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A Letter from the 
American Jobs Project
It’s no secret that America’s middle class is in crisis; indeed, “the 
hollowing out of the middle class” has become a well-worn phrase, 
causing politicians to rail, bloggers to rage, and citizens to reel. 
Polls consistently reveal that jobs and the economy are at or near 
the top of citizen concerns.¹ Over the last few decades, the loss of 
middle-income jobs in America has been due largely to the global 
shift in manufacturing (“tradable jobs”) to emerging economies.² 
Of the millions of jobs lost during the recession, most were 
good-paying, middle-class jobs.³ Unfortunately, many of the jobs 
created during the recovery have been in low-skill, low-paying 
occupations.⁴ These trends are not going to reverse themselves. 
Leadership is needed, but the gridlocked U.S. Congress has failed 
in recent years to adopt robust policies to stoke middle-class jobs 
in America.

In President George W. Bush’s autobiography, Decision Points, 
the former president recounts a conversation he had with the 
then-President of China, Hu Jintao. “What keeps you up at night?” 
President Bush asked President Hu as an icebreaker. As we can 
easily guess, what kept President Bush up at night was worry 
about terrorism. Hu Jintao’s response was telling: what kept 
him up at night was “creating 25 million new jobs a year” for his 
people.⁵

Is it possible to create good-paying American jobs in today’s global 
economy? And what if the solutions did not involve Congress at  
all? What if there were creative middle-class job creation  
strategies being developed and tested in the laboratories of 
democracy—the states and cities? The American Jobs Project 
seeks to answer these questions and provide a research-based 
roadmap for action for state and local leaders who are kept up at 
night trying to figure out how to create jobs for the people they 
serve. 

Our quest starts with identifying the biggest market opportunity 
of our era: the global demand for advanced energy solutions. 
That demand—whether borne out of a need for diverse, reliable, 
and clean power or to achieve energy independence from 
unstable regimes—creates “the mother of all markets” for local 
U.S. businesses to build and sell those solutions.⁶ Strategically 
minded businesspeople looking at global growth projections in 
advanced energy demand are making major investments and 



reaping large revenues. In 2014, the private sector reported $1.3 
trillion in global advanced energy revenues, the fastest growing 
year on record.⁷ Advanced energy investments are now bigger 
than the global apparel sector and almost four times the size of 
the global semiconductor industry.⁸ And jobs? Up to 16.7 million 
jobs are projected to be in the global advanced energy sector 
by 2030, almost tripling the 5.7 million people employed in the 
sector in 2012.⁹ The question for the United States is: where will 
those new jobs be created?

The American Jobs Project is about finding ways to make our 
states the answer to this question. If countries across the globe, 
including the United States, are seeking technical products and 
solutions for our growing energy needs, how can U.S. businesses 
take advantage of this demand and build products locally that can 
be exported to the world? And how can we equip U.S. residents 
with the skills those businesses need to build their advanced 
energy products? 

It is true that the United States will not likely be able to attract 
back the traditional manufacturing jobs of the past; those jobs 
are gone—either to low-wage countries or to automation—and 
we have to accept the fact that they are not coming back.¹⁰ But our 
research shows that with innovative policies and a smart focus on 
industrial clusters, states can become hubs of innovation and job 
creation in specific advanced industries that soar with a state’s 
strengths.

The American Jobs Project gives policymakers the tools to create 
good-paying jobs in their states. We propose innovative solutions 
built upon extensive research and tailored to each state. Many 
are best practices, some are new, and all are centered upon a 
state’s business ecosystem. These solutions are written with an 
eye towards streamlining bureaucracy and are seasoned with the 
principles of competition, local control, and fewer regulations. 

If these recommendations are adopted, the beneficiaries will be 
those hard-working Americans looking for the dignity of a good-
paying job.
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About Us
American Jobs Project
The American Jobs Project is a national, interdisciplinary, 
research-based initiative. Our team includes nearly 100 student 
researchers with a broad range of expertise, including law, 
business, engineering, and public policy. We have ongoing 
relationships with hundreds of on-the-ground stakeholders and 
are actively collaborating with university partners and industry 
allies. 

Academic Partner: The Great Lakes 
Energy Institute at Case Western 
Reserve University
The Great Lakes Energy Institute (GLEI) at Case Western Reserve 
University (CWRU) empowers faculty, students, and partners to 
catalyze breakthroughs in energy sustainability that address the 
most pressing problems facing our world. GLEI directly supports 
faculty in energy research by promoting collaborations —
including industry and university partnerships—for the pursuit of 
winning major energy funding and educating students. Since the 
Institute’s inception, CWRU has quadrupled its level of energy-
related research. CWRU has more than ninety faculty focused 
on energy and sustainability research across all disciplines. 
GLEI’s focus research platforms include energy storage, future 
power, solar energy, wind energy, and sustainable natural gas 
exploration. In addition to research, GLEI plays an integral role 
in connecting faculty and assets at CWRU with the wider world, 
including hosting an energy Speaker Series, which brings together 
industry, academia, and government energy leaders. 
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Executive Summary
The American Jobs Project was borne of two tough problems: 
loss of middle-class jobs in America and congressional paralysis. 
It seeks to address these problems by taking advantage of one 
of the biggest market opportunities of our era—the advanced 
energy sector—and to do so at the state, not the federal, level. 
Policymakers who leverage the unique strategic advantages of 
their state to grow localized clusters of interconnected companies 
and institutions are poised to create quality jobs. 

Ohio is well-positioned to benefit from the growing demand 
for advanced energy given the state’s strengths in advanced 
manufacturing and engineering, leading universities and research 
facilities, and skilled labor force. Opportunities to leverage this 
momentum to further serve growing regional, national, and 
global markets offer real benefits for Ohio’s economy and good-
paying jobs for the state’s residents.

Extensive research and more than 100 interviews with local 
stakeholders and experts in Ohio have resulted in identifying 
two economic sectors that show particular promise: wind and 
additive manufacturing.

There are several barriers hindering Ohio’s advanced energy 
industries and preventing supply chains from reaching their full 
potential. Ohio must address these roadblocks to grow the state’s 
advanced energy sectors and realize economic gains. To take 
full advantage of these opportunities, Ohio’s policymakers can 
enact policies to increase demand for wind power and additive 
manufacturing technology and to help the state’s businesses 
grow, innovate, and outcompete regional, national, and global 
competitors. Indeed, with the right policies, Ohio can support as 
many as 26,000 total jobs annually between 2016 and 2030 in 
these two clusters.

This project serves as a research-based roadmap for state and 
local leaders who seek to develop smart policies focused on 
leveraging the state’s resources to create skilled, good-paying 
jobs. Concerted effort at the state and local levels can create 
an environment that attracts advanced energy businesses to 
take root in Ohio. Employees in the advanced energy sector will 
spend their earnings in the local economy at grocery stores and 
restaurants, and those local establishments will need to hire 
more employees to satisfy demand. This creates a multiplier 
effect throughout Ohio’s economy, where a single dollar spent 
in a community circulates through local businesses and their 
employees numerous times.
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Summary of Policy Recommendations
The analysis presented in this report culminates in four thematic 
sets of recommendations for Ohio’s leaders. Each set of 
recommendations identifies opportunities for barrier removal and 
future growth in the wind and additive manufacturing clusters. 
While the recommendations are intended to be complementary 
and would be powerful if adopted as a package, each can also be 
viewed as a stand-alone option.

Wind Energy
Encourage Foreign Direct Investment: Recruit foreign companies 
to Ohio in order to boost wind investments and fill gaps in the 
supply chain. 

Amend Setback Requirements to Allow Flexibility for Turbine 
Size: Modify current setback requirements to meet the needs of 
rapidly growing turbines and small-sized distributed turbines.

Create an Ohio Wind Credit: Stimulate wind investment by estab-
lishing a wind production credit.

Create an Anchor Company Tax Credit: Offer a tax credit to 
companies that successfully recruit other wind-related businesses 
and suppliers to Ohio. 

Establish a Port Retooling Strategy and Infrastructure Funds: 
Upgrade the Port of Cleveland for offshore wind activity through 
a public-private funding mechanism or a revolving loan program.

Additive Manufacturing
Encourage Foreign Direct Investment: Recruit foreign additive 
manufacturers to Ohio in order to boost investment and fill gaps 
in the supply chain.

Capitalize on Digital Manufacturing Innovation to Drive Job 
Creation: Promote advances in manufacturing technology by 
assisting companies with corresponding workforce training and 
technical support. 

Connect Small Businesses to Research Institutions Through an 
Innovation Voucher Program: Encourage 3D printing adoption by 
allowing small businesses to use a voucher program to pay for 
equipment and consulting services from industry experts and 
local research institutions.
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Establish an Additive Manufacturing Factory Retooling Program: 
Encourage in-state manufacturing of 3D printing machines, 
materials, and services by providing capital for retooling factories, 
purchasing equipment, and building facilities. 

Minimize Manufacturing Waste: Reduce manufacturing waste in 
Ohio by providing incentives for waste-minimizing technologies 
or mandating a waste reduction target for the manufacturing 
sector. 

Create a Manufacturing Technology Council: Form a council that 
unites Ohio’s additive manufacturers, advises state leaders on 
polices, and helps the state remain competitive in national and 
global markets.

Innovation Ecosystem and Access to Capital
Create an Intrastate Securities Exemption for Equity 
Crowdfunding: Spur innovation, economic activity, and small 
business growth by creating an intrastate securities exemption 
for equity crowdfunding. The exemption will expand the pool of 
investors that could finance Ohio startups.

Establish an Early-Stage Capital Gains Tax Exemption: Increase 
the flow of venture capital and incentivize investors by establishing 
a capital gains tax exemption for investments in early-stage Ohio 
companies.

Workforce Development
Develop Regional Strategies for Allocating Training Programs 
and Ensure Community College Participation in Southeastern 
Ohio: Work with business, industry, and research institutions to 
align training strategies with employer needs and geographic 
conditions. Encourage Ohio community colleges to contribute by 
tailoring relevant degree programs to provide students with the 
necessary skills to support local manufacturers. 

Expand Apprenticeship Programs to Support and Foster Career 
Pathways: Provide tax incentives and additional support to 
companies that hire and train apprentices. Further expand 
apprenticeship opportunities by linking work hours to school 
credits and certifications. Enhancing apprenticeship opportunities 
will help meet employer demand for trained workers and prepare 
Ohioans for jobs in advanced energy sectors.

Enable Dislocated Veterans to Return to Work: Leverage Ohio’s 
well-trained veteran workforce by designing a program that 
allows them to continue their education and connects them with 
employers in need of their technical expertise.
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3D printer
Photo Credit. Creative Tools / Foter / CC BY

Drawing a wind turbine up for placement 
Photo Credit. Dennis Schroeder / NREL
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Chapter 1: Introduction
The American Jobs Project aims to spur job creation in the 
advanced energy sector by identifying innovative and state-
specific policy and technology roadmaps. This national initiative 
takes advantage of the emerging global demand for advanced 
energy products and services. The American Jobs Project team 
analyzed the advanced energy economy in Ohio and designed 
recommendations specifically tailored to the state’s strengths. 
These recommendations are informed by extensive research and 
more than 100 interviews with local stakeholders and experts.

This report identifies opportunities to stimulate growth in two 
economic clusters in the advanced energy sector that leverage 
the state’s legacy industries, current investments, and entre-
preneurial business development activities. State and local leaders 
who seek to capitalize on the state’s existing resources to create 
skilled, good-paying jobs can use this report as a foundation for 
action.

Market Opportunity
Demand for advanced energy has soared in recent years and 
is poised for continued growth. Between 2004 and 2014, new 
investment in the advanced energy sector totaled over $2.3 
trillion worldwide.¹¹ In the United States alone, more than $386 
billion was invested in advanced energy between 2007 and 2014; 
2014 investments alone totaled $51.8 billion.¹² In nationwide polls, 
Americans increasingly support renewables over other forms of 
energy¹³ and demand for renewable energy is likely to continue 
to grow. States will need to significantly reduce pollution from 
power plants, which will make an even stronger case for advanced 
energy technology, renewable energy resources, and increased 
energy efficiency.¹⁴ Projections show that renewable energy will 
be the vast majority of new generation (69 percent to 74 percent) 
between now and 2030.¹⁵ These trends point to a clear market 
signal: demand for advanced energy will continue to grow over 
the next fifteen years.¹⁶ Ohio’s rich history of energy innovation 
prepares the state to take advantage of increased global demand 
in advanced energy.
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Ohio’s Energy Profile

Ohio’s energy sector is heavily reliant on coal and natural gas.¹⁷ 
The state ranks sixteenth nationwide in total energy production¹⁸ 
and ninth in electricity generation,¹⁹ due in part to the energy 
intensity of the state’s manufacturing-based economy.²⁰ Coal 
is currently responsible for over 67 percent of Ohio’s electricity 
production, while natural gas (18 percent) and nuclear energy 
(12 percent) make up the remainder.²¹ Due to new natural gas 
resources and fluctuations in coal prices, Ohio is increasing 
natural gas-fired electricity.²²

Despite being one of the top electricity generators in the country, 
Ohio’s local production does not meet statewide demand.²³ As 
a result, Ohio imports electricity from other states.²⁴ Ohio also 
relies on imports for other energy resources. For example, two-
thirds of the state’s coal supply is imported—largely from West 
Virginia, Wyoming, Kentucky, and Pennsylvania.²⁵

Renewable Energy Development
Since 2010, Ohio has seen a dramatic increase in its renewable 
energy installations, especially wind turbines. Ohio’s first wind 
farm was built in 2004 with four turbines generating about 7.2 
MW of power.²⁶ Since that first farm in Bowling Green, thirty-
two projects were brought online by 2014—three of which were 
utility-scale projects. Ohio has also expanded in-state solar and 
biomass energy production.²⁷ Many of these renewable energy 
expansions have been driven by effective state policy.

