requirements based on the following criteria:

e High Skill jobs require a Bachelor’s Degree or above;

e Middle Skill jobs include jobs that require more than a High School Diploma but less than a
Bachelor’s Degree and jobs requiring a High School Diploma or Less but also requiring
Moderate or Long-term On-the-Job (OTJ) Training or an Apprenticeship; and

e Low Skill jobs include requiring a High School Diploma or Less and either Short-term or no
On-the-Job (OTJ) Training.
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The key findings of these analyses are as follows:

e The transition to the higher technologically intensive job requirements of the MIT Work of
the Future report and by the adoption of Manufacturing 4.0 described above are evident in
changes in manufacturing employment and the occupational level. As presented in Figure
7 and Table 12, the strong growth in Maryland manufacturing employment over the past
five years (2016-21) was driven nearly entirely by growth in technologically intensive
management, business, IT, engineering, sciences and related professional occupations, and
the employment of production, transportation, and materials moving occupations actually
fell despite strong sector growth.

e However, as a result of expected national manufacturing employment growth driven by
both re-shoring production from overseas and growth in technologically advanced product
manufacturing, Maryland is projected to experience strong growth in manufacturing
employment over the next 10 years and is expected to reverse this trend, with the
manufacturing sector projected to gain 6,015 Professional and Technical jobs and 5,766 of
Production, Transportation, and Materials Moving jobs through 2031. Given current
shortages, finding these workers may be difficult.

e Job growth over the past five years has favored high skill Occupations (requiring a
Bachelor’s and above; however, the manufacturing sector is projected to gain 6,144 middle
skill jobs (jobs requiring significant on the job training, apprenticeship training, or an
associate’s degree/some college over the next ten years -Figure 8 and Table 13);

o The manufacturing sectors employment of workers with a Bachelor’s Degree or
above is projected to grow by 18% through 2031, with even stronger growth for
workers with advanced (Master’s or Doctorate) degrees;

o Middle skill jobs are projected to increase by 13% and 6,144 through 2031.

Figure 7: Manufacturing Change in Employment By Summary Occupation
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Figure 8: Manufacturing Change in Employment By Skill Level
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Table 12: Manufacturing Sector Employment and Change, by Summary Occupation - 2016, 2021

and 2031
Change 2021-
Employment Change 2016-21 31
Occupation 2021 2031 %
Total 103,662 108,883 123,091 5,222 5% 14,208 13%
Management Occupations 7,894 8,694 10,000 800 10% 1,306 15%

Business and Financial Operations

. 5,196 6,720 7,825 1,525 29% 1,104 16%
Occupations
Computer and Mathematical 4008 5152 6,148 1,144  29% 996 19%
Occupations
. Enei .
Architecture and Engineering 8,507 9,319 11,164 812  10% 1,845 20%
Occupations
Li . . .
|fe,Phy§|cal,andSouaISuence 2,642 3,195 3,872 cc3 1% 677 21%
Occupations
Community and Social Service 0 0 0 . . om .

Occupations
Legal Occupations 56 58 75 2 3% 17 30%
Educational Instruction and

. . 0 0 <10 n.a. n.a. n.m. n.m.
Library Occupations
Arts, Design, Entertainment, 944 1,159 1,197 214 23% 38 3%
Sports, and Media Occupations
Healthcare Practltlioners and 66 109 139 43 65% 31 28%
Technical Occupations
Healthcare Support Occupations <10 27 30 n.a. n.a. 3 12%
Protective Service Occupations 115 99 114 (16) (14%) 14 14%
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Change 2021-

Employment Change 2016-21 31

Occupation 2021 2031 # # %
Food Preparation and Serving 625 1,820 2,098 1,195  191% 278 15%
Related Occupations

Bmldmg and Grounds CIea.nlng 546 607 706 61 11% 99  16%
and Maintenance Occupations

Personal Care and Service 16 <10 <10 n.m. n.m. n.m. n.m.

Occupations
Sales and Related Occupations 4,018 4,561 4,991 543 14% 431 9%
Office and Administrative Support

. 10,359 10,425 10,633 66 1% 208 2%
Occupations
F i Fishi F
arming, Fishing, and Forestry 228 440 476 212 93% 36 8%
Occupations
Construc.t|on and Extraction 1165 1223 1,433 cg 5% 210 17%
Occupations
Installation, Maintenance, and 4,793 5145 6,293 352 7% 1147  22%

Repair Occupations
Production Occupations 42,687 40,999 45,507 (1,688) (4%) 4,508 11%
Transportation and Material

7 132 1 4 79 1,2 149
Moving Occupations 9,796 9,13 0,330 (664) (7%) 258 %
Military-only occupations 0 0 0 n.m. n.m. n.m. n.m.
Unclassified Occupation 0 0 0 n.m. n.m. n.m. n.m.

Source: JFl analysis of Lightcast Data

Table 13: Manufacturing Sector Employment and Change, By Education Requirements, Selected
OTJ Training Requirements, and Skill Level - 2016, 2021 and 2031

Change 2016-  Change 2021-

Employment 21 31
Education/Training/Skill Level 2021 2026 # % %
Total! 103,209 108,407 122,660 5,198 5% 14,252 13%
High Skill Jobs? 26,648 31,340 37,057 4,692 18% 5717 18%
Middle Skill Jobs? 49,862 48,727 54,871 (1,135) (2%) 6,144 13%
Low Skill Jobs* 26,700 28,341 30,732 1,641 6% 2,391 8%
Total 103,209 108,407 122,660 5,198 14,252 14,252 13%
Not Applicable 0 0 0 n.m. n.m. n.m. n.m.
No formal educational credential 12,132 13,803 15,433 1,671 1,630 1,630 12%
No OTJ Training Requirement 0 0 0 n.m. n.m. n.m. n.m.
Short-term on-the-job training 9,889 11,603 12,975 1,713 1,372 1,372 12%
Moderate-term on-the-job
training 1,300 1,558 1,709 258 152 152 10%
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Change 2016-  Change 2021-
Employment 31
Education/Training/Skill Level 2021 2026 % # %
Long-term on-the-job training 942 643 748 (300) 106 106 16%
High school diploma or equivalent 57,418 56,639 62,843 (778) 6,204 6,204 11%
No OTJ Training Requirement 6,692 6,544 7,324 (147) 780 780 12%
Short-term on-the-job training 10,118 10,194 10,432 76 239 239 2%
Moderate-term on-the-job
training 35,515 35,087 38,977 (428) 3,890 3,890 11%
Long-term on-the-job training 4,232 4,012 5,157 (220) 1,145 1,145 29%
Apprenticeship 861 803 952 (58) 150 150 19%
Postsecondary non-degree award 2,750 2,280 2,522 (470) 242 242 11%
Some college, no degree 1,211 1,200 1,262 (12) 63 63 5%
Associate's degree 3,050 3,145 3,542 95 397 397 13%
Bachelor's degree 26,108 30,685 36,242 4,576 5,558 5,558 18%
Master's degree 113 100 135 (13) 34 34 34%
Doctoral or professional degree 426 555 680 129 125 125 23%
(1) Does not sum to total jobs because of unallocated employment and for Occupations for which data are not available.
(2) Occupations requiring a Bachelors or Above.
(3) Occupations requiring more than a High School Diploma but less than a Bachelors Degree and Jobs requiring a
High School Diploma or Less but also requiring Moderate or Long-term OTJ Training or an Apprenticeship
(4) Occupations requiring a High School Diploma or Less.

Source: JFl analysis of Lightcast Data

Maryland Job Postings and Openings

The Maryland manufacturing sector needs workers. In order to assess the employment and
occupational demands or the manufacturing sector, it is also important to analyze current levels of
job openings and postings in addition to historical and projected changes in employment. The JFI
analyzed data from both the Maryland Department of Labor’s Maryland Workforce Exchange and
Lightcast. Based on data from the Maryland Workforce Exchange, the Maryland manufacturing
sector is experiencing a strong level of workforce demand as measured by job openings!®. As of
August 24, 2022, the manufacturing sector accounted for a total of 14,052 of all job openings in
Maryland, or 8% of total job openings. Because manufacturing accounts for only 4% of Maryland
employment, this high share of openings — more than twice the sector’s share of employment, is
indicative of the strong demand for labor in the industry (Table 14). Using Lightcast data on total
job postings, manufacturing job postings of 14,153 in June of 2022 are well above pre-pandemic
levels and since the pandemic, the recovery in manufacturing job postings has outpaced the
overall Maryland economy. In contrast, job openings in the professional services sector, the key
driver of the Maryland economy, remain well below pre-pandemic levels (Figure 9).

18 The MWE defines job openings as job openings on line. With the Lightcast data (below) these are called job
openings and differ from
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Table 14: Maryland Job Openings, August 24, 2022 (Maryland Workforce Exchange)
% of
Industry Job Openings Total
Total Postings 175,004 100%
Health Care and Social Assistance 35,284 20%
Professional, Scientific, and Technical Services 27,397 16%
Manufacturing 14,052 8%
Retail Trade 10,156 6%
Educational Services 9,796 6%
Accommodation and Food Services 6,224 4%
Administrative and Support and Waste 4,425 3%
Wholesale Trade 3,138 2%
Other Services (except Public Administration) 2,757 2%
Finance and Insurance 2,603 1%
Construction 2,448 1%
Public Administration 2,396 1%
Information 1,990 1%
Transportation and Warehousing 1,544 1%
Real Estate and Rental and Leasing 1,390 1%
Arts, Entertainment, and Recreation 1,153 1%
Management of Companies and Enterprises 369 0%
Utilities 269 0%
Agriculture, Forestry, Fishing and Hunting 187 0%
Government 132 0%
Mining, Quarrying, and Oil and Gas Extraction 111 0%
Local Government, Exc. Education & Hosp. 10 0%
Unclassified establishments 47,173 27%

Source: MDOL Maryland Workforce Exchange
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Figure 9: Job Postings for Maryland By Selected Sector
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Manufacturing Specialized Skills Requirements

The Lightcast data on job postings also allows for analyses of data on the specific skills
requirements of the online job postings data, with it possible to analyze skills requirements by
occupation and other variables. The JFl analyzed the in-demand skills for manufacturing job
postings over the first six months of 2022 both for the total manufacturing sector (all
manufacturing job postings) as well as for three summary occupations: Professional Occupations
(SOC 11-19); Production Occupations (SCO 51); and Transportation and Materials Moving
Occupations (SOC 52); which combined account for 73% of all jobs in the manufacturing sector.
Based on this analysis:

e The impacts of Manufacturing 4.0 on the skills requirements for the manufacturing sector
are clear, information technology dominate the overall skills requirements of the sectors
job postings (8 of the top 20 specialized skills) as do automation, process improvement and
related managerial skills;

e Similarly, the most in-demand skills for Professional Occupations jobs openings in
manufacturing are focused on information technologies, automation and managerial skills
(Table 15a); and

e The most in-demand skills for manufacturing job postings for Production Workers remain
focused on traditional production oriented skills (Table 15b).
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Table 15a: Selected Skills for 2022(January-June) Manufacturing Job Postings, By Selected Occupation
Skills Mentioned in Job Postings for Professional Occupations in