Coal

Natural Gas - Marketed

Crude Oil

Nuclear Electric Power

Biofuels

Other Renewable Energy

Ohio Energy Production Estimates, 2013

Source: U.S. Energy Information Administration, Ohio Profile Overview

51.4%

16.5%

14.2%

5.7%

6.7%
5.5%

Figure 1. Coal and natural gas make up two-thirds of Ohio’s energy production (Data 
Source: U.S. Energy Information Administration)
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In May 2008, the Ohio General Assembly unanimously passed 
S.B. 221 to restructure the electric industry. The law created the 
state’s Alternative Energy Portfolio Standard, which mandates 
utilities to procure 12.5 percent renewables by 2025, of which 
0.5 percent must be from solar energy and at least half must 
be generated in-state.²⁸ S.B. 221 also established a state Energy 
Efficiency Resource Standard (EERS), which requires a “gradual 
ramp up to a cumulative 22 percent reduction in electricity use 
by 2025.”²⁹ Other provisions in the bill included a “solar ready 
schools” program, which ensures new construction would be 
able to accommodate future solar installations.³⁰

The Governor’s 21st Century Energy and Economic Summit held 
in September 2011 resulted in an inclusive state energy policy 
resting on ten broad goals, including energy efficiency, alternative 
fuels, and renewables.³¹ Drawing from this statewide energy 
policy, the Ohio General Assembly passed S.B. 315, emphasizing 
the importance of supplying reliable, cost-effective energy in 
order to meet job growth demands.

In 2014, despite historical support from manufacturers for the 
renewable energy industry, Ohio was the first state to halt its 
planned ramp-up of renewable power deployment and energy 
efficiency requirements with the passage of S.B. 310. As mandated 
by S.B. 310, a twelve-person Energy Mandate Study Committee 
researched the impacts of this freeze on Ohio’s economy, later 
recommending an indefinite freeze.³² The Ohio Manufacturers 
Association and several large companies, including Honda, came 
out against S.B. 310 on the grounds that indefinitely postponing 
increases in required renewable power use hurts its bottom line, 
damages its image, and is bad for business overall.³³ 

S.B. 310 stifles an opportunity to fortify Ohio’s energy assets and 
bring revenue to the state. Over 14,000 Ohioans are employed in 
the renewable energy sector, but industry job growth has slowed 
to a below-average rate of 1.5 percent and shifted out-of-state in 
2014.³⁴ Firms involved in in-state sales and installation grew by 1 
percent, compared to the 8 percent growth seen at firms shifting 
to out-of-state markets.³⁵ For example, Dovetail Solar and Wind, 
a renewable energy company that previously had more than 95 
percent of its work in Ohio, now has less than 60 percent of its 
projects in-state.³⁶ Moreover, S.B. 310 limits the energy efficiency 
measures that minimize price surges in the wholesale electricity 
market, and creates a disadvantage for manufacturers working in 
fields such as energy efficiency.³⁷

In order to support the industry, create jobs, and avoid losing out 
on major foreign and domestic investment, Ohio should consider 
allowing the Alternative Energy Portfolio Standard freeze to 
expire at the end of 2016.
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Evolving Energy Needs
Although Ohio is among the top five consumers of coal in the 
United States, oil and natural gas production are becoming 
more prominent as a result of resources now available from the 
Marcellus and Utica shale beds.³⁸ Additionally, the retirement of 
older coal generation plants provides Ohio with an opportunity 
to invest in energy-saving technologies and renewable energy. 
Many plants have been shut down to avoid high renovation costs; 
these closures have also resulted in fewer coal-fired power plant 
operating jobs and contributed to Ohio’s energy deficits.³⁹ Ohio 
could replace coal with renewable sources that will yield in-state 
investment and support jobs for Ohioans. Meeting a portion of 
Ohio’s energy needs with wind technologies produced in-state 
and integrated additive manufacturing practices offers distinct 
economic benefits for the state and will create good-paying, 
skilled jobs for residents.

Economic Clusters

Economic clusters encompass a variety of linked industries 
and institutions—including suppliers of specialized services, 
machinery, and infrastructure—which form a supply chain.⁴¹ 
Clusters also extend to manufacturers of complementary 
products and to industries related in skills and technologies. By 
placing themselves in close proximity to industry allies, companies 
benefit from each other’s unique expertise and skilled workers.⁴² 
Companies in a cluster enjoy closer access to specialized skills and 
information, which helps increase productivity and efficiency.⁴³

Geographic proximity and repeated exchanges of information 
help foster an environment of coordination and cooperation 
among companies and institutions. Business clusters are shown 
to improve the productivity of participating companies; drive 
innovation in the field; and facilitate the commercialization of 
this innovation by increasing communication, logistical support, 
and overall interaction between cluster entities.⁴⁴ Clusters also 
build a strong foundation for creating and retaining employment 
opportunities. Ohio has had several successful economic clusters, 
including the nanomanufacturing cluster in Northeast Ohio. The 
state is poised for cluster development in other industries, such 
as additive manufacturing.

“Clusters are geographic concentrations of interconnected 
companies and institutions in a particular field.” 

 
– Michael Porter, Clusters and the New Economics of Competition⁴⁰
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Jobs Potential
Maximizing job creation within Ohio depends largely on local 
action. An original equipment manufacturer (OEM) and its 
local suppliers employ workers from their community. Those 
employees spend their earnings at businesses within the 
local economy, such as grocery stores and restaurants. Local 
businesses also hire employees from within the community, 
who spend their earnings at other local establishments. This 
results in a multiplier effect, where a single dollar of spending 
in a community circulates through local businesses and their 
employees numerous times. Recruiting advanced energy OEMs 
and their suppliers to a community can result in increases in local 
spending many times greater than the actual expenses of those 
companies.

Policy Certainty
• Provides a clear  

market signal
• Reduces business risk
• Allows for long-term 

planning

Innovation 
Ecosystem
• Promotes research 

and development
• Facilitates new tech-

nology to market
• Incubates early-stage 

businesses

Workforce 
Development 
• Invests resources  

in people
• Bridges skills gap 
• Develops training 

programs and industry 
partnerships

Access to Capital
• Provides funding  

for new and growing 
businesses

• Connects investors 
with market opportu-
nities

• Attracts entrepreneurs

Economic Clusters are created when industries and institutions become linked with 
suppliers of specialized services, machinery, and infrastructure that are within close 
proximity, forming a supply chain. Key elements to a successful cluster include Policy 
Certainty, Workforce Development, Innovation Ecosystem, and Access to Capital.

Economic Cluster
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By implementing strategic and well-researched policies, Ohio’s 
wind and additive manufacturing industries can support up to  
26,000 total jobs annually through 2030.

Report Structure
The analysis presented in this report is divided into four 
complementary chapters, each covering key elements of building 
advanced energy economic clusters in wind power and additive 
manufacturing. Chapters 2 and 3 present a supply chain analysis 
for Ohio’s established wind energy and 3D printing clusters, 
respectively. This analysis culminates in an assessment of the 
state’s job growth potential within each cluster and policy 
recommendations tailored to Ohio’s needs. Chapter 4 offers an 
analysis of Ohio’s innovation ecosystem and access to capital 
programs—both crucial elements of sector development—and 
provides recommendations for further developing the state’s 
innovation pipeline. Chapter 5 provides recommendations 
for workforce development programs and policies to prepare 
Ohioans for advanced energy jobs. The conclusion of the report 
summarizes key themes and the appendix explains the jobs 
modeling methodology.
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Chapter 2: Wind Energy
Identifying Ohio’s Strengths, 
Weaknesses, Opportunities, and 
Threats in the Wind Sector

STRENGTHS WEAKNESSES
• Ohio is a U.S. leader in wind-

related manufacturing with more 
manufacturing facilities than any 
other state¹

• Blue Creek Wind Farm in northwest 
Ohio is a successful model of wind 
power feasibility and potential

• Over 2,500 Ohioans work in the wind 
industry giving the state a strong 
foundation for advancement²

• Strong wind manufacturing and 
maintenance training programs 
offer sector-specific workforce 
development

• Local support for wind farms as a job 
creator in northwest Ohio

• Farmers with wind turbines on their 
properties have higher income 
streams from lease payments

• Recent divestment in the wind 
industry due to the current 
freeze on Ohio’s renewable 
portfolio standard

• Restrictive regulations on siting 
large-scale onshore wind farms

• No national best practices for 
offshore wind

• Utilities are unwilling to 
participate in long-term power 
purchase agreements with wind 
farms

• Average cost of onshore wind 
power is comparable with coal³

OPPORTUNITIES THREATS
• Ohio has the potential to develop 

the first freshwater off-shore wind 
project in the United States

• With currently available technologies, 
onshore and offshore wind power 
has a total potential of 156 GW, 
especially in northwest Ohio and on 
Lake Erie⁴,⁵

• Lake Erie is primed for offshore wind 
development

• Community choice aggregation 
programs can build local demand for 
wind power

• Wind developers could establish 
long-term investments and 
relationships in other states

• Policymakers have shifted 
attention from wind power to 
natural gas because of Ohio’s 
shale oil boom

• The public has misconceptions 
about the safety, reliability, and 
environmental impacts of wind 
energy
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Wind-Generated Energy in Ohio
There are three major categories of wind power generation 
methods: onshore, offshore, and small-scale distributed. Onshore 
and offshore wind turbines are very similar, with turbines around 
100 meters tall and built for utility-scale distribution. Distributed 
wind systems include power-generating technologies that are 
smaller-scale (between 1 kW and 10 kW) and produce electric 
power close to the site of consumption. These technologies can 
be either off-grid—meaning they only serve the facility they are 
located on—or connected to the grid, where the majority of 
consumption still occurs on-site.⁶

The most common form of wind power generation in Ohio is 
utility-scale onshore, followed by small-scale distributed. There 
have been no offshore wind projects developed in the state. 
There are eight onshore wind power plants and several smaller-
scale installations.⁷ Ohio is a leader in distributed wind and was 
identified by the Pacific Northwest National Laboratory as one 
of the top states in cumulative wind power capacity from 2003 
to 2014.⁸ The state has 435 MW of installed capacity in onshore 
wind,⁹ forming a strong base for further development in the wind 
sector. 

With total wind energy potential exceeding 156 GW¹⁰,¹¹ (enough 
to power 33 million homes),i Ohio’s wind market would likely take 
the form of onshore wind in northwest Ohio and offshore wind in 
the Great Lakes. In December 2015, foreign investors announced 
plans to develop offshore wind in Lake Erie, signaling global 
interest in the development of Ohio’s offshore wind resources. 
As a leader in wind-related manufacturing, Ohio can also take 
advantage of growing regional demand for offshore wind¹² 
through large-scale export of Ohio-built components to other 
U.S. regions via waterways connected to the Great Lakes.

Rising Demand for Wind Energy
Increased innovation and global investment in wind-generated 
energy technology will continue to result in decreased costs and 
increased efficiency. Between 2004 to 2013, global investment 
in wind power grew from $14 billion to $80 billion.¹³ Total global 
installed wind capacity currently stands at 370 GW, which covers 
nearly 5 percent of electricity demand worldwide.¹⁴ Additionally, 
2014 brought a record growth rate in global installations: 50 GW 
of added capacity surpassed both 35.6 GW installed in 2013 and 
45 GW installed in 2012.¹⁵ Popular demand for offshore wind 

i 156 GW of potential powers about 35 million homes given that 1 GW powers between 225,000 and 
300,000 U.S. homes annually. (Source: “Offshore Wind Energy,” Bureau of Ocean Energy Manage-
ment, accessed December 21, 2015, http://www.boem.gov/renewable-energy-program/renew-
able-energy-guide/offshore-wind-energy.aspx)
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power abroad is a significant part of the current strength and 
future growth of the wind industry. Worldwide, almost 4.5 GW 
of offshore wind have been installed with another 4.7 GW under 
construction and 30 GW already approved.¹⁶

National demand for wind power tripled from 2008 to 2013¹⁷ and 
large-scale wind installations increased 300 percent from 2013 
to 2014.¹⁸ Strong growth in the domestic wind sector is projected 
to continue: forecasts show that installed wind capacity in the 
United States will likely triple between now and 2030 (see Figure 
2).¹⁹

Onshore distributed wind in the United States reached a 
cumulative capacity of nearly 906 MW in 2014, reflecting the 
74,000 wind turbines installed across the country.²⁰ While this is 
a promising start, the distributed wind market has substantial 
room for growth: installed capacity of distributed wind could 
reach 1,000 GW by 2030.²¹

Offshore development in the United States has been slow to  
catch hold. Common reasons are complicated permitting, chall-
enging logistics, high capital costs, and lack of consistent price 
support policies. However, the success of offshore wind in many 
other developed nations, such as Denmark and the United 
Kingdom, demonstrates that these barriers can be overcome 
with careful infrastructure planning and consistent price support 
policies. Offshore wind is no longer a new technology and states 
can incorporate best practices from other nations.
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Onshore capacity for offshore wind will reach 20 GW by 2030.

Onshore and Offshore Installed Capacity Through 2030

Land-based Offshore

Figure 2. Total installed wind capacity will triple by 2030 with offshore wind reaching 20 GW
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Falling Cost of Wind Energy

Costs for wind-generated energy will continue to fall as the 
technology develops and global investments increase. Most 
studies estimate a 20 percent to 30 percent fall in LCOE of onshore 
wind by 2030 compared to 2010 costs,²⁴ and from 2008 to 2015, 
wind power costs fell by more than one-third.²⁵ The cost of 
onshore wind power has significantly declined in the past decades 
to about 5 cents per kilowatt-hour due to increased design and 
production scale, improved operation practices,²⁶ and increased 
global investment in wind power. While LCOE for distributed wind 
turbines vary greatly,²⁷ industry experts identified target LCOEs 
at 32 percent to 46 percent of 2014 LCOEs, depending on turbine 
size and end-user markets.²⁸

What is Levelized Cost of Electricity?
The levelized cost of electricity (LCOE) represents the cost per 
kilowatt-hour of building and operating a particular power 
plant. To calculate the total cost of the plant or technology, 
the LCOE assumes a lifespan and capacity level and adds up 
capital costs, fuel costs, operation and maintenance costs, 
and financing costs.²² LCOE is often reported in dollars 
per kilowatt-hour, which allows utilities or policymakers 
to compare costs of installing wind power system to other 
generation sources such as a coal-fired power plant. LCOE 
for wind technology is mostly capital and financing costs 
because there is no fuel required for generation and variable 
operations and maintenance costs are low.²³

Photo Credit. (Left) janie.hernandez55 / Foter / CC BY  
(Right) Ad Meskens / Wikimedia Commons
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As more offshore wind projects are developed in the United 
States, the LCOE of offshore energy is projected to fall below 12 
cents per kilowatt-hour by 2030 (see Figure 3).²⁹ Cost reductions 
will largely come from similar trends in advanced technology, built 
capacity, and improved operation and maintenance of offshore 
turbines.

$0.00

$0.02

$0.04

$0.06

$0.08

$0.10

$0.12

$0.14

$0.16

2016 2018 2020 2022 2024 2026 2028

Ce
nt

s/
kW

h

Data Source: Navigant, Offshore Wind and Market Analysis, February 2013;
Open EI Cost Database, http://en.openei.org/apps/TCDB

LCOE for offshore wind will decrease by 30 percent by 2030.