Skills Mentioned in Job Postings for All Occupations in Manufacturing Manufacturing(e.g., management, scientists, programmers)
Number of Postings % of Postings Number of Postings % of Postings
Mentioning This Skill Mentioning This Skill [Skill Mentioning This Skill Mentioning This Skill
Pharmaceuticals 3,182 8% Computer Science 3,030 14%
Computer Science 3,179 8% Systems Engineering 2,625 12%
Marketing 3,067 8% Agile Methodology 2,487 11%
Auditing 2,959 8% Pharmaceuticals 2,435 11%
Systems Engineering 2,736 7% Auditing 2,165 10%
Agile Methodology 2,733 7% Data Analysis 2,100 10%
Good Manufacturing Practices 2,546 7% Python (Programming 2,066 9%
Language)
New Product Development 2,481 7% Software Engineering 2,045 9%
Data Analysis 2,474 7% Marketing 1,987 9%
SAP Applications 2,396 6% New Product Development 1,974 9%
Warehousing 2,331 6% Automation 1,878 9%
Automation 2,260 6% Software Development 1,850 8%
Process Improvement 2,211 6% Project Management 1,766 8%
Python (Programming 2,131 6% Process Improvement 1,668 8%
Language)
Cor'rect|ve And Preventive 2111 6% Linux 1650 7%
Action (CAPA)
Software Engineering 2,103 6% Finance 1,620 7%
Finance 2,074 5% SAP Applications 1,605 7%
Supply Chain 2018 % Cor.rective And Preventive 1585 7%
Action (CAPA)
Selling Techniques 1,968 5% Good Manufacturing Practices 1,515 7%
Project Management 1,959 5% Supply Chain 1,507 7%

Source: JFI Analysis of Lightcast Data
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Skills Mentioned in Job Postings for Production Occupations in

Manufacturing
Number of Postings
Mentioning This Skill

Good Manufacturing Practices 432
Machinery 272
Machine Operation 261
Housekeeping 224
Standard Operating Procedure 217
Corrective And Preventive 192
Action (CAPA)

Warehousing 179
Hand Tools 176
Machining 173
Micrometer 167
Auditing 164
Manufacturing Processes 163
Pharmaceuticals 156
Food Safety And Sanitation 145
Production Line 145
Forklift Truck 125
Tooling 122
Milling 116
Biology 115
SAP Applications 108

Table 15b: Selected Skills for 2022 (January-June) Manufacturing Job Postings, By Selected Occupation

Skills Mentioned in Job Postings for Transportation and Materials Moving
Occupations in Manufacturing

% of Postings
Mentioning This Skill|Skill
20% Warehousing
12% Forklift Truck
12% Palletizing
10% Pallet Jacks
10% Merchandising

9% Forklift Operation

8% Housekeeping

8% Material Handling Equipment

8% Inventory Control

8% Invoicing

7% Cycle Counting

7% Customer Support

7% Truck Driving

7% Shipping And Receiving

7% SAP Applications

6% Pre-Trip And Post-Trip Vehicle
Inspections

6% Machinery

5% Inventory Management

5% Selling Techniques

5% Good Manufacturing Practices

Number of Postings
Mentioning This Skill
827

480

327

248

225

211

191
177
145
145
144
138
134
131
127

125

121
119
118

98

% of Postings
Mentioning This Skill
44%

25%

17%

13%

12%

11%

10%
9%
8%
8%
8%
7%
7%
7%
7%
7%
6%
6%
6%
5%

Source: JFI Analysis of Lightcast Data
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Maryland Manufacturing Job Openings
A different way to look at workforce and occupational demand for the manufacturing sector is
to look at the estimated level of annual job openings. According to the U.S. Bureau of Labor
Statistics, occupational openings are the projected number of openings (positions) for workers
entering the occupation. The openings are defined as the sum of net occupational employment
change and occupational separations. Workers who change jobs within an occupation do not
generate openings since there is no net change in openings from this movement.*® Total
openings is the combination of occupational job growth (new jobs created by industry growth)
plus replacement demand or jobs that will need to be filled by new hires due to existing
workers leaving the occupation. Using data from Lightcast the JFI estimated that the Maryland
manufacturing sector will have a total of 12,428 estimated job openings each year over the next
ten years, 4% of the total of 331,804 annual job openings in Maryland, with:

e 2,757 annual openings in Professional Services occupations;
4,996 annual opening in Production Occupations;

Table 15: Employment and Estimated Annual Average 10 Year Openings - Maryland Total and
Manufacturing

1,253 annual openings in Transportation and Material Moving Occupations; and
1,151 annual openings in Office and Administrative Support Occupations.

SOC Description Total Manufacturing 2o E]

Total
Total 331,804 12,428 4%
11-0000 Management Occupations 17,888 789 4%
13-0000 Business and Financial Operations Occupations 20,490 686 3%
15-0000 Computer and Mathematical Occupations 13,401 462 3%
17-0000 Architecture and Engineering Occupations 4,928 821 17%
19-0000 Life, Physical, and Social Science Occupations 5,131 362 7%
21-0000 Community and Social Service Occupations 6,701 0 0%
23-0000 Legal Occupations 1,849 5 0%
25-0000 Educational Instruction and Library 18,391 0 0%
27-0000 Arts, Design, Entertainment, Sports, and Media 4,046 105 3%
29-0000 Healthcare Practitioners and Technical 12,040 7 0%
31-0000 Healthcare Support Occupations 15,293 2 0%
33-0000 Protective Service Occupations 9,920 13 0%
35-0000 Food Preparation and Serving Related 37,785 342 1%
37-0000 Building and Grounds Cleaning and Maintenance 12,620 89 1%
39-0000 Personal Care and Service Occupations 11,189 0 0%
41-0000 Sales and Related Occupations 32,856 574 2%
43-0000 Office and Administrative Support Occupations 37,956 1,151 3%
45-0000 Farming, Fishing, and Forestry Occupations 1,507 69 5%
47-0000 Construction and Extraction Occupations 12,386 133 1%
49-0000 Installation, Maintenance, and Repair 11,243 570 5%
51-0000 Production Occupations 9,672 4,996 52%

19 https://www.bls.gov/emp/documentation/definitions.htm
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Description Total Manufacturing
53-0000 Transportation and Material Moving 31,359 1,253 4%
55-0000 Military-only occupations 3,152 0 0%

Source: JFI Analysis of Lightcast Data

Using this Lightcast data, the JFl analyzed patterns of occupational demand by summary
occupation, education level, and skills, with the following results:

Annual job openings in the manufacturing sector are concentrated in high skill
Management, Business Sciences and Arts Occupations (3,236 openings and 26% of all
manufacturing openings and mostly middle skill Production (4,996 openings and 40%)
and Transportation and materials Moving Occupations (1,253 openings and 10%).
Combined these three occupational groupings account for more than three quarters of
manufacturing sector job openings (Figure 9);

Most manufacturing job openings do not require a college education, with 8,736 job
openings, 70% of the total number of openings requiring either a high school diploma or
having no formal educational requirement (Figure 10);

While most manufacturing job openings do not require more than a high school degree
they are not low skill jobs, with most job openings 5,800 (47%) classified as middle skill
jobs requiring either significant on the job training, an apprenticeship, or an associate’s
degree/some college (Figure 11).

Figure 9: Estimated Annual Manufacturing Openings, By Summary Occupation Level
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Figure 10: Estimated Annual Manufacturing Openings, By Minimum Educational
Requirements
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Figure 11: Estimated Annual Manufacturing Openings, By Skill Level
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Maryland Manufacturing Workforce Supply Analysis

In order to assess the capacity of Maryland’s existing resident workforce and workforce
development system/talent pipeline to meet the needs of the manufacturing sector, the JFI also
analyzed both the composition of the Maryland workforce and the supply of talent in terms of
graduates/completers from key education and training providers.

Maryland’s Resident Workforce

The JFl analyzed the composition of the Maryland resident workforce using Occupational
Location Quotients (LQ). As described above, a LQ measures the composition of the Maryland
workforce as compared to the national average, with a LQ of 1 equaling the national average.
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Maryland has a high concentration (LQ above 1) of workers in the Management, Business and
financial, Computer and mathematical occupations, Architecture and engineering and Life,
physical, and social science occupations but a low concentration of workers in Production
occupations (LQ .49 — signifying a concentration of workers less than half the national average

(Table 17)

Table 17: Maryland Resident Workforce

Description

Total

Management occupations

Business and financial operations occupations
Computer and mathematical occupations
Architecture and engineering occupations

Life, physical, and social science occupations
Community and social service occupations

Legal occupations

Educational instruction, and library occupations
Arts, design, entertainment, sports, and media
occupations

Healthcare practitioners and technical occupations
Healthcare support occupations

Protective service occupations

Food preparation and serving related occupations
Building and grounds cleaning and maintenance
occupations

Personal care and service occupations

Sales and related occupations

Office and administrative support occupations
Farming, fishing, and forestry occupations
Construction and extraction occupations
Installation, maintenance, and repair occupations
Production occupations

Transportation occupations

Material moving occupations

Resident % of
Workers Total
3,098,870 100%
369,280 12%
213,589 7%
181,556 6%
69,218 2%
67,976 2%
59,721 2%
55,141 2%
206,917 7%
69,843 2%
194,896 6%
85,638 3%
90,332 3%
157,338 5%
111,614 4%
87,325 3%
245,820 8%
309,648 10%
5,395 0%
151,103 5%
85,254 3%
85,569 3%
115,772 4%
79,925 3%

Occ.

LQ
1.00
1.11
1.28
1.78
1.08
2.09
1.07
1.57
1.08

1.10

1.02
0.82
1.34
0.89

0.97

1.02
0.81
0.94
0.28
0.95
0.90
0.49
0.95
0.70

Source: U.S. Bureau of the Census - ACS
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Maryland’s Manufacturing Workforce
The JFI also analyzed the demographic composition of the Maryland manufacturing workforce
using data from the U.S. Bureau of the Census American Community Survey.?® Based on this
analysis, the Maryland manufacturing workforce is:
e Overwhelmingly male (68% versus 50% for non-manufacturing workers)
e Diverse but predominately (68%) white;
e Less educated with 39% of manufacturing workers having a high school diploma or less
compared to 30% of non-manufacturing workers;
e Older, with 30% of manufacturing workers older than 55 compared to 25% of non-
manufacturing workers; and
e Employed Across a Spectrum of Occupations with both a high concentration of workers
in higher skilled Management, Business, and Financial and Computer, Engineering, and
Science Occupations (40%) and much higher share of workers in production occupations
(28% - Table 18).