Offshore Levelized Cost of Energy Through 2028

Figure 3. LCOE for offshore wind will decrease by 30 percent by 2030

Manufacturing of a wind turbine
Photo Credit. U.S. Department of Energy
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Anatomy of an Offshore Wind Turbine

BLADES
Offshore wind turbine blades are 60 meters long, 
nearly as tall as an 18-story building. Due to massive 
size and weight, offshore wind blades must be 
manufactured close to the installation site.

Future Innovation: Lighter blade materials  such as 
carbon fiber composites     c ould  increase turbine efficiency 
and ease transport.

NACELLE/DRIVETRAIN
The nacelle sits atop the tower and is 
connected to the rotor. The nacelle’s 
fiberglass composite shell protects 
components, such as the drivetrain, from 
the elements. The drivetrain includes all of 
the components that contribute to turning 
mechanical energy into electrical energy, 
including the main shaft, gearbox, and 
generator.

Future Innovation: Gearless drivetrain  
technology  might decrease  the  frequency of 
costly maintenance repairs.

FOUNDATION
Offshore wind foundations come in 
several varieties, including monopole 
(shown), tripod, and jacket. All involve 
steelwork at great heights and are very 
difficult to transport. Therefore, the 
foundation must be manufactured 
close to the ports.

Future Innovation: Floating foundations 
  c ould  place turbines in deeper water, 
allowing Ohio to access  stronger winds 
and create even more energy.   

TOWER
The tower is the largest, heaviest wind 
turbine component and is generally 
composed of three or four joined steel 
tube subsections that raise the rotor to 
the height of strong winds. Modern 
towers are between 80 to 100 meters tall 
and weigh about 200 tons, as much as a 
Boeing 747 loaded with six Ford F150s.
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Ohio’s Wind Industry: A Strong Foundation 
for Growth 

Blue Creek Wind Farm: Generating Energy and Revenue 
for Northwest Ohio.
The Blue Creek Wind Farm has served communities in 
northwest Ohio for over three years. The project grew from 
a $600 million private investment in 2011, when economic 
development in the state stalled due to the recession.³⁰ Even 
before going online in 2012, it provided many local benefits, 
putting over 500 construction workers and more than 30 
Ohio companies to work and garnering about $25 million in 
local spending.³¹
As the largest wind farm in the state, the 304 MW project 
powers an average of 76,000 Ohio homes each year³² and 
annual tax revenue further powers these communities. 
Recently, the Van Wert and Paulding counties received over 
$2 million and $666,000, respectively,³³ making the project 
one of the largest single taxpayers in each county.³⁴ Because 
the turbines are mostly on farmland, farmers also receive 
about $2 million annually in royalties,³⁵ even though Blue 
Creek covers less than 1 percent of the area of crop fields.³⁶ 
The financial benefits are especially significant for smaller 
farmers that support local communities. Thus, wind energy 
bolsters Ohio’s top industry on both the state and local level.³⁷
Furthermore, rural school districts greatly benefit from this 
economic boost. In the Lincolnview school district, wind 
farm funds helped provide every student with a computer, 
when previously there were only two computer labs in the 
whole district.³⁸ There is immense local support for wind 
farm development and Blue Creek is a great state model for 
expanding wind power.

(Left) Transporting a wind turbine blade, Photo Credit. Evert Kuiken / Foter / CC BY-ND  
(Right) Tripile offshore wind turbine foundations, Photo Credit. U.S. Department of 
Energy
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Strengths
Ohio leads the nation in wind-related manufacturing with more 
than seventy facilities currently producing components, as well  
as ten companies providing service-level support to the industry 
(see Table 1). The majority of Ohio’s manufacturing facilities 
produce components used for drivetrains or power transmission. 
Most drivetrain manufacturers have the ability to construct the 
main shaft and produce gearboxes, while three established 
companies also produce generators. Several companies provide 
mechanical components for power conversion, such as gears, 
bearings, and housing. Since the components for onshore and 
offshore turbines are similar, firms in onshore wind turbine 
manufacturing will be able to transition to the burgeoning 
offshore industry.

Ohio is home to companies like Argosy and SUREnergy, which 
give the state a competitive edge in the distributed wind market. 
Furthermore, established nonprofits such as the Lake Erie 
Energy Development Corporation (LEEDCo), the Great Lakes 
Wind Network (GLWN), and WIRE-Net help propel economic 
development and support the wind industry.

TYPE OF FACILITY
NUMBER OF 
COMPANIES DETAILS

Manufacturing 73  
Drivetrain 14 main shaft, gearbox, generator 
Rotor 6 blades, pitch system, spinner
Tower 5 tower and supporting components
Structural 4 main structural frames, fasteners
Electrical 16 power inverter, logic boards, control systems
Materials 9 composite material, steel foundries
Power Transmission 19 equipment to connect wind farm to grid
Foundation 0 steel foundation for offshore applications
Service 10

Logistics 4 supply chain management, shipping, trucking
Operation and Maintenance 2 repair services
Nonprofits 2 advocacy and supply chain development support

Distributed Wind Turbines 2 small wind turbines

Total Companies 83

Table 1. Wind Manufacturing Supply Chain (American Wind Energy Association, Great Lakes Wind 
Network)
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Opportunities for Growth
Ohio’s many facilities dedicated to wind component manufac-
turing will allow the state to remain competitive in the wind 
industry if it diversifies its production. Ohio facilities produce  
most of the internal components of a nacelle, but nacelle assem-
bly is a logical addition to the industry. Furthermore, foundation 
and rotor manufacturing also have room for growth. 

Ohio also lacks expertise in the offshore wind industry. The 
Port of Cleveland will need a geotechnical survey performed to 
ensure it can handle the weight of large, heavy offshore turbine 
components such as towers and blades, which will need to be 
manufactured close to the installation site. Moreover, specialized 
installation vessels must be constructed for the Lake Erie project. 
Ohio could create jobs through ship construction, and in turn, 
power the offshore wind industry in the Great Lakes. 

With demand for wind power projected to rise over the coming 
decades and energy costs securing its cost-effectiveness, Ohio’s 
wind component manufacturing base is poised to take off. 
Overall, these supply chain gaps are significant opportunities to 
engage international companies and draw foreign investment to 
the state. 

Figure 4. Map of Ohio’s wind component manufacturers (Source: Great Lakes Wind 
Network)
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Offshore and Land-Based Wind Employment 
Potential
As demand for wind energy skyrockets, Ohio has the opportunity 
to expand the wind economy, increase in-state spending, and 
employ an average of over 22,000 more Ohioans annually over 
the next fifteen years. If optimistic projections prove to be correct 
and Ohio’s wind companies are able to fill a larger share of their 
supply chain needs with in-state purchases, up to 335,500 direct, 
indirect, and induced job-years would be supported. While up 
to 46,700 of those would be direct job-years in the state’s wind 
industry, over 288,800 indirect and induced job-years could be 
supported if wind companies were able to procure more of their 
supplies from in-state companies. 

These projections for job-years potential in Ohio’s wind industry 
are based on tools and analysis by the National Renewable 
Energy Laboratory (NREL), the Department of Energy’s Office of 
Energy Efficiency and Renewable Energy, the Great Lakes Wind 
Collaborative (GLWC), and Bloomberg New Energy Finance. 
Additionally, the Jobs and Economic Development Impacts (JEDI) 
tool was utilized to estimate job-years at different levels of local 
supply chain concentration for wind. 

To highlight why clustering supply chain businesses in Ohio is 
so important, we have estimated the number of direct, indirect, 
and induced jobs based on future demand and the percentage 
of supply chain purchases made within the state. Figures 5 and 6 
show how the number of onshore and offshore job-years vary as 
the local share changes. The figures show the number of direct, 
indirect, and induced jobs based on local share percentages of 25 
percent, 50 percent, and 75 percent.

Since projections often vary, we analyzed how those supply 
chain differences affect three reputable estimates of future 
demand for offshore wind energy: GLWC’s High Forecast as a 
high-demand scenario, NREL’s Renewable Electricity Future 80 
Percent High Constraint forecast as a medium-demand scenario, 
the Office of Energy Efficiency & Renewable Energy’s (EERE) 
Wind Vision as a low-demand scenario. We also analyzed how 
supply chain differences affect three reputable estimates of 
demand for onshore wind energy: NREL’s Renewable Electricity 
Future 80 Percent Advanced Technology Improvement as a high-
demand scenario, EERE’s Wind Vision as a medium-demand 
scenario, and Bloomberg New Energy Finance’s forecast as a low-
demand scenario. Figure 5 presents estimates for onshore wind 
construction, operations, and maintenance jobs. For offshore 
wind, estimates of construction, operations, and maintenance 
jobs are in Figure 6.

 
What is a Job-Year?
A job-year is one full-time 
equivalent job for one year 
(i.e., forty hours per week 
for fifty-two weeks, which is 
2,080 hours per year). If two 
people each work a part-
time job for twenty hours 
per week for fifty-two weeks, 
this is counted as one full-
time equivalent job for one 
year, i.e., one job-year. If one 
person works forty hours per 
week for ten years, this it is 
counted as ten job-years.

 
Why Use Job-
Years?
By using job-years, our 
analysis can take into 
account the length of a 
job. In energy projects, 
many construction and 
installation jobs are short-
term, while manufacturing 
and maintenance jobs may 
be long-term. Using job-
years allows us to accurately 
count both types of jobs. 
For example, if ten full-time 
wind turbine installation 
workers are expected to each 
spend 208 hours on a wind 
project, this is measured as 
one job-year. Alternatively, 
if one full-time engineer is 
expected to spend fifteen 
years operating that same 
wind farm, this is measured 
as fifteen job-years. In our 
analysis of Ohio’s wind 
supply chain, total job-years 
are aggregated over the 2016 
to 2030 period.



Chapter 2: Wind Energy

AMERICAN JOBS PROJECT 29

In all of the demand scenarios, increasing the percentage of 
local spending by Ohio’s wind companies creates thousands of 
job-years. For example, in the offshore high-demand scenario, 
increasing in-state supply chain purchases from 25 percent to 75 
percent would support over 130,000 direct, indirect, and induced 
job-years. In the onshore high-demand scenario, increasing in-
state supply chain purchases from 25 percent to 75 percent would 
support over 68,000 direct, indirect, and induced job-years. 

Figures 5,6. An increase in Ohio’s local share will increase job-years potential for both 
onshore and offshore wind.

 -

 50,000

 100,000

 150,000

 200,000

 250,000

25% 50% 75% 25% 50% 75% 25% 50% 75%

Low Moderate High

Offshore Wind Job-Years Potential by Scenario and Local Share 2016 - 2030

CON Direct CON Indirect CON Induced O&M Direct O&M Indirect O&M Induced

 -

 20,000

 40,000

 60,000

 80,000

 100,000

 120,000

 140,000

25% 50% 75% 25% 50% 75% 25% 50% 75%

Low Moderate High

Onshore Wind Job-Years Potential by Scenario and Local Share 2016 - 2030

CON Direct CON Indirect CON Induced O&M Direct O&M Indirect O&M Induced

 
Direct, Indirect, 
and Induced Job-
Years
In order to estimate the 
potential economic impact 
of Ohio’s wind supply chain, 
direct, indirect, and induced 
job-years are measured:
• Direct job-years: reflect 

jobs resulting from initial 
changes in demand 
in Ohio’s onshore and 
offshore wind industry 

• Indirect job-years: reflect 
jobs resulting from 
changes in transactions 
between industries as 
supplying industries 
respond to increased 
demand from Ohio’s 
onshore and offshore 
wind industry

• Induced job-years: reflect 
jobs resulting from 
changes in local spending 
as a result of increased 
demand in Ohio’s wind 
and indirect industries

 
Local Share
Local share is the percentage 
of expenditures that are 
spent in Ohio. For example, if 
a wind installation company 
plans to spend $3 million 
on imported wind turbines 
and $1 million on additional 
supplies from companies in 
Ohio, the local share is 25%. 
In the JEDI model, local share 
is an independent variable. 
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Even in the low-demand scenarios, increasing the percentage of 
in-state supply chain purchases creates tens of thousands of jobs. 
An increase of in-state supply chain purchases for offshore wind 
companies from 25 percent to 75 percent would support over 
74,000 job-years. For onshore wind in the low-demand scenario, 
that same percentage increase of in-state purchases supports 
over 9,000 direct, indirect, and induced job-years.

If a concerted effort were made by the state to fill in the supply 
chain and strengthen the wind cluster, Ohio companies could  
meet the expected demand for onshore and offshore wind, 
supporting up to 335,500 job-years. Increasing the number of 
supply chain businesses can create thousands of good-paying, 
skilled jobs and make Ohio a leader in the wind industry.

Policy Recommendations 
Ohio can jumpstart the state’s wind cluster by focusing on 
innovative policies that remove obstacles and boost demand 
within the state. Creating a robust in-state market will attract 
private investment, strengthen the economy, and create new 
value chains, which will subsequently stimulate and accelerate 
new export markets.

Policy 1: Encourage Foreign Direct 
Investment to Fill Supply Chain Gaps
Ohio leads the nation in wind manufacturing and is strategically 
located along major Midwest waterways. With growing demand 
for wind power across the Midwest, Ohio is primed to export wind 
turbine components to the rest of the nation. Ohio can recruit 
both onshore and offshore turbine component manufacturers to 
locate in Ohio. An influx of foreign wind manufacturers would 
not only encourage wind energy development, but also increase 
the state’s capacity to export necessary components—ultimately 
creating new jobs for Ohioans.

Transporting a blade to wind turbine site 
Photo Credit. “Caveman Chuck” Coker / Foter / CC BY-ND
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Many governors attract international companies to their states  
to create jobs for their citizens. Ohio is no exception. In 2013,  
over 881 international firms did business in the state, employing 
more than 181,000 Ohioans.⁴⁵ Industry clusters include auto-
motive, advanced manufacturing, and polymers and chemicals. 
These investors are the result of a coordinated effort from Ohio’s 
Department of Development and the Governor’s Office. 

The Governor can turn gaps in both the onshore and offshore 
wind supply chains into international investment missions to 
attract component manufacturers to locate in Ohio. Table 2 
shows a list of potential investors based on turbine component.

By recruiting these foreign companies to either locate in the state 
or partner with Ohio’s wind businesses, the state stands to bring 
foreign capital into the state, strengthen its wind cluster, and 
create jobs for a dedicated Ohio workforce.