Table 18: Workforce Demographic Characteristics Manufacturing and Non-Manufacturing —
Demographics

Non-
Item Manufacturing Manufacturing
Demographics
Male 68% 50%
Female 32% 50%
White alone 68% 55%
Black or African American alone 21% 30%
Hispanic 7% 11%
Average Wage and Salary Income $81,773 $67,382
Educational Attainment
Less Than High School 6% 8%
High School Graduate 33% 22%
Some College 16% 19%
Associate Degree 6% 7%
Bachelor's Degree 24% 24%
Graduate or Professional Degree 15% 20%
Age
<24 7% 11%
25-34 18% 21%
35-54 45% 42%
55+ 30% 25%
Occupational Employment

20 Because of the Covid Pandemic the 2020 ACS was not released with full data and the data analyzed were for
2019.
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Manufacturing Manufacturing
Management, Business, and Financial
Occupations 23% 19%
Computer, Engineering, and Science
Occupations 17% 10%
Education, Legal, Community Service,
Arts, and Media Occupations 2% 13%
Healthcare Practitioners and Technical
Occupations 0% 7%
Healthcare Support Occupations 0% 3%
Service Occupations 2% 15%
Sales and Related Occupations 6% 8%
Office and Administrative Support
Occupations 9% 10%
Farming, Fishing, and Forestry
Occupations 0% 0%
Construction and Extraction Occupations 1% 5%
Installation, Maintenance, and Repair
Occupations 4% 3%
Production Occupations 28% 2%
Transportation and Material Moving
Occupations 8% 6%

Source: U.S. Bureau of the Census - ACS PUMS

The three key implications of this analysis of Maryland’s resident workforce are that:

1. Because Maryland has a low concentration of resident manufacturing/production workers and
the manufacturing workforce is aging, creating a pipeline of trained and skilled manufacturing
to meet the projected workforce needs of the sector will be critical;

2. Because the Maryland manufacturing workforce is less diverse than the non-manufacturing
workforce, opportunities to attract women, African Americans and Hispanics into the industry
is both critical and an opportunity to meet future industry workforce needs; and

3. As aresult, expanding Maryland’s training infrastructure, especially for production and
transportation and materials moving occupations, which are already in short supply, will be
even more important.

Maryland’s Manufacturing Talent Pipeline

As discussed above, investing in Maryland’s workforce training infrastructure to meet the
projected workforce needs of the manufacturing sector will be critical to support both the
current needs and projected growth of the industry. In order to assess how Maryland’s current
workforce development system and talent pipeline is meeting the needs of the manufacturing
sector, the JFl analyzed patterns of enrollment and degree/completions in key training
programs using state and Lightcast data. The key results of this analysis are as follows:
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Maryland has only limited Career and Technical Education (CTE) enrollment in key
manufacturing related programs.

o Only 10% of high school CTE and 3% of Community College CTE enrollment is in
Manufacturing, Engineering and Technology (MET) programs;

o Based on Workgroup discussions, only a small number of these students are in
manufacturing specific programs;

o There are lower levels of African American and Hispanic enrollment in MET CTE
programs;

o There is a higher level of CTE enrollment (19% in High schools and 10% in
Community Colleges) in Manufacturing 4.0 enabling Information Technology (IT)
programs (Table 19);

Maryland Community Colleges play an important role in Maryland’s workforce
development system with 38,052 Students enrolled in 175 licensure and certification
courses; 59,557 students representing over 600 business, associations, and agencies
participated in contract training in order to gain the technical or essential skills needed
for continued success in the workplace; and 27,561 students enrolled in basic skills and
literacy courses. Despite this important role, Community Colleges have only limited
generation of certificates for manufacturing careers, according to the Maryland
Community Colleges Workforce Training Reports Fiscal Year 2020 report only a small
number of community college certificates were in manufacturing related programs
(Table 20);

Analyzing Lightcast data on degree completions from Maryland educational program,
the State’s workforce development system:

o Generates a large number of graduates/completers in key manufacturing related
Computer and Information Sciences and Support Services programs, 9,962
degrees and certificates; Engineering programs, 4,364; Biological and Biomedical
Sciences programs, 3,490, and Business, Management, Marketing, and Related
Support Services programs, 14,806 (Table 21); but

o Generates a far smaller number of graduates/completers in key manufacturing
related Science Technologies/ Technicians programs, 155 degrees and
certificates; Precision Production, 40; and Transportation and Materials Moving
programs, 505 (Table 22).
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Table 19: CTE Participant Enroliment

Community
High School Colleges

#  %of # % of
Program Enrolled Total Enrolled Total
Total 122,519 100% 48,588 100%
Information Technology (IT) 23,301 19% 4,641 10%
Human Resource Services (HRS) 22,300 18% 6,802 14%
Business Management and Finance
(BMF) 16,981  14% 9,841  20%

Consumer Services, Hospitality, and 0 o
Tourism (CSHT) 11,806 10% 1,440 3%

Health and Biosciences (HB) 10,618 9% 18,941 39%
Career Research and Development 9,128 7% 15 0%
(CRD)

Construction and Development (CD) 5,958 5% 1,361 3%

Environmental, Agricultural, and

Natural Resources (EANR)

Arts, Media, and Communication

(AMC)

Transportation Technologies (TT) 2,721 2% 863 2%
Source: https://www.mdctedata.org/dashboards/enroliment.php

3,822 3% 589 1%

3,708 3% 2,674 6%

Table 20: Maryland Workforce Training Certificate Programs by Industry and Program
Classification

Mfg.