Table 2. Potential Foreign Direct Investors in Turbine Components
Turbine Component FDI Target
Large-Scale Turbine Blades DeWind (Germany) and LM Wind Power 

(Denmark)

Nacelle Assembly Romax (UK), Eickhoff (Germany) and 
Enercon (Germany), onshore only

Towers and Foundations AMBAU (Germany), Bladt Industries A/S 
(Denmark), and Sif Group (Netherlands)

Foundry Global Castings (Germany)
Underwater Cables JDR Cables (England) and Sudkabel 

GmbH (Germany)

Lake Erie Offshore Wind Pilot Project 
Ohio could be the first state in the nation to successfully  
construct freshwater offshore wind turbines. Fred.Olsen 
Renewables, a Norwegian wind developer with projects 
located in Sweden, Scotland, Norway, and the United 
Kingdom, purchased the right to develop a $120 million pilot 
project in Lake Erie off the shores of Cleveland.³⁹ Construction 
for the 18 MW pilot—a collaborative effort with the Lake Erie 
Energy Development Corporation—is scheduled to begin 
in 2018.⁴⁰ Named “The Icebreaker,” the pilot project will use 
Siemens 3.0 MW turbines⁴¹ and cost-effective mono bucket 
foundations.⁴² Cleveland Public Power will purchase a quarter 
of the Icebreaker’s output and provide interconnection 
access to the grid.⁴³ Given its progress, the Icebreaker could 
potentially receive more Department of Energy funds to offset 
development costs, in addition to the combined $7 million 
granted in 2012 and 2014.⁴⁴
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Policy 2: Amend Setback Requirements to 
Allow Flexibility for Turbine Size
Due to legislation passed in 2014, wind turbines must be sited 
at least 1,125 feet away from the property line of the nearest 
adjacent property.⁴⁶ This setback is nearly twice as deep as was 
previously required⁴⁷ and seven times the setback requirement 
for oil and gas drilling.⁴⁸ The current setback requirement would 
apply to any group of turbines whose total capacity reaches 5 
MW.⁴⁹ For example, a group of ten 500 kW turbines standing 200 
feet tall⁵⁰ are restricted to the same setback requirements as 
a 3 MW turbine, which is more than twice as tall at 488 feet.⁵¹ 
Since turbine heights vary so greatly,⁵² Ohio needs a setback 
requirement that recognizes the reduced impacts related to  
small turbines. The current setback limit not only adversely 
affects small turbines, but also could become outdated for large 
turbines—as wind turbines continue to grow in size, a setback 
limit measured in feet may quickly become obsolete. 

In order to adapt to the diversity of turbines and their expected 
increase in size, Ohio lawmakers should consider modifying the 
setback requirement to a more adaptable limit that meets the 
needs of both rapidly growing turbines and small-sized distribut-
ed turbines. Instead of a setback distance measured in feet, the 
setback limit could be measured by the ratio of the turbine height 
plus blade tip measured at 90 degrees to the property in question. 
States such as Pennsylvania have similar requirements.⁵⁴ This will 
ensure the setback protects neighboring property as turbines 
grow larger,⁵⁵ and prevent excessive regulation for small turbines. 

Moreover, Ohio lawmakers should consider measuring the 
setback distance from the nearest residential structure instead 
of the property line. Many rural residents live acres from their 
property line and those residents would not be at risk for 
turbine malfunction.ii In the unlikely case that property values 
decline due to proximity to a wind turbine,⁵⁶ the developer could 
be required to compensate the homeowner for the home’s 
depreciation. The current setback limit will be an economic 
disadvantage to all Ohioans touched by the wind industry: rural 
homeowners risk losing the opportunity to receive monthly 
income from leasing their property to wind developers, while 
wind developers will not be able to develop wind projects.⁵⁷  
Thus, measuring the setback limit from the nearest structure 
instead of the property line will allow for continued economic 
growth in Ohio.

ii In 2014, only one-tenth of 1 percent of U.S. wind turbines experienced catastrophic failures. 
(Source: U.S. Department of Energy, “Wind Vision: A New Era for Wind Power in the United States,” 
April 2015, pg. 105, http://www.energy.gov/sites/prod/files/WindVision_Report_final.pdf)

 
What is a Setback 
Requirement?
A setback is the distance a 
building or structure, such  
as a wind turbine, must 
be built from a building, 
property line, street, body 
of water, or other place 
that needs safeguarding. 
In general, the level of 
government that owns the 
land determines setback 
requirements. Municipalities 
may control local setbacks 
(known as “home rule”) while 
the federal government 
may control federal highway 
setbacks. Wind turbine 
setbacks vary greatly across 
the nation, and are set by 
states or municipalities.⁵³ 
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Modifying the setback requirements of wind turbines can 
continue to protect the health and safety of Ohio residents, grow 
rural economies, and ease burdensome permitting for wind 
developers in Ohio—ultimately helping to create more wind jobs 
in Ohio.  iii

Policy 3: Create an Ohio Wind Credit
Ohio leads the nation in wind manufacturing facilities⁶² and 
more than 2,500 Ohioans are employed in the wind industry.⁶³ 
The state boasts 435 MW of onshore installed wind capacity,⁶⁴ 
demonstrating the state’s commitment to wind-generated  
power. Additionally, Fred.Olsen Renewables’ recent purchase of 
an 18 MW, $120 million offshore wind pilot project in Lake Erie 
represents a significant opportunity for Cleveland’s manufacturing 
industry.⁶⁵ If the project proves successful, more foreign and 
domestic wind developers could make Ohio their home base. 

To signal that Ohio is committed to wind development, the state 
could pass its own Ohio Wind Credit (OWC) instead of relying 
solely on federal funds. The cost of the OWC can be offset by 
income from the leasing of state lands for renewable energy 
development, as New Mexico has successfully done with its 
economy-boosting Renewable Energy Production Tax Credit. The 
OWC can be modeled after similar credits in New Mexico and 
Kentucky, or the federal investment or production tax credits.

iii Measured in 2011 U.S. dollars.

Wind Development: A Benefit to Rural Economies 
Each year, Ohio landowners receive $3 million from land 
lease payments for renewable energy facilities, and Ohio 
communities receive $3.7 million through taxes from these 
facilities.⁵⁸ Rural communities likewise benefit from wind 
development around the nation. In Texas, the state with the 
most installed wind capacity, an analysis of rural western 
counties showed the economic activity to be $520,000ііі per 
MW of installed wind capacity.⁵⁹ On a national level, local 
landowners receive about $180 million in lease payments from 
wind producers,⁶⁰ and over an eight-year period county-level 
income increased by $11,000 per MW of installed capacity.⁶¹ 
Farm families and rural school districts can continue to receive 
the benefits of this significant source of revenue if setback 
requirements are suitably determined. 
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Ohio could follow New Mexico’s example and lease some of its 
state lands, such as land under control of the Department of 
Transportation, to pay for the OWC. Ohio owns a total of 422,000 
acres,⁶⁹ and would only need to lease a small fraction of that to 
generators of onshore wind and solar. Leasing state lands and 
rooftops could be a significant source of revenue that could be 
used to pay for a wind tax credit. Offering an Ohio Wind Credit 
would send a clear signal to investors that Ohio is serious about 
offshore wind development and attracting middle-class jobs to 
the state.

Policy 4: Create an Anchor Company Tax 
Credit 
Fred.Olsen Renewables, the largest independent power  
producer in the United Kingdom, recently announced its new  
U.S. headquarters in Cleveland.⁷⁰ This signifies a major 
opportunity for wind-related manufacturing in Ohio. With wind 
turbines requiring up to 8,000 components,⁷¹ supply chain 
management represents a significant hurdle. The state could 
support development of a robust supply chain by partnering 
with Fred.Olsen Renewables and other anchor companies with 
incentives such as the Anchor Company Tax Credit. 

Anchor Company Tax Credit 
As the first state to develop an offshore wind pilot project in the 
United States, Rhode Island created an Anchor Institution Tax 
Credit to bolster the offshore wind industry. If a Rhode Island 
anchor company is responsible for a job-creating supplier 
locating in Rhode Island, the anchor company receives a tax 
credit.⁷² For instance, if a wind developer lures a manufacturer 
of subsea cables, the wind developer will receive a tax credit. 

New Mexico’s Renewable Energy Production Tax Credit
In 2003, New Mexico instituted a state Renewable Energy 
Production Tax Credit (REPTC) to stimulate clean energy 
investment. The program was so successful that all available 
production tax credits for solar have been claimed until 
2022.⁶⁶ The tax liability is capped at a maximum of $33.5 
million per year for 10 years, a fraction of the money the state 
will earn by leasing land for renewable energy uses.⁶⁷ Those 
land leases are expected to bring in $574 million to the state, 
far exceeding the cost of the tax credits.⁶⁸ Neighboring states, 
including Arizona, followed New Mexico’s lead and instituted 
similar policies. 
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Ohio could implement a policy similar to Rhode Island’s Anchor 
Institution Tax Credit to create a robust supply chain and wind 
manufacturing center. The credit could be extended to other 
industries in the state with complex supply chains, contingent 
on number of jobs created for Ohioans. With its complex supply 
chain needs, incentives like the Anchor Company Tax Credit could 
boost the wind manufacturing industry, resulting in good-paying 
jobs for Ohioans. 

Photo Credit. U.S. Department of Energy
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Policy 5: Establish a Port Retooling Strategy 
and Infrastructure Funds
Offshore wind farms require significant investment and planning 
of waterside ports.⁷³ Before development of offshore wind  
turbine farms can begin, Ohio will need to build specialty ships 
to facilitate the installation process and begin manufacturing 
wind turbines near the coast. Cleveland’s ports are not currently 
prepared to handle this increase in manufacturing activity and 
shipbuilding infrastructure. Port planning and upgrades should 
begin as soon as possible to prevent a delay of wind energy 
implementation. 

In the United Kingdom, the Port of Grimsby has been dedicated 
to wind activities. Through coordination with local officials and 
business leaders, it acts strategically with other nearby ports 
to coordinate supply chain activities, including establishing 
operation and maintenance hubs, allocating terminal space for  
offshore wind installation vessels, and allotting space for manu- 
facturing wind turbine components.⁷⁴ Phase three of offshore 
wind turbine installation will bring an additional 1,500 jobs to 
the Port of Grimsby alone,⁷⁵ not counting the United Kingdom’s  
6,800 full-time offshore wind jobs.⁷⁶ Denmark’s Port of Esbjerg is 
an example of a successful port that was strategically planned: 
more than 270 companies and organizations make up the Offshore 
Center Danmark, an innovation complex for offshore wind.⁷⁷ The 
Port’s Board of Directors invested $183 million in facilities over 
a ten-year period to create space for wind turbines.⁷⁸ The Port 
of Esbjerg has witnessed continued economic growth: for three 
consecutive years from 2012 to 2014, the port had its highest 
profits on record. From 2013 to 2014, wind turbine transport 
increased by 44 percent and ship calls increased by 21 percent.⁷⁹

The state of Ohio could help the Port of Cleveland prepare for the 
offshore wind industry via strategic planning and investments 
like those in Grimsby and Esbjerg. If just one port was upgraded 
to facilitate the U.S. offshore wind industry,iv 6,000 full-time 
employment jobs could be created and $449 million added to 
the state’s gross domestic product.⁸⁰ The Port of Cleveland, Ohio  
Public Works Commission, Ohio Department of Transportation, 
and stakeholders involved in the Icebreaker project should 
consider a commission to assess the needs of the port. The State 
of Ohio could consider using funds from the State Infrastructure 
Bank,⁸¹ creating a public-private funding mechanism specifically 
for port upgrades, or providing low-interest loans through a 
revolving loan program. To create an industrial cluster that 
leverages the Port of Cleveland and the facilities needed to 

iv “Port upgrades” in this scenario include moderate port upgrades and the addition of a component 
manufacturing facility.
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manufacture and install wind turbines, the state of Ohio and Port 
of Cleveland could work strategically to invest in port planning 
and infrastructure, ultimately resulting in good jobs for Ohioans.

Chapter Summary
With Ohio’s strength in the wind turbine manufacturing industry 
and prime location for export, the state is poised to lead the 
nation in wind turbine manufacturing. Demand for wind energy  
is projected to triple by 2030 and Ohio must act quickly to capital-
ize on this demand. State lawmakers have several opportunities 
to improve the manufacturing landscape, strengthen supply 
chains, and create in-state demand for wind-generated energy. 
Implementing these recommendations will help Ohio create a 
strong economy while providing more diverse and reliable energy 
for ratepayers.
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Chapter 3: Additive 
Manufacturing
Introduction to Additive 
Manufacturing
What is Additive Manufacturing?

Additive manufacturing, commonly known as 3D printing, is the 
process of connecting (“adding”) successive layers of various 
substances—such as plastic polymer or metal—closely over one 
another, which creates a usable 3D version of whatever is being 
modeled. Using computer-aided design (CAD) software, products 
ranging from ear buds to jet engine fuel nozzles to medical 
implants can be modeled and printed, transforming them from 
virtual to material with the click of a button.¹

Photo Credit. Creative Tools / Foter / CC BY
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How Do 3D Printers Work?

Traditional manufacturing methods use a subtractive process, 
which removes unnecessary material by cutting raw material 
away from the object. 3D printers can eliminate this waste.² The 
main components of a 3D printer are the circuitry, software, 
nozzle, LCD display, and metal/plastic structure. Production of 
a 3D-printed object is comprised of three main steps: design, 
manufacturing, and assembly. A model of the object is designed 
using a CAD file with a digital representation.³ The model contains 
object dimensions, material properties, and the machine steps 
for printing. The main types of 3D printing are selective binding, 
selective solidification, and selective deposition.⁴ The selective 
binding technique creates a 3D-printed object by binding chemical 
agents and a powdered metal or gypsum. Selective solidification 
creates an object by solidifying a liquid into layers. The final 
method, selective deposition, creates objects by positioning or 
placing the material at a specified location without chemical 
binders.

Plastics remain the most prevalent 3D printing filament, some 
of which—including polylactic acid—are compostable.⁵ Other 
materials include metals, hybrid metals, composites, and 
ceramics.⁶

1. Electronic design file is 
created using Computer-
Aided Design (CAD) or scan-
ner. Software slices model 
into cross sectional layers.

2. Design is sent to 3D 
printer and materials 
are selected.

Materials used include 
plastics, metals, compos-
ites, ceramics, and hybrid 
materials. Researchers 
are developing 3D printer 
materials that are com-
postable, temperature- 
sensitive, and can be 
absorbed by the human 
body for medical use.

3. Layer by layer, small amounts of 
material are printed. 

4. Final object is produced 
with minimal waste. 

Additive Manufacturing: How It Works

1

2

3
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Advantages of Additive Manufacturing
The adoption of 3D printing has begun to shift the way society 
designs, manufactures, engineers, and customizes products. 
Additive manufacturing is the key to reducing waste and increas-
ing energy efficiency in the production process, which ultimately 
lowers costs and accelerates innovation. Currently, common 3D 
printing uses include rapid prototyping and casting of dental, 
medical, and production parts.⁷ Some of the many benefits of 
additive manufacturing include the following:

1. Waste Reduction: Traditional manufacturing is subtractive, 
meaning a block of material is whittled down to a targeted shape, 
which can waste anywhere from 90 percent to 97 percent of the 
original material.⁸,⁹ Alternatively, additive manufacturing not only 
reduces the amount of raw material needed, but also utilizes 
about 98 percent of input material for a product.¹⁰ The aerospace 
industry, for example, has benefited from a 50 percent cut to its 
“buy-to-fly” ratio (a measure of the amount of material needed to 
produce one pound of product).¹¹

2. Energy Efficiency: Because fewer production steps and 
less material are required, 3D-printed products require up 
to 50 percent less energy than if they were produced with 
conventional processes.¹³,¹⁴ This significant difference in energy 
consumption is a result of the heating each method uses: 
traditional manufacturing requires intense heating of large areas, 
whereas additive processes heat elements at a smaller scale.¹⁵ 
Many 3D-printed goods are more energy-efficient. For example, 
3D-printed components in General Electric’s airplane helped 

Additive manufacturing can reduce all seven categories 
of waste, which include: 
1. “Overproduction: occurs when more is produced than is 
currently required by customers
2. Transportation: transportation does not make any change 
to the product and is a source of risk to the product
3. Rework/Defects: discarded defects result in wasted 
resources or extra costs correcting the defect
4. Over-processing: occurs when more work is done than is 
necessary
5. Motion: unnecessary motion results in unnecessary 
expenditure of time and resources
6. Inventory: is similar to that of overproduction and results 
in the need for additional handling, space, people, and 
paperwork to manage extra product
7. Waiting: when workers and equipment are waiting for 
material and parts, these resources are being wasted”¹²
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increase efficiency by almost 7 percent.¹⁶,i 

3. Faster Prototyping: Prototyping a new product is faster and 
less expensive than ever before. Some business owners opt to 
purchase a 3D printer to produce their own prototypes, while 
others seek prototyping services from a third party. From 2010 
to 2015, prototyping service revenues grew at an annualized rate 
of 22.6 percent.¹⁷ 3D-printed prototypes were made for several 
industries, including construction and architecture, aerospace, 
automotive, medical and dental, toys, jewelry, and home goods.¹⁸

4. Design Flexibility: Layer-by-layer production allows for 
design of more complex shapes and enables the incorporation 
of varying printed materials with different design characteristics, 
such as stiffness and conductivity.¹⁹ Manufacturers have taken 
advantage of these design benefits. For example, Boeing and 
Lockheed Martin use 3D printing for aerospace components, 
LUXeXcel uses it to manufacture LEDs,²⁰ and auto manufacturers 
such as Bentley use it for production of intermittent or intricate 
parts.²¹ Consequently, design and manufacturing sales for 3D 
printer manufacturers have increased. 3D Systems, for example, 
saw a 27 percent increase in their design and manufacturing 
revenues from 2013 to 2014.²²

5. Increased Customization: 3D printing enables mass custom-
ization, meaning that one product, such as a shoe, can be molded  
to fit the individual. 3D printing also enables individual custom-
ization of goods tailored to the consumer’s preferences.²³ 
Companies like NRML customize ear buds for the perfect fit for  
their customer.²⁴ New Balance 3D released its first 3D-printed 
midsole and was the first company to utilize 3D printing to 
customize track spikes for competitive athletes.²⁵ Other compan-
ies like Twikit enable customers to personalize items ranging from 
trophies to jewelry.²⁶

6. Space Efficiency: Being able to create components on de-
mand minimizes the number of molds and dies that need to be 
created and stored, especially if only a small volume of the product 
is required.²⁷ The Naval Undersea Warfare Center-Keyport uses 
additive manufacturing to manufacture a supply of replacement 
parts for submarines or ships without requiring a great deal of 
space or complicated logistics.²⁸

7. Reduced Costs to Manufacturers and Customers: Because 
3D printing requires less input material, it can reduce material 
costs by up to 90 percent.²⁹ It can also cut the cost of transporting 
components by housing the manufacturing process at assembly 
sites. These cost savings trickle downstream to customers.

i See example of General Electric’s efficient 3D-printed fuel nozzle on page 46.



Chapter 3: Additive Manufacturing

AMERICAN JOBS PROJECT 43

Identifying Ohio's Strengths, 
Weaknesses, Opportunities, 
and Threats in the Additive 
Manufacturing Industry
STRENGTHS WEAKNESSES
• Ohio is home to America 

Makes, the national accelerator 
for additive manufacturing³⁰

• Ohio has 13,000 manufacturing 
firms,³¹ placing the state fourth 
in the nation in manufacturing 
gross domestic product³²

• Ohio’s Third Frontier program 
and state universities are 
national models for driving 
local innovation³³

• The additive manufacturing 
industry has multilateral codes 
and standards³⁴

• Most manufacturers (67 
percent) currently use 3D 
printing³⁵

• The number of additive 
manufacturing employees 
grew an average of 6.6 percent 
from 2010 to 2014³⁶

• High costs of industrial 3D 
printers restrict widespread 
adoption and experimentation 
by small companies

• Newer printing technologies 
lack consistent quality³⁷

• Design changes needed to shift 
some manufacturing processes 
are a barrier to adoption 

OPPORTUNITIES THREATS
• The 3D printing industry is 

projected to grow up to 300 
percent in the next ten years³⁸

• Additive manufacturing is used 
by diverse sectors including 
medical and dental, aerospace, 
energy, and automotive 
industries for specialty tools, 
customized goods, rapid 
prototyping, and rapid product 
development³⁹

• Foreign companies desire U.S. 
manufacturing facilities

• Ohio can export 3D printers to 
other states and countries 

• Some states, including New 
York, are investing millions 
of dollars in advanced 
manufacturing, potentially 
edging out Ohio as a leader in 
the field⁴⁰

• Ohio could lose its leadership 
role in additive manufacturing 
research and development 
(R&D) if the state does not 
maintain current investment 
levels
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Rising Demand for 3D Printers
In 2014, the additive manufacturing industry saw a 35 percent 
growth rate, its largest increase in history, and amounted to a 
$4 billion global industry.⁴³ Due to increased financial support 
and growing innovation, the global 3D printing industry has 
quadrupled in size in the past five years.⁴⁴ 

Bullish market projections indicate that the global additive 
manufacturing industry will grow by approximately 49 percent 
each year until 2019,⁴⁵ or up to 300 percent within ten years.⁴⁶ 
More conservative estimates predict that the industry will grow 
an average of 18 percent per year, reaching up to $7 billion by 
2020.⁴⁷

Domestically, the $1.5 billion U.S. industry is expected to grow 
16.2 percent in 2016.⁴⁸ In 2011, approximately 63 percent of 
commercial and industrial 3D printers were sold by three U.S.-
based companies: Stratasys, Z Corporation, and 3D Systems.⁴⁹ 
Almost 65 percent of all 3D printers sold worldwide were 
manufactured in the United States.⁵⁰

3D printers have transitioned from industrial workshops to home 
offices and surgery wards. In 2014, desktop printer revenues 
increased 98 percent, amounting to $173 million.⁵¹ Worldwide, 
sales of desktop printers under $5,000 jumped from 355 in 2008 
to 72,503 in 2014.⁵² Leading desktop 3D printer manufacturers 
include RepRap (Denmark), Makerbot Industries (United States), 
and Beijing Tiertime (China).⁵³ Demand for 3D printing in the 

America Makes: A Leader in Additive Manufacturing 
Innovation 
In August 2012, the U.S. federal government asserted its lead-
ership in additive manufacturing by establishing a national 
accelerator in Youngstown, Ohio. The National Additive Man-
ufacturing Innovation Institute, currently known as America 
Makes, was funded by a joint federal grant provided by NASA, 
the National Science Foundation, and the Departments of 
Defense, Energy, and Commerce. It was the first institute de-
veloped for the National Network of Manufacturing Innova-
tion, a federal initiative announced earlier that year.⁴¹ Amer-
ica Makes serves as a public-private commitment to additive 
manufacturing research, aiming to increase both technologi-
cal competitiveness and the number of jobs in the manufac-
turing sector.⁴² The institute attracts and supports business-
es and initiatives nationwide, and its Youngstown base gives 
Ohio unique access to this national resource.
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medical field has burgeoned over the past few years, with 3D 
Systems’ healthcare sales increasing by 80 percent from $71 
million in 2013 to $129 million in 2014.⁵⁴

Both government aid and key research investments have played 
a major role in jumpstarting the global additive manufacturing 
industry.⁵⁵ In 2013, the United Kingdom committed over $16 
million in R&D funding to help expand 3D printing technology 
across industries.⁵⁶ The United States also established the 
National Additive Manufacturing Innovation Institute, now 
called America Makes, to create a strong foundation for public-
private partnerships and to attract manufacturing companies 
and investors.⁵⁷ The private sector also continues to invest in 
3D printing R&D. For example, General Electric invests $6 billion 
annually in R&D and plans to incorporate 3D printing in the 
production of airplanes.⁵⁸

Photo Credit. jurvetson / Foter / CC BY

Photo Credit. jurvetson / Foter / CC BY
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Innovations in 3D Printing Will Create New Markets
3D-Printed Fuel Nozzle Increases Fuel Efficiency in Airplanes
General Electric now uses several 3D-printed parts, including 
sensor housings and fuel injection systems in commercial jets. 
Additionally, the Federal Aviation Administration has approved 
the use of 3D-printed fuel nozzles in General Electric’s LEAP 
commercial jet engines.⁵⁹ The 3D-printed fuel nozzles are five 
times stronger and two-thirds lighter than previous models.⁶⁰ 
Furthermore, the old nozzles contained twenty-one parts, 
whereas the new 3D-printed models consist of only one part.⁶¹ 
The resulting 3D-printed system is 15 percent more efficient 
than the previous engine models manufactured with subtractive 
methods.⁶² This increase in efficiency can save airlines $1.6 million 
per airplane in annual fuel costs.⁶³ Companies around the world 
have already ordered more than 6,000 LEAP engines worth a 
combined $78 billion.⁶⁴

Department of Defense Decreases Maintenance, Removes 
Obsolescence, and Encourages Creativity Through 3D Printing
Each year, the Department of Defense spends almost $75 
billion on maintenance costs.⁶⁵ Moreover, the military often 
demands that parts are delivered quickly to remote locations 
and in small quantities.⁶⁶ 3D printing enables the military to 
redesign components in a manner that will ultimately decrease 
maintenance needs. For example, the Navy’s Fleet Readiness 
Center used 3D printing to redesign its V-22 Osprey aircraft with 
enhanced hydraulic manifolds that are 70 percent lighter and 
have fewer leak points (thus requiring less maintenance) than 
the traditionally manufactured manifolds.⁶⁷ Reverse engineering 
can help overcome obsolescence of specific parts. For example, 
the B-52 aircraft was introduced in 1952 and many of the parts 
are no longer routinely manufactured. With 3D printing, parts 
can be reverse-engineered and produced on-site when needed, 
extending the B-52 aircraft’s lifespan until 2044.⁶⁸

3D Printing Increases Efficiency in the Surgery Ward
3D Systems’ sales of medical devices increased by 80 percent 
from 2013 to 2014,⁶⁹ which suggests that additive manufacturing 
has a significant impact on the healthcare industry. Companies 
such as Therics, a medical device manufacturer, already hold a 
number of patents in the medical field⁷⁰ that could transform 
the way doctors are trained and treat patients. For example, at 
teaching hospitals such as University of Florida, doctors practice 
surgery techniques on 3D-printed models of real patients’ skulls 
and brains.⁷¹ Realistic, hands-on practice can help save lives 
and reduce healthcare costs through reduced surgery time. 
Some procedures can cost as much as $300 per minute, so any 
reduction in surgery time results in significant savings.⁷² 3D 
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printing can also increase efficiency of medical implants through 
design of various porosity and density to match human tissue.⁷³ 
Research at America Makes focuses on products for surgery that 
can be reabsorbed by the body,⁷⁴ and some experts predict that 
in the future 3D bioprinters will print body parts.⁷⁵ Researchers 
have already printed human blood vessels and a small heart that 
successfully beat moments after printing.⁷⁶

Other Medical Applications of 3D Printing
More than 500,000 patients worldwide have 3D-printed dental 
implants and 30,000 patients have 3D-printed orthopedic 
implants.⁷⁷ Some niche medical sectors solely rely on 3D printing 
for their products. For example, the U.S. hearing aid industry 
completely shifted to 3D printing in less than 500 days, reflecting 
the ability for entire industries to quickly shift manufacturing 
processes.⁷⁸

Falling Cost of 3D Printers 
As a result of R&D investments and rising demand for 3D printers, 
the cost of 3D printers has fallen significantly in recent years. 
Between 2001 and 2011, 3D printer costs decreased 51 percent.⁷⁹ 
A 3D printer cost at least $45,000 in 2001, and the same model is 
predicted to cost less than $2,000 in 2016.⁸⁰ Siemens predicts the 
cost of 3D printing will drop by 50 percent from 2013 to 2018,⁸¹ 
while other industry experts predict the cost will drop 60 percent 
in the same time period and another 30 percent from 2018 to 
2028.⁸²

Although some types of 3D printers are still too expensive for 
widespread adoption—some 3D metal printers cost upwards 
of $200,000⁸³—the majority of industrial manufacturers (67 
percent) currently use 3D printers.⁸⁴ However, manufacturers are 
not the only end users. Many small home printers are priced less 
than $500, making them affordable for the average consumer.⁸⁵

As America Makes and other national public-private institutions 
research new 3D printing methods and applications, the cost 
could continue to fall.⁸⁶