Industry Total Specific

Completions Completions
Total 11,470 160
Health Care 3,075
Trades, Communications and
Manufacturing 1,490 121
Business and Professional 1,397
Information Technology 1,172 39
Public Safety 999
Education 907
Culinary, Entertainment and Personal
Services 927
Transportation 723
Other 415

83



DocuSign Envelope ID: 25544505-8E6A-4337-AD96-59209293E4E4

Appendix A: Report on Transforming Manufacturing in a Digital Economy
L Authored by: Jacob France Institute

Recreational and Fitness Professionals 127

Animal and Plant Services 238
Source: Maryland Workforce Training Certificate Programs by Industry and Program
Classification with Completers from MCCACET Report 2020-2

Table 21: Certificate and Degree Generation in Selected Instructional Fields - Computer,
Engineering, Life Sciences and Business Fields

Total Degrees Associates Bachelor's Advanced
Program and Certificates Certificates Degree's Degrees Degrees
Total 32,622 2,279 3,475 16,104 10,764
Computer and Information 9,962 948 980 5,356 2,678
Sciences and Support Services
Engineering 4,364 85 331 2,326 1,622
Blc?loglcal and Biomedical 3,490 55 12 2298 1125
Sciences
Business, Management,
Marketing, and Related 14,806 1,191 2,152 6,124 5,339
Support Services

Source: Lightcast

Table 22: Certificate and Degree Generation in Selected Instructional Fields — Science
Technicians, Production and Transportation/Materials Moving Fields

Total Degrees Associates Bachelor's Advanced
Program and Certificates Certificates Degree's Degrees  Degrees
Total 700 327 154 16 3
Science Technologies/ Technicians 155 27 128 0 0
Precision Production 40 40 0 0 0
Tran:sportatlon and Materials 505 460 26 16 3
Moving

Source: Lightcast

Maryland Manufacturing Workforce Supply, Demand and Gap Analysis

There is a strong level of alignment between Maryland’s resident workforce and talent
pipeline and the workforce needs of the manufacturing sector for higher skilled professional
occupations but significant gaps exist for middle skill production workers. The final step in
assessing the alignment of Maryland’s workforce development system to the needs of the
manufacturing sector is to assess how the supply of labor in the form of Maryland’s resident
workforce and talent pipeline aligns with the manufacturing industry’s demand for labor. As
presented in Figure 12, Maryland has a large number of resident workers in higher skilled
Management, business and financial occupations, and Computer, engineering and science
occupations, but a very low share of resident workforce in high manufacturing sector demand
Production occupations. Similarly, as presented in Figure 13, Maryland colleges, universities,
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community colleges, and related education and training providers provide a strong pipeline of
talent in Management, business and financial occupations, Computer and mathematical
occupations, and Architecture and engineering occupations, with degree and certificate
generation far in excess of annual occupational demand from the manufacturing sector.
However, degree and certificate generation in areas related to both Production occupations
and Transportation and materials moving occupations falls far short of annual occupational
demand from the manufacturing sector.

Figure 12: Share of Maryland Resident Workforce and Manufacturing Jobs, By Selected

Occupation
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Figure 13: Maryland Workforce System Degree and Certificate Generation Compared to
Manufacturing Sector Job Opening, By Selected Occupation
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Selected National Manufacturing Workforce Development Program Examples

As described above and discussed in the Workgroup meetings, the Maryland manufacturing
sector has significant unmet workforce development needs. The manufacturing sector is
projected to create over 14,000 net new jobs over the next ten years and will need fill more
than 12,000 openings each year. The Maryland manufacturing sector is already facing
significant difficulty in finding a sufficient number of sufficiently educated, skilled and trained
workers to meet current labor market demand. The industry is already facing a shortage of
workers across nearly all levels of occupational needs, from engineers, to production workers,
to transportation and logistics workers. These workforce shortages are only expected to get
worse as the technological requirements for the workforce continue to change, driven by
Manufacturing 4.0 and other technology changes. In order to identify potential solutions to
both current and expected workforce shortages, the Working Group requested that the JFI
identify national programs put in place in other states and regions to meet the current and
changing needs of Maryland’s vital and growing manufacturing sector.?!

Increase the Pipeline of High School Students Interested in Manufacturing

Many Americans do not have have a positive impression of manufacturing jobs, especially in a
State like Maryland with a highly educated population and a public education system focused
on preparing students for college. This is changing, according to the Manufacturing Institute
and Deloitte, Competing for talent: Recasting perceptions of manufacturing: Manufacturers
continue to bridge the perception gap and enhance the workforce experience report, the %age
of respondents in a national survey who believe that US manufacturing jobs are creative,
innovative, and employ problem-solving skills has increased from 39% in 2017 to 64% in 2022
and the percentage of respondents who are likely to encourage their child (or other youth) to
pursue a career in manufacturing increased from 27% to 40%.22

One successful program identified by the JFl is the Alliance for Working Together (AWT). AWT
was started in 2002 as a small, informal group of manufacturers, who met to discuss topics of
interest and best practices among local manufacturers. Finding skilled workers was quickly
identified as one of the top challenges for our manufacturers. Promoting rewarding careers in
manufacturing became the core mission of the organization. In 2012, the AWT Foundation
became a 501-(c)3 non-profit. Since then, the AWT Foundation now has 500+ manufacturing
company, community organization, and school members. Selected programs include:
e Transformation Training Center - $3 Million 12,500 sq. ft. Training Facility that will offer
programs for K-12 students, pre-apprenticeships for high school students, and
apprenticeships for the unemployed and the employed.

21 For an excellent summary of manufacturing sector education and training issues see - Benchmarking Advanced
Manufacturing Education: A study from the MassBridge Workforce Education Program — parts of which are
summarized here. The link to the report is as follows https://mitili.mit.edu/research/advanced-manufacturing-
workforce-education-program-benchmarking-study.

22 https://www2.deloitte.com/us/en/pages/manufacturing/articles/public-perception-of-the-manufacturing-
industry.html.
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The Summer Manufacturing Institute is a collection of two week-long day camps. Each
camp connects Science, Technology, Engineering, and Mathematics (STEM) concepts to
local careers throughout Lake and Geauga Counties. Campers complete hands-on, STEM
projects to showcase to parents and local businesses.
Apprenticeships - AWT Foundation has placed more than 1,000+ students into
manufacturing careers.
o Exposed over 300 5th and 6th grade students to manufacturing careers in local
communities.
o Facilitated over 1,200 student, teacher, and parent tours of manufacturing
facilities.
o Trained 288 apprentices in the Northeast Ohio region.