Ohio’s Additive Manufacturing Industry
Ohio leads the nation in manufacturing: the state houses the  
third largest industry workforce in the country and, as of 
2013, produces almost $100 billion in manufacturing output.⁸⁷ 
Additionally, almost 60 percent of Ohio’s counties depend heavily 
on manufacturing for their economic wellbeing.⁸⁸ Keeping the  
industry healthy in the coming decades will require the 
implementation of economic policies that support 3D printing 
and other emerging technologies.
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Ohio’s 3D printing industry has several strengths including R&D, 
business development, and hardware manufacturing. 3D printing 
R&D occurs at universities, public-private institutions, and private 
companies. Universities such as Case Western Reserve University, 
Youngstown State University, University of Akron, University 
of Dayton, and Ohio State University are currently researching 
additive manufacturing technologies and materials.⁹¹,⁹²,⁹³ Public-
private partnerships include Case Western and rp+m, an Avon-
based manufacturing and material R&D company,⁹⁴ as well 
as a partnership between Cincinnati Incorporated and Oak 
Ridge National Lab that develops large-scale polymer additive 
manufacturing systems.⁹⁵ Meanwhile, General Electric and other 
private firms are researching new methods of printing complex 
aircraft components.⁹⁶

Business development is another strength of Ohio’s additive 
manufacturing industry. America Makes (see page 44) closely 
collaborates with the Youngstown Business Incubator, the top 
university-affiliated incubator in the world,⁹⁷ to support new 
additive manufacturing companies.⁹⁸ JuggerBot 3D, a software 
and hardware developer and consulting services group, is one 
example of a successful firm that has come out of Youngstown.⁹⁹  
Older companies exist in the supply chain such as MakerGear in 
Beachwood, which has been manufacturing 3D printers for home 
use since 2009.¹⁰⁰

Growth and expansion in the global 3D printing industry 
continues to impact Ohio. 3D Systems, an international additive 
manufacturing firm, recently acquired an advanced manu-
facturing engineering services company in Columbus known as 
Laser Reproductions.¹⁰¹ 3D Systems also acquired Village Plastics, 
a filament producer based in Norton.¹⁰²

The 3D Printing Supply Chain
The 3D printing supply chain breaks into seven subgroups: 
design, manufacturing, software, hardware, services, busi-
ness development, and research. Design includes direct and 
indirect prototypes, while manufacturing consists of direct, 
indirect, or specialty parts like those produced for the medical 
industry. Cloud platforms and digital threading make up the 
software for additive manufacturing.⁸⁹ The hardware supply 
chain includes consumer and industrial printers and materi-
als such as metal, plastic, ceramics, composites, and glass.⁹⁰ 
Business development and research are critical to maintain-
ing competitiveness in this rapidly changing industry.
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3D printing materials research and production is a burgeoning 
industry in Ohio with room for growth. For example, 3D 
Systems opened a 30,500-square-foot facility in Barberton 
in 2014 to produce 3D printer filament materials and research 
new thermoplastic materials for 3D printing.¹⁰³ In Miamisburg, 
Mound Laser and Photonics Center researches metal powder 
technologies for 3D printers.¹⁰⁴ To capitalize on these existing 
assets and keep up with rapidly evolving industry technology, 
Ohio has the opportunity to strengthen its materials supply chain, 
with an emphasis on emerging trends such as thermoplastics, 
ceramics, and biomaterials. 

Table 3. Companies in Ohio's Additive Manufacturing Supply Chain

Business Sector Ohio Companies
Printing Machinery and Equipment 
Manufacturing 22
Software Publishing 646
Semiconductor and Related Device 
Manufacturing 55
Plastics Product Manufacturing (including 
nozzles) 723
Machine Tool Manufacturing (including metal 
cutting) 102
Electronic Component Manufacturing (including 
LCD) 132
Total 1,680

Figure 7. Map of companies in Ohio's additive manufacturing supply chain
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3D Printer Manufacturing and 3D Printing 
Services Employment Potential
As demand for 3D printers skyrockets, Ohio has the opportunity 
to expand the 3D printing economy, increase in-state spending, 
and employ an average of over 4,400 more Ohioans annually 
over the next fifteen years. If optimistic projections prove to be 
correct and Ohio’s 3D printing companies are able to increase 
their national market share to 10 percent, over 65,000 direct and 
induced job-years would be generated. While nearly 49,000 of 
those would be direct job-years in the state’s 3D printing industry, 
over 16,000 induced job-years would also be supported. 

These projections for job-years potential in Ohio’s 3D printing 
industry utilized IMPLAN and industry growth estimates and 
benchmarks from IBIS World. Based on these national project-
ions, we estimated the direct and induced jobs created. Due to 
the variability and proprietary nature of 3D printing technologies, 
we were unable to estimate the number of indirect jobs. 

To highlight why growing the 3D printing industry in Ohio is so 
important, we have estimated the number of direct and induced 
jobs based on Ohio’s share of firms in the national 3D printing 
industry. Figures 8 and 9 show how the number of 3D printing 
manufacturing and service jobs vary as Ohio’s market share 
increases from 4 percent to 10 percent. Ohio’s current market 
share of the 3D printer manufacturing and 3D printing services 
industries is approximately 4 percent.¹⁰⁵

Increasing Ohio’s share of the national 3D printing market would 
create thousands of jobs for Ohioans. Over the next fifteen years, 
doubling Ohio’s market share of 3D manufacturing jobs would 
create over 12,000 direct job-years and over 4,500 induced job-
years. Doubling the state’s market share of 3D service jobs would 
create nearly 7,000 direct job-years and over 2,000 induced 
job-years between 2016 and 2030. Thus, if a concerted effort 
were made by the state to expand the 3D printing cluster, Ohio 
companies could double their market share, creating over 26,000 
job-years. 

By increasing the number of 3D printing manufacturers, service 
companies, and supply chain businesses to capture 10 percent of 
the national market, the state can support over 65,000 job-years 
and make Ohio a leader in the 3D printing industry.

 
What is a Job-Year?
A job-year is one full-time 
equivalent job for one year 
(i.e., forty hours per week 
for fifty-two weeks, which is 
2,080 hours per year). If two 
people each work a part-
time job for twenty hours 
per week for fifty-two weeks, 
this is counted as one full-
time equivalent job for one 
year, i.e., one job-year. If one 
person works forty hours per 
week for ten years, this it is 
counted as ten job-years.

 
Why Use Job-Years?
By using job-years, our 
analysis can take into 
account the length of a 
job. In energy projects, 
many construction and 
installation jobs are short-
term, while manufacturing 
and maintenance jobs may 
be long-term. Using job-
years allows us to accurately 
count both types of jobs. 
For example, if ten full-time 
manufacturing workers are 
expected to each spend 208 
hours building 3D printers, 
this is measured as one job-
year. Alternatively, if one full-
time technician is expected 
to spend five years operating 
a 3D printer, this is measured 
as five job-years. In our 
analysis of Ohio’s 3D printing 
supply chain, total job-years 
are aggregated over the 2016 
to 2030 period.
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Figures 8,9.  Increasing Ohio's market share for both additive manufacturing industries 
secures more jobs for Ohioans
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Direct, Indirect, 
and Induced Job-
Years
In order to estimate the 
potential economic impact 
of Ohio’s 3D printing supply 
chain, direct, indirect, and 
induced job-years are 
measured:
• Direct job-years: reflect 

jobs created in the 3D 
printing industry to meet 
demand

• Indirect job-years: 
reflect jobs created at 
supply chain companies 
resulting from increased 
transactions as supplying 
industries respond 
to increased demand 
from Ohio’s 3D printing 
industry. We do not 
provide indirect job-years 
in this analysis because 
we do not have accurate 
industry data on their 
expected supply chain 
expenditures

• Induced job-years: reflect 
jobs created throughout 
the local economy as 
a result of increased 
spending by workers and 
firms in Ohio’s 3D printing 
and indirect industries
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Policy Recommendations
By focusing on innovative policies to remove obstacles and 
boost demand within the state, Ohio can become a national 
leader in additive manufacturing. Ohio can lead not only in the 
manufacturing of 3D printers, but also in R&D and 3D printing 
services. A robust additive manufacturing market will attract 
private investment and strengthen the economy. Additionally, 
Ohio can create thousands of skilled, good-paying jobs for local 
residents by stoking competition, encouraging demand, and 
incentivizing innovation. Below are key policies that the state 
could implement to maintain its competitive edge as a national 
leader in additive manufacturing, research, and services.

Policy 1: Encourage Foreign Direct 
Investment to Fill Supply Chain Gaps 
A welcoming environment for manufacturers, a strategic loc- 
ation in the Midwest, and a stronghold on additive manufactur-
ing innovation make Ohio an attractive locale for 3D printing 
manufacturing facilities. Ohio could strengthen its additive 
manufacturing supply chain with targeted foreign direct 
investment (FDI) missions. 

Ohio is a major destination for FDI, and about 14 percent of the 
FDI projects since 2003 are related to industrial machinery and 
equipment.¹¹⁴ By leveraging its strong manufacturing base, Ohio 
can take advantage of foreign supply chain resources—from 
software to hardware—to boost economic development and 
generate stable, good-paying jobs. Overall, the state can assert 
its leadership in additive manufacturing by attracting financial 
support and expertise from large-scale international companies.

Supply Chain Component FDI Target

Printer manufacturing, software, and materials Ultimaker (Netherlands)¹⁰⁶

Printer manufacturing and materials Dynamo 3D (Italy)¹⁰⁷

Materials Hoganas (Sweden)¹⁰⁸

Printer manufacturing and materials Arcam (Sweden)¹⁰⁹

Software and prototyping services Materialise (Belgium)¹¹⁰

Printer manufacturing, materials, and 
prototyping services

Farsoon / Varia 3D (China)¹¹¹

Printer manufacturing Zortax (Poland) ¹¹²

Printer manufacturing Norwegian Titanium (Norway)¹¹³

Table 4. Potential Foreign Direct Investors in 3D Printing Components
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Policy 2: Capitalize on Digital Manufacturing 
Innovation to Drive Future Job Creation
Ohio boasts a strong base of additive manufacturing firms, and  
its research institutions give the state a competitive edge. To 
enhance the growth of additive manufacturing within Ohio, 
state leaders could continue to support and facilitate public-
private partnerships that expand competition and the innovat- 
ion capacity of small- and medium-sized manufacturers. As seen 
with America Makes, these exchanges have fostered about 200 
new 3D printing jobs in the state, and more jobs could be created  
as the institute continues its focus on commercialization.¹¹⁵ Ohio 
can continue this success by promoting advances in manufactur-
ing technology and the corresponding workforce training to  
ensure that workers can keep up with skill demand. High-
performance computing technology and new modeling sim-
ulation and analysis can build “competitive advantage through 
innovative product design, production techniques, cost savings, 
improved time-to-market cycles, and overall quality,” according 
to the senior vice president of the Council on Competitiveness.¹¹⁶ 
However, without assistance, many companies cannot afford to 
invest in this type of technology, putting them at risk of missing 
significant business opportunities.¹¹⁷

Trends and Best Practices in Digital Manufacturing  
Training 
To address rapidly evolving technologies, the Economic 
Development Corporation allocated money to the National 
Center for Manufacturing Sciences in November 2012. The 
purpose of this funding was to help establish the Grid Cell 
(formerly named the Predictive Innovation Center), a facility 
that provides companies with equipment and workforce 
training to aid in virtual design and prototyping.¹¹⁸ Ohio 
Northern University has a digital manufacturing and simulation 
lab that teaches students digital manufacturing software and 
connects them to local companies.¹¹⁹
In Michigan, North Central College has partnered with 
the Northern Lakes Economic Alliance, Charlevoix-Emmet 
Intermediate School District, Ferris State University, Little 
Traverse Band of Odawa Indians, Precision Edge, and 
numerous manufacturers to create a “self-contained mobile 
digital manufacturing lab,” otherwise known as the “Fab Lab.” 
The mobile lab can be set up near the workforce to improve 
the efficiency and accessibility of training programs. Students 
who complete the program receive a nationally recognized 
certificate in Computer Numerical Control.¹²⁰
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In-state digital manufacturing, which refers to computer-based 
systems that use 3D analytics to create manufacturing processes 
and design products, could be expanded to drive job creation in 
Ohio. State policymakers could look to the success of the National 
Digital Engineering and Manufacturing Consortium’s (NDEMC) 
public-private partnerships. NDEMC’s Midwest pilot program 
matched $2 million in private sector investment with $2 million 
in federal grants, $900,000 in Ohio state funds, and technical 
assistance from local universities.¹²¹ The funding was used to 
increase the accessibility of high-performance computing and 
training resources for small- and medium-sized firms. The twenty 
manufacturers that received NDEMC funding saw a combined 
$20 million increase in sales revenue each year, with exports 
accounting for half of total sales. These manufacturers also  
created 160 new jobs in 2012 and developed three new pro-
ducts.¹²² Ohio could expand on the successful pilot program by 
reinstating the public-private partnership using state funding  
and leveraging the resources of the state’s public university 
network. Additionally, Ohio’s Manufacturing Extension Partner-
ship site could provide these digital tools and training to small 
manufacturers. Bolstering the state’s workforce and innovation 
capacity within the digital manufacturing sector will set the stage 
for future growth and allow Ohio to effectively compete in the 
advanced energy global economy.

Policy 3: Connect Small Businesses to 
Research Institutions Through an Innovation 
Voucher Program 
Small businesses often lack the tools and resources needed to 
commercialize innovative products in early stages of develop-
ment. For small Ohio business owners, the inability to access new 
technologies could prevent them from advancing their business. 
Moreover, while some small businesses have considered 3D 
printing, the majority of small- and medium-sized business 
owners have yet to fully incorporate 3D printing into their supply 
chain.¹²³ Some states have encouraged 3D printing adoption by 
creating an innovation voucher program or establishing grant 
funds that small businesses can use to pay for equipment and 
consulting services from technological experts. 

The New Mexico Small Business Assistance Program is a success-
ful model that has helped 2,341 businesses gain access to 
technology at the Sandia or Los Alamos National Labs through a 
competitive application process that matches qualified business-
es to scientists at the national labs.¹²⁴ The state government 
provides funding for the program, enabling the national labs to 
connect to local businesses and bolster the state’s economy.¹²⁵ 
In Tennessee, the state created a $2.5 million innovation voucher 
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program whereby manufacturers of varying sizes can “purchase” 
services from the national lab.¹²⁶,¹²⁷ Local businesses consult Oak 
Ridge scientists to test and develop new materials and improve 
manufacturing processes.¹²⁸

While both of these examples focus on connecting small 
businesses to national labs, Ohio can modify the programs so 
that vouchers could be used at places like Battelle laboratories, 
Youngstown State University’s Center for Innovation in Additive 
Manufacturing, or America Makes. Ohio can connect small 
businesses to all types of innovative local institutions, giving 
them the diverse tools and resources needed to incorporate 3D 
printing in their supply chain. 