Manufacturing Training in Community Colleges

Community Colleges play a critical role in the workforce development system serving as both a
source of educated, skilled and trained workers through certificate and degree programs and
playing a vitally important role in providing specialized training and opportunities for upgrading
the skills of both residents and incumbent workers. Three successful (of many) community
college manufacturing training efforts identified by the JFl include:

Trident Technical College in Charleston, South Carolina links high schools, a community
college and area companies. The program begins in a student’s junior year with morning
courses in high school that emphasize science and math, technical courses in the early
afternoon at the community college, and part-time work at an area company in later
afternoons during the school year and full time work during summers and holidays.
Wages generally start at around ten dollars an hour and increase as apprentices build
experience. Apprenticeships like this shift students out of a high school environment
and into a more mature context, studying with adults at the community college and
working with adults at their companies.

Ohio TechNet launched in 2014 as the result of a $15 million Trade Adjustment
Assistance Community College and Career Training (TAACCCT) grant made to Lorain
County Community College on behalf of a statewide consortium of 18 community
colleges and one university. This consortium works closely with multiple government
agencies, workforce and community partners. Ohio TechNet is helping to transform the
way in which higher education works with employers to better align training and
education with manufacturing workforce needs in Ohio. Ohio TechNet partners are
modeling or replicating innovative strategies that accelerate the readiness for workers
who are in transition to fill in-demand, skilled jobs in advanced manufacturing. To meet
state goals and industry needs, the colleges will focus on training in the high-need areas
of Welding, CNC/Machining, Industrial Maintenance, Digital Fabrication/Industrial
Automation, and Occupational Safety.

lvy Technical Community College System (lvy Tech) has career focused programs in
Healthcare, IT, Business and Advanced Manufacturing. The Advanced Manufacturing
degrees provide a well-rounded plan of study that prepares students for a broad range
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of technical positions within business and manufacturing. They offer elective focus areas
in: manufacturing design, production technology, mechatronics, digital and systems
integration, mechanical, electrical, and manufacturing operations. lvy Tech has also
used modules from the IGNITE curriculum, developed by LIFT and two other
manufacturing institutes. As a leading manufacturing state, Ivy Tech has manufacturing
labs with equipment at 22 campuses.

One barrier to community college manufacturing education and training is the cost and
availability of advanced manufacturing training equipment for students to train on. According
to the MassBridge Benchmarking Advanced Manufacturing Education: A study from the 2021
MassBridge Workforce Education Program report, “Community colleges experience challenges
in providing manufacturing students with enough hands-on time with up-to-date machinery.
Currently available equipment may be non-standard, sometimes outdated or under-
maintained. In other cases, it can be under-utilized because it is dedicated to specific programs
and not shared.” Connecticut has addressed this need by establishing four $25 million
advanced manufacturing technology equipment centers at four community colleges.

Curriculum Development

Training workers for manufacturing also requires the development of curriculum to guide
training programs. Workers need the hands-on, transferable skills industry needs required by
manufacturers. Curriculum development works best when developed in cooperation with the
employer community. There are several national efforts to develop a scalable manufacturing
curriculum, with two successful programs including:

e IGNITE: Mastering Manufacturing - IGNITE is a foundational skill development program
designed to stimulate student interest in today’s Advanced Manufacturing / Industry 4.0
careers. Students learn about the many careers and experience them firsthand by
performing tasks with hands-on Industry 4.0 / lloT technology and virtual environments.
IGNITE: Mastering Manufacturing was developed in collaboration with three
Manufacturing USA Institutes (LIFT, America Makes, and MxD) to ensure that students
interested in a rewarding career in modern industry can make an immediate
contribution in the workplace.

e MassBridge -- In 2020, the Commonwealth of Massachusetts was awarded a $3.2
million grant from the U.S. Department of Defense's Manufacturing Technology
Program (DoD ManTech) for a manufacturing technician training program that will serve
as a national model. This effort, named MassBridge, is being led by the Massachusetts
Center for Advanced Manufacturing along with a team of experts from MIT, industry,
community colleges, vocational high schools, and federal and state agencies. The goal of
the MassBridge project is to develop and test a well-connected, state-based training and
career pathway model - a “Bridge” for technicians that spans the gaps between the
Commonwealth of Massachusetts’ state-wide advanced manufacturing programs and
the needs of the Manufacturing USA Institutes. The curriculum will be deployed through
vocational and academic high schools and community colleges across Massachusetts,
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with connectivity to supporting universities (for those workers who want to continue
their education) to pull students along a pathway toward careers in Manufacturing USA
technologies.