Policy 4: Establish an Additive Manufacturing 
Factory Retooling Program
Ohio is tied for the fifth largest market share for the U.S. additive 
manufacturing industry.¹²⁹ With 4 percent of all U.S. industry 
establishments and a strong research base, Ohio is poised for 
continued growth in the 3D printing industry. However, potential 
3D printing manufacturers face several barriers to entry in the 
market, including the high costs of machines and materials.¹³⁰ 
State policymakers could remove obstacles and make Ohio a 
leader in additive manufacturing by initiating a Factory Retooling 
for Additive Manufacturing program. This program would 
encourage in-state manufacturing of 3D printing machines, 
materials, and services through a revolving loan fund for factory 
retooling. Ohio could model its factory retooling initiative after 
successful programs in Wisconsin.

Manufacturers in Ohio could use loans to purchase machinery  
and equipment, upgrade or build facilities, or use as initial 
operating capital. To receive a loan, firms could also be required 
to meet metrics such as energy efficiency benchmarks or a 
minimum number of jobs created. Implementing a Factory 
Retooling for Additive Manufacturing program will send a signal 
that Ohio is serious about cultivating its additive manufacturing 
industry and creating good-paying jobs for state residents. 

Policy 5: Minimize Manufacturing Waste  
U.S. firms generate 7.6 billion tons of non-hazardous solid waste 
each year.¹³⁴ The traditional subtractive manufacturing process 
can waste up to 90 percent of the original material.¹³⁵ Solid waste 
is costly to dispose of and recycle; in 2014, the Ohio Environmental 
Protection Agency spent at least $2 million on compliance 
assistance and pollution prevention for Ohio businesses¹³⁶ and 
$20 million on combined solid waste and recycling in the state.¹³⁷ 
To decrease costly waste, the state could provide incentives for 

 
Wisconsin’s 
Clean Energy 
Manufacturing 
Revolving Loan 
Fund
Wisconsin established the 
Clean Energy Manufacturing 
Revolving Loan Fund (CERLF)  
in 2009 to provide up to 
$1 million of low-interest 
financing to private 
companies investing in clean 
energy-related projects.¹³¹ 
The Wisconsin Economic 
Development Corporation 
and the Wisconsin Public 
Service Commission jointly 
manage CERLF. The revolving 
loan fund received funding 
through the American 
Recovery Act and now boasts 
$38 million of working 
capital and equipment.¹³² 
Gearbox, a Wisconsin-based 
wind turbine component 
manufacturer, utilized CERLF 
funding to expand and 
grow its advanced energy 
operations.¹³³
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the use of waste-minimizing technologies or mandate a waste 
reduction target for the manufacturing sector. 

Ohio could create a tax incentive for waste-reducing machinery 
modeled on Ohio’s Air Quality Improvement Tax Incentives, which 
exempt qualified technologies and businesses from the property 
tax, corporate franchise tax, and sales and use tax.¹³⁸,¹³⁹ These 
incentives arguably encourage the use of technologies to reduce 
harmful pollutants before they  are emitted into the atmosphere. 
Similarly designed incentives could focus on reducing material 
waste before the manufacturing process begins. Per Ohio’s State 
Solid Waste Management Plan,¹⁴⁰ the executive branch could also 
consider a mandate to reduce industrial waste related to state-
procured goods by a set percentage of 2015 levels within an 
achievable timeline. A broader waste reduction mandate would 
require legislation. Given that Ohio already documents waste 
reduction,¹⁴¹ measurement and evaluation of waste reduction 
targets may be a low-cost mandate for the state. Upstream 
approaches to reduce waste would lower waste disposal and 
recycling costs for the state, while also stimulating advanced 
technologies such as additive manufacturing. 

Policy 6: Create a Manufacturing Technology 
Council  
Maintaining Ohio’s manufacturing industry into the coming 
decades will require adapting economic policy to support 
emerging technologies such as 3D printing. In order to adapt to 
new manufacturing technologies, Ohio will need a state body or 
council to advise on rapidly changing policy needs. Ohio currently 
houses several additive manufacturing organizations, including 
America Makes and the Additive Manufacturing Consortium.¹⁴³ 
However, these organizations have a national, not a state, focus. 
Ohio lacks a central body that can unite statewide additive 
manufacturers, recommend business-friendly policies on behalf 
of the changing manufacturing landscape, and help the state 
remain competitive in national and global additive manufacturing 
markets. 

Ohio could create a Manufacturing Technology Council to unite 
statewide manufacturers and advise the state on policies that will 
keep Ohio competitive in the next generation of manufacturing. 
The council could include leaders from advanced manufacturing 
businesses, research universities and community colleges, 
and government entities. Regional efforts could be supported 
by engaging the Ohio Manufacturing Extension Partnership 
centers and JobsOhio network, a regional alliance of economic 
development organizations. Ohio also houses three institutes of 
the National Network for Manufacturing Innovation—America 
Makes, American Lightweight Metals, and Advanced Composites 

 
Waste Reduction 
Impacts
Some industries already 
benefit from the waste-
reducing benefits of 
additive manufacturing. 
For instance, the aerospace 
industry cut the amount 
of material needed to 
render one pound of 
aerospace-quality material 
by 50 percent. In addition 
to reducing material 
requirements, engineers 
can also design more 
complex structures with 3D 
printing.¹⁴²



Chapter 3: Additive Manufacturing

AMERICAN JOBS PROJECT 57

Manufacturing—which the council could tap into as a resource.¹⁴⁴  
This is a low-cost, straightforward way for Ohio to keep up with 
current manufacturing trends, develop strategies to bolster 
demand, fill supply chain gaps, and engage with companies that 
are seeking to set up new U.S. operations.

Chapter Summary
Ohio has the potential to be a national leader in 3D printer 
manufacturing, research, and printing services. Smart, strategic 
policy choices can help leverage the state’s unique strengths in 
additive manufacturing research and business development in 
order to create a thriving 3D printing sector. As clusters coalesce 
around a nucleus of activity and relationships, Ohio’s policy-
makers could remove obstacles and stoke in-state demand. 
Expanding the additive manufacturing supply chain by seeking 
foreign direct investment, capitalizing on digital manufacturing 
job growth, establishing innovation voucher and factory retooling 
programs, and creating a formalized manufacturing technology 
council are potential opportunities for Ohio policymakers to 
facilitate growth in the additive manufacturing sector. Passing 
policies that spur demand and innovation and remove barriers to 
entry will reduce overall manufacturing waste, increase consumer 
choice, and make Ohio a more competitive state in the advanced 
energy economy.

Photo Credit. oakridgelabnews / Foter / CC BY-NC-ND
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Chapter 4: Innovation 
Ecosystem and Access 
to Capital
In today’s competitive, globalized economy, businesses are 
more likely to thrive in cities and states that offer a rich 
innovation ecosystem and break down barriers to capital. A 
successful innovation ecosystem bridges the gap between the 
knowledge economy and the commercial economy, while access 
to capital programs provide the necessary funds to facilitate 
commercialization and expansion of businesses. State and local 
government institutions, as well as private entities, can take 
action and collaborate to maximize the impact of innovation, 
support new and expanding businesses, and create good-paying 
jobs in Ohio. 

Innovation ecosystems promote research and development 
(R&D), bring new technologies to market, and incubate early-
stage businesses. Allowing ideas to be easily transferred from 
the lab to the marketplace accelerates further entrepreneurship 
and job creation. Robust innovation ecosystems include efficient 
intellectual property protection mechanisms, mentoring for 
entrepreneurs, and engagement of business and venture capital.

Access to capital is critical for the success of advanced energy 
technologies. New and growing businesses will face severe fin-
ancial hurdles during technology development, commercial-
ization, and expansion. Having access to investors and non-
dilutive capital can be the difference between success and failure. 
In order to maximize the success of advanced energy businesses 
that create good-paying jobs, states should consider actively 
facilitating access to capital. 

Seamless connections between researchers, entrepreneurs, in-
vestors, and non-dilutive capital are vital for advanced energy 
technology businesses to thrive. The new energy economy is a 
race, and only businesses capable of bringing innovative ideas to 
the marketplace quickly and efficiently will be in a position to win. 

Ohio’s Innovation Ecosystem
Since the 1980s, Ohio has made innovation a top priority. Under 
the Third Frontier Program, the state has created thousands of 
jobs and leveraged public money to create billions of dollars in 

 
Innovation 
Ecosystem
• Promotes research and 

development
• Facilitates new technology 

to market
• Incubates early-stage 

businesses

Access to Capital
• Provides funding for new 

and growing businesses
• Connects investors with 

market opportunities
• Attracts entrepreneurs

 
Non-Dilutive 
Capital
Non-dilutive capital, such 
as grants and loans, does 
not affect ownership of a 
company. These funding 
sources may carry interest 
rates or have restrictions on 
how they are used, but will 
not impact the shares of the 
company. 
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local economic activity. Ohio’s state government encourages the 
growth of small- and medium-sized businesses, as well as cross-
university research, collaboration, and commercialization efforts. 
Policymakers have used every economic development tool 
available, from direct appropriations to tax credits and public-
private partnerships. This chapter explores ways to improve 
upon Ohio’s existing institutions and initiatives to maintain the 
state’s competitive edge and foster growth and innovation in the 
advanced energy economy. 

Research Institutions and Initiatives
Headquartered in Columbus, Battelle is the largest non-
governmental, nonprofit R&D organization in the world.¹ In 
addition to a $5 billion annual budget for research and develop-
ment, the organization manages several national laboratories  
and employs 21,000 people.² Battelle’s laboratories manage 
multiple projects focusing on advanced energy integration. 

Ohio is home to a robust academic network that leads advanced 
energy research and includes strong models for bringing in-
novations to market. Eight higher education Centers for Excellence 
in Advanced Energy—located at Bowling Green State University, 
Case Western Reserve University, Central State University, 
University of Cincinnati, University of Dayton, The Ohio State 
University, Ohio University, and University of Toledo—lead the 
state in advanced energy innovation.³ Ohio universities also 
serve as an important industry resource. For example, Bowling 
Green State University, University of Toledo, and Case Western 
Reserve University have led extensive Department of Energy-
funded research in offshore wind power.⁴ Case Western has 
particularly strong ties with the private sector as Lake Erie Energy 
Development Corporation’s research partner and the manager of 
rp+m’s R&D arm.⁵ 

Photo Credit. Rowan University Publications / Foter / CC BY-NC-ND
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Resources for Startups
SciTech is developing a large-scale research park at Ohio State 
University to promote technological innovation.⁶ The campus 
also houses Rev1 Ventures, a national award-winning incubator. 
Thus, the necessary resources to support innovation and 
commercialization are centralized at SciTech.⁷

Furthermore, the additive manufacturing sector gets a boost 
from America Makes, which awards R&D funding to institutions 
nationwide. Ohio can also bring innovations to market through the 
world-renowned Youngstown Business Incubator. Additionally, 
Youngstown State University operates the Center for Innovation 
in Additive Manufacturing within the regional 3D printing hub.

Government Programs
The Ohio Third Frontier program is housed within the state’s 
Development Services Agency. It supports activities in innovation 
and commercialization, as well as capital and talent acquisition. 
The Ohio Third Frontier Technology Validation and Startup 
Fund (TVSF) provided $4.5 million ($1.5 million for three cycles) 
in 2015 for startup companies that commercialize technologies 
developed at Ohio-based universities.⁸ The program aims to 
benefit from innovations in the state by encouraging startups 
and young companies from Ohio research institutions and 
federal labs to establish their business in the state. The program 
awards funding in two phases: (1) $50,000 to move technology 
from the R&D phase to the prototyping stage and past the initial 
“valley of death,” and (2) $100,000 per project to support startup 
companies that are commercializing technology developed 
in Ohio.⁹ The Third Frontier also created the Entrepreneurial 
Signature Program, which established regional offices to support 
entrepreneurs throughout the state.¹⁰

Recognizing the importance of coordination within and across 
sectors, the state funded the Ohio Federal Research Network in 
July 2015.¹¹ Wright State Applied Research Corp. will receive $20 
million over the course of two years and Ohio State University 
will receive an additional $5 million to establish collaboration 
between the state’s research universities, Wright-Patterson Air 
Force Base, NASA Glenn Research Center, and the private sector.¹² 
Approximately half of this funding will be used to create a model 
of how the research network will run.¹³

The goal of the Ohio Federal Research Network is to bring in 
$300 million in new federal research contracts to Ohio-based 
companies in the next five years. It is estimated that this funding 
will result in 2,500 new jobs, $250 million in private-sector 
investment, and the creation or expansion of 100 companies.¹⁴

 
Entrepreneurial 
Signature 
Program Regional 
Offices
• Northeast: Jumpstart, Inc.
• Southeast: Techgrowth 

Ohio
• Southwest: Cincytech
• Western: Accelerant 
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• Northwestern: Rocket 

Ventures
• Central: Rev1 Ventures
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Access to Capital
Access to capital is essential for businesses to grow and bring new 
products to market. Many entrepreneurs are unable to find the 
necessary capital to sustain their companies long enough to reach 
the commercialization phase. As shown in Figure 10, companies 
nationwide face funding shortages during the prototyping and 
commercialization phases. Seventy-five percent of all venture 
capital funding goes to companies in California, New York, and 
Massachusetts.¹⁵ Businesses in the other forty-seven states 
compete over the remaining 25 percent, making state-based 
policies for venture capital investments incredibly important.

Venture Capital
The Ohio Capital Fund (OCF) provides early capital support to 
state tech firms. Created in 2003, the OCF is a bonding program 
that can raise up to $380 million, capped at $20 million per year. 
It has generated hundreds of millions of dollars in state economic 
activity at no cost to taxpayers. All OCF investments are overseen 
and approved by the Ohio Venture Capital Authority. OCF capital 
can be distributed to state venture capital firms that invest in seed 
or early-stage companies or established businesses developing 
new technologies in any field.¹⁶ In the event that the OCF loses 
money on its investments, the venture capital firm’s losses are 
offset by tax credits.¹⁷ However, the program has experienced an 
8 percent return and no losses to date, meaning no tax credits 
have been claimed and taxpayers have not incurred any cost.¹⁸

To date, the OCF has had a significant impact on the state 
economy by providing a source of early investment money for 
new Ohio-based companies. A detailed report conducted by SRI 

Figure 10. New technologies need help crossing the second “valley of death” during 
the commercialization process (Source: U.S. Department of Energy)
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International in 2009—a mere six years after the inception of the 
OCF—concluded that the program had delivered a return of $2.19 
in economic impact for every $1 invested.¹⁹ Additionally, the OCF’s 
2014 annual report stated that the program has distributed $245 
million of its $380 million maximum and created an estimated 
2,595 jobs in seventy-six Ohio companies.²⁰ Companies with OCF 
investments have experienced an average 33 percent increase 
in revenue growth over the last four years.²¹ As a result of the 
program’s success, the Ohio Legislature has recently considered 
proposals to increase the maximum amount of capital the OCF 
can issue.