Underrepresented Populations/Returning Citizens
As described above, the Maryland manufacturing workforce is mostly male, white and older
than the non-manufacturing workforce. Increasing the diversity of workers in the
manufacturing sector is a key potential strategy for meeting the workforce needs of the
manufacturing community. One identified best practice in this area is the ACCESS to
Manufacturing Careers program in Northeast Ohio. This program is targeted on attracting
underrepresented populations, including ex-offenders, into manufacturing. It targets ready,
motivated individuals who want to get into entry-level jobs in manufacturing that start them on
a path of learning, advancement, raises, and a great career! In this four-week program,
students learn both job readiness skills and technical competencies that are desired by the 20+
companies involved. Key program elements are as follows:
1. 4 week training

o Technical training

o Soft Skill/Work Readiness training

o Employer-led classes, presentations, etc.

o OJT check-list skills validation

o Starting Wages $13.5

2. Built on Employer Engagement

o ldentify open positions
Agree on minimum wage range
Commit to common hiring process
Commit to hiring timeline
Participate in Interview Day
Lend staff to create lesson plans, material, teach classes, create virtual plant
tours, do company showcases

o Attend periodic update meetings

3. Employer-Led and Philanthropically Funded

O 0O O O O

Integrated Manufacturing Workforce Development Training and Certificate Planning and
Implementation

Overall, workforce development systems work best when developed in an integrated fashion
between the workforce development system and the employer community. One national
example of integrated of manufacturing workforce education with the business community and
state MEP program is the Florida Advanced Technology Education (FLATE). FLATE is a National
Science Foundation Center of Excellence in high-technology manufacturing. It provides
manufacturing and advanced technical education, best practices and resources supporting the
high performance skilled workforce for Florida’s manufacturing sectors. FLATE provides
industry partnerships, workforce opportunity, and educational synergy throughout the state of
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Florida by connecting industry and workforce needs to targeted educational endeavors at many
community and state colleges across Florida. FLATE includes:

Network of community colleges; CareerSource Florida; workforce investment boards
and the Florida MEP;

Created an industry defined/endorsed Engineering Technology (ET) AS/AAS Degree
programs approved by FLDOE;

Built 31 curriculum frameworks for 20 certificates and 11 specializations of the degree
Grew the ET AS degree program from 3 to 24 of the 28 Florida colleges since 2007.
Submitted three articulated high school frameworks to FLDOE, which is now offered to
510 schools

Since 2007, tracked ET AS degree student enrollment in Florida has grown from 9 To
2,027 students in 2018-19

Awarded over $220,000 to ET degree awarding college partners for laboratory upgrades
Leveraged by partners to obtain over $80 million in state and local funding

Summary, Conclusion and Recommendations

The manufacturing sector is a core and growing driver of the Maryland economy. Technological
changes (Work of the Future and Manufacturing 4.0) are reshaping the competitive structure of
the sector and have the potential to support a manufacturing renaissance nationally and in
Maryland. Manufacturers in Maryland and across the nation are already facing a shortage of
skilled workers that is being amplified by technological changes that are increasing the skills
requirements of manufacturing jobs. The current and projected job growth and employment
needs of the Maryland manufacturing sector are not being fully met by Maryland’s successful
workforce development system. Other states are rising to these challenges through innovative,
well-funded efforts to support technology/Manufacturing 4.0 investments and increase the talent
pipeline for high wage, good jobs in manufacturing. Based on the JFI’s research, review of national
best practices, and work with the Workgroup, Maryland should consider targeted investments in
supporting the growth of manufacturing in Maryland, including the following:

1.

Create a Manufacturing Roadmap/Strategic Plan to Identify and Meet the Needs of
the Manufacturing Sector. The work of this legislatively mandated Workgroup and The
Maryland MEP’s The Future is Now, Realizing the Promise of Industry 4.0: A Strategic
Plan to Ensure a Competitive Future for Manufacturing in Maryland report is the
beginning of this process, but best practice states have engaged in more thorough,
industry-led, and comprehensive assessments. With the coming election and change in
administrations, this is a good time to initiate a comprehensive plan to grow
manufacturing in Maryland.

Expand Support for Manufacturing 4.0 Investments. Maryland’s $1 million Maryland
Manufacturing 4.0 Grant Program is a step in the right direction but is well below the
levels of investment support put in place by best practice states. In addition to this
investment support, Maryland needs to expand the support infrastructure for Maryland
manufacturers to make needed Manufacturing 4.0 investments, including:
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e Expanding technical assistance through the Maryland MEP to support
Manufacturing 4.0 investments; and

e Invest in and support a Maryland Manufacturing 4.0 Tech Demonstration and
Training Lab.

3. Deploy Targeted Investments in Manufacturing Focused Workforce Development.
Maryland’s extensive workforce development system is not well aligned to meet the
employment needs of Maryland’s manufacturing sector, especially for the skilled
production workers currently in short supply. More can be done to provide Maryland
residents with the education, skill, and training for well paying jobs in manufacturing,
including:

e Maryland is making significant investments in expanding its CTE programs under
the Kirwan Commission plan, and in expanding its apprenticeship programs.
Including targeted efforts to meet the needs of manufacturing sector in these
investments is an immediate opportunity to deploy existing resources to meet
manufacturing sector needs. These efforts can also be specifically targeted to
increase the pipeline of underrepresented populations for the sector;

e Expanding the pipeline of manufacturing workers through the State’s extensive
and successful community college training system through the development of
cooperatively developed, industry supported curriculum, certificate and training
programs; and

e Maryland lacks a university manufacturing engineering program. The state
should examine the development of a program, linked to key manufacturing
sectors within one of its university engineering programs. This would increase
both research and technical support and provide skilled engineers for the
manufacturing sector.

4. Explore the Development of an Advanced Manufacturing Center, such as those in
Connecticut and Massachusetts, to better align the research and technical capabilities of
Maryland leading higher education resources to support the technology needs of
Maryland’s advanced manufacturing industries.
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Appendix B — The Future is Now, Realizing the Promise of Industry 4.0
The Maryland Manufacturing Extension Partnership (MD MEP) commissioned a report titled
“The Future is Now, Realizing the Promise of Industry 4.0: A Strategic Plan to Ensure a
Competitive Future for Manufacturing in Maryland.” This report was used as supplemental
information for the Transforming Manufacturing in a Digital Economy Workgroup, and is

referenced throughout this report. It is attached as a separate document for background
information.
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