Ohio attracted $321 million of venture investment in 210 
companies in 2014.²² However, there has been a slowdown 
of private venture capital from Ohio-based firms, which is an 
emerging issue.²³ In 2016, the state expects to see a $392 million 
gap between the needs of Ohio seed and early-stage companies 
and available venture capital.²⁴ To overcome this challenge, Ohio 
policymakers should consider new options to attract early-stage 
investment capital and foster growth.

Non-Dilutive Capital
Ohio’s state government oversees grant and low-cost/low-
interest loan programs to help businesses succeed. The 
Advanced Manufacturing Program (AMP) and the State Energy 
Program (SEP), both of which are administered through the Ohio 
Development Services Agency, provide grants to businesses. 
The AMP strives to encourage advanced manufacturing activity 
by providing funding to Edison Technology Centers and also 
nonprofits that show value-added advanced manufacturing 
assistance.²⁵ The Ohio Development Services Agency receives 
funding from the U.S. Department of Energy through the SEP and 
provides competitive grants for renewable energy and energy 
efficiency technology.²⁶ The SEP aims to support new jobs, reduce 
emissions, and increase energy efficiency and renewable energy 
in the state.²⁷

Ohio also has programs that provide low-cost loans to bus-
inesses. Ohio’s GrowNOW, ReEnergize Ohio, and Minority 
Direct Loan programs provide capital for businesses at below-
market interest rates. The GrowNOW program stems from the 
partnership between the Ohio Treasury and eligible banks. It 
provides qualifying small business owners with loans at a 3 
percent interest rate for two years with the chance to renew 
for another two-year period.²⁸ With a $400,000 cap, the loans 
go to both new and existing small businesses that commit to 
creating or retaining a minimum of one full-time job for every 
$50,000 borrowed.²⁹ ReEnergize Ohio helps new or existing small 
businesses by providing a four-year interest rate reduction of up 
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to 3 percent on up to $550,000 of new or existing loans.³⁰ At least 
50 percent of the loan proceeds must be used for energy-efficient 
building upgrades.³¹ For businesses to qualify, they must be 
headquartered and operate exclusively in Ohio, and the majority 
of their employees must live in the state.³²

Through the Minority Direct Loan Program, minority-owned 
businesses located or expanding in Ohio are able to obtain fixed, 
low-interest rate loans with the condition of new job creation.³³ 
Fifteen-year loans are available for building acquisition, 
renovation, or new construction, and ten-year loans can be 
used for purchasing machinery and equipment.³⁴ Qualifying  
businesses must be certified as a Minority Business Enterprise by 
the State Equal Opportunity Coordinator.³⁵

Tax Incentives
Established in 1996, the Technology Investment Tax Credit (TITC), 
gave investors an income tax credit from the state equal to 25 
percent of up to a $250,000 investment.³⁶ Alternatively, investors 
could collect 30 percent of up to a $300,000 investment if they 
committed funding to businesses in distressed counties.³⁷ The 
conditions also encourage long-term investments (more than 
three years) and rewarded commitments to Ohio companies of 
all sizes. When the program was initially created, it was designed 
to terminate after providing $45 million in tax relief.³⁸ A report by 
SRI International estimated that the TITC program had a $109.8 
million overall economic impact through 2009, which equated to 
almost a $4 return for every $1 invested.³⁹ The program reached 
its cap in 2012 and has since been discontinued.⁴⁰

InvestOhio is another program focused on spurring economic 
growth through private-sector investments. Like the TITC, 
InvestOhio grants personal non-refundable income tax credits 
to investors, but it focuses strictly on investments in small 
businesses.⁴¹ Under InvestOhio, a small business must not have 
assets exceeding $50 million, and must have either fifty or more 
full-time employees total or stationed in Ohio.⁴² Distributed 
funds must be spent in specific categories: tangible property or 
real estate within Ohio used to operate the business; intangible 
property, such as patents and copyrights; vehicles used primarily 
for business purposes and purchased in-state; or compensation 
for new employees.⁴³ Both the investor and investee are required 
to prove that this condition is met, and investors are required to 
maintain their position in their investee’s company for at least 
two years.⁴⁴ Although initially a small program with a $10 million 
cap—of which only $4.1 million was ever claimed—investments 
claiming InvestOhio tax credits during the 2011–2013 biennium 
created more than 700 state jobs.⁴⁵
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Policy Recommendations
Policy 1: Create an Intrastate Securities 
Exemption for Equity Crowdfunding
The number of in-state investors have declined in Ohio over 
the past few years, and available venture capital, as of 2016, 
is not expected to meet the needs of early-stage companies.⁴⁶ 
Over the past four years, twenty-six states and the District of 
Columbia have enacted intrastate securities exemptions that 
allow equity crowdfunding from non-accredited investors.⁴⁷ 
These exemptions align with updates to the federal exemption 
for equity crowdfunding under Title III of the JOBS Act.⁴⁸

Establishing this exemption would open up a new pool of in-
vestors in Ohio that could invest in local startups. Intrastate 
exemption rules allow the state to decide limits on equity  
offerings from companies and maximum investments by non-
accredited investors. These limits often exceed federal rules, 
giving states the ability to compete as the most lucrative option for 
intrastate investment.⁴⁹ In 2015, 102 companies were approved 
for this exemption; at least one firm moved across state lines to 
become eligible.⁵⁰,⁵¹

Policy 2: Establish an Early-Stage Capital 
Gains Tax Exemption
A capital gains tax is applied to the sale of an asset that was 
purchased at a lower cost than it was sold. For example, if an 
individual purchases stock in a company and then sells when the 
company is worth more, the profits made on this sale, or capital 
gains, are taxed. As a result, high-risk, early-stage companies can 
have difficulty finding investors. 

 
Types of Investors

• Accredited Investors are 
individuals with earned 
incomes that exceed 
$200,000 (or $300,000 
if married) for three 
consecutive years or a net 
worth (not including their 
home) of $1 million dollars 
or more.⁵²

• Equity Crowdfunders are 
non-accredited investors 
allowed to invest in 
companies with restrictions 
on how much they can 
commit. The Invest Georgia 
Equity Crowdfunding 
Exemption allows non-
accredited Georgia investors 
to invest up to $10,000 in 
any company based in the 
state.⁵³

Facility at Oak Ridge National Laboratory
Photo Credit. U.S. Department of Energy
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A state or national policy that eliminates or reduces the rate 
of capital gains taxes can attract investors. States can use this 
incentive to spur innovation in specific industries and encourage 
investors to commit their money to homegrown companies. 
Ohio could implement an early-stage capital gains tax exemption 
policy to help incentivize investment in clean energy and additive 
manufacturing startups. Ohio could reference successful early-
stage capital gains tax exemption policies in other states and 
countries.

Chapter Summary
Ohio has a well-established innovation ecosystem that includes 
programs to drive research, tax incentives for companies, 
government grants, low-interest loans, and more. The state’s 
universities, incubators, applied innovation centers, and tax 
incentives provide Ohio with a broad foundation for spurring 
growth in advanced energy businesses. Policymakers can 
maintain Ohio’s innovative edge by implementing intrastate 
equity crowdfunding and capital gains tax exemptions for 
investments in early-stage Ohio companies. These types of pro-
market, forward-thinking policies would allow Ohio’s advanced 
energy entrepreneurs to continue to innovate, bring ideas to 
market, and create good-paying jobs for residents.

Successful Capital Gains Tax Exemption Policies
Similar programs have been successful in the United 
Kingdom: the Enterprise Investment Scheme (EIS) and 
Seed Enterprise Investment Scheme (SEIS) are tax-based 
venture capital schemes that provide tax relief to investors 
in high-risk companies. The EIS started in 1994 with the 
aim to help small, high-risk companies build capital by 
offering tax relief to investors.⁵⁴ In 2012, the government 
established the complementary SEIS, which offers tax relief 
at a higher rate for early-stage investment.⁵⁵ Approximately 
22,900 companies have benefited from the EIS, raising over 
£12.2 billion in funds since the program began in 1994.⁵⁶ 
From 2013 to 2014, SEIS spurred a total of £164 million of 
investment in nearly 2,000 companies.⁵⁷
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Chapter 5: Workforce 
Development
Trained and skilled workers are fundamental to the success of 
an industrial cluster. Sector-based workforce development goes 
hand-in-hand with cluster development. If firms in the same 
cluster are able to coordinate with the government, schools, and 
related nonprofits on policies and programs to train workers 
for their sector, they will be better equipped to identify their 
employment needs and find qualified workers with the required 
skills to fill available jobs. 

Ohio has recovered many of the jobs it lost in the Great Recession 
and therefore has an unemployment rate of 4.4 percent,¹ 
lower than the national average of 5.0 percent.² Despite these 
gains, many Ohio residents and regions are still struggling to 
recover economically. Many counties in southeastern Ohio have 
unemployment rates over 6 percent, with Monroe County on the 
West Virginia border experiencing a rate of 8.1 percent—nearly 
double the overall rate in the state.³ Additionally, much of the job 
growth in Ohio has been in low-wage fields. The proportion of 
low-wage jobs has increased from 28 percent to 36 percent of the 
total jobs available in Ohio during the 2007–2013 period.⁴

Advanced energy sectors offer the opportunity to significantly 
expand employment and economic opportunities available 
to Ohio residents. This is especially critical to Ohio’s existing 
manufacturing industry, which accounts for 12.6 percent of all 
jobs in the state economy.⁵ Jobs in the wind energy⁶ and advanced 
manufacturing⁷ supply chains pay wages at or above the median 
salary, offering an opportunity to increase the middle- and high-
wage jobs available in the state. These sectors are expected 
to employ an array of technicians and engineers through 
diverse opportunities, including manufacturing, maintenance, 
installation, and metalworking, among others. Overall, the sectors 
will contribute to the development of important advanced energy 
technologies and the Ohio economy as a whole. 

In order to capitalize on opportunities in the advanced energy 
space, Ohio’s policymakers can take proactive steps to address 
skill gaps and structural challenges in its workforce. By stoking 
advanced energy clusters, Ohio can provide more good-paying 
jobs for its dedicated labor force and encourage Ohioans to 
pursue careers in their home state.
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A thoughtful sector-based workforce development approach 
should include industry best practices for recruiting, hiring, 
training, promotion, and compensation; education and training 
infrastructure (including community colleges, project-based 
learning experiences, and apprenticeship programs); and public 
policy, specifically rules, regulations, and funding streams related 
to workforce and education. Leaders in the state can focus efforts 
on those regions and populations that are still experiencing high 
unemployment.

Workforce Development Strengths
Ohio has several workforce development strengths that can be 
leveraged in order to support the emerging advanced energy 
sectors in the state. For example, Ohio boasts a robust higher 
education system, a strong Labor Market Information system 
that helps connect job seekers with employers, funds available to 
support worker retraining, and established Science, Technology, 
Engineering, and Mathematics (STEM) and Career and Technical 
Education (CTE) groups.

Ohio has a strong higher education system with nearly 600,000 
students enrolled in public colleges, universities, and adult 
workforce education and training programs.⁸ This academic 
network consists of fourteen universities, twenty-three com-
munity colleges, and more than 120 adult programs geographic-
ally dispersed throughout the state.⁹ One of Ohio’s greatest  
assets is the state’s system of public universities, which in-
cludes world-renowned research universities such as Ohio 
State University, as well as statewide participation in national 
centers including America Makes. America Makes is centered in 
Youngstown and relies on contributions from University of Akron, 
Case Western Reserve University, Youngstown State University, 
community colleges, and local employers.¹⁰ Additionally, Ohio 
State University offers a nationally ranked environmental 
engineering graduate program, which contributes to the pool 
of skilled and trained workers available to emerging advanced 
energy industries.¹¹ The university also offers an undergraduate 
minor in environmental engineering, further building the pool of 
qualified engineers in the state.

Ohio also focuses on skill-building in STEM fields because develop-
ing worker competencies in these fields is critical to the success  
of advanced energy technologies. The Ohio STEM Learning 
Network (OSLN) connects schools to each other and to national 
resources in order to produce best practices for the state and 
improve the student experience. OSLN operates through seven 
regional hubs that serve as a platform for collaboration among 
stakeholders in K–12 school districts, colleges, communities, and 
businesses within each region.¹² Additionally, Ohio is involved in 
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the national Project Lead the Way network, which allows students 
to enroll in a high school pre-engineering program.¹³ Special-
ization courses include environmental sustainability, which re-
quires students to investigate and design solutions to real-world 
matters such as renewable energy.¹⁴ Participating middle schools 
also have access to Engineering by Design curriculum materials as 
part of the STEM Center for Teaching and Learning consortium.¹⁵

As a complement to the state’s strong education base, Ohio is  
also committed to connecting people to careers and offering  
training opportunities to eligible workers. In 2014, Ohio passed 
legislation creating the OhioMeansJobs revolving loan fund, 
which helps workers pursue job training opportunities at 
eligible institutions, including four-year and community colleges, 
nonprofits, career technical centers, and private training pro-
viders.¹⁶ To become a qualified provider, institutions must apply 
through a competitive request for proposal (RFP) process; if 
approved, they can receive up to $100,000 in funds per workforce 
training program.¹⁷ As part of the RFP process, institutions must 
identify specific industry partners who will benefit from the 
training program, which ensures that the training addresses 
realistic employer needs. The funds are disbursed directly as 
student loans, and students are responsible for repayment.¹⁸

Other skill-building and training efforts in the state include CTE 
programs that focus on critical academic and employability skills, 
especially in high-demand STEM fields.¹⁹ High school programs 
are managed by Career-Technical Planning Districts, while adult 
programs are operated through Ohio’s Technical Centers.²⁰ CTE 
programs frequently partner with community colleges and local 
businesses to provide opportunities for students to accelerate 
their studies and get a head start in the job field. Students can 
also apply to apprenticeship programs for structured on-the-job 
mentoring and training. The Ohio Department of Job and Family 
Services lists more than 1,100 apprenticeship opportunities in a 
variety of fields, including work with wind turbine technicians.²¹ 
Ohio dovetails efforts with the OhioMeansJobs system, which 
serves as a one-stop shop resource for employers and job 
seekers.²² This system allows businesses to post job openings, 
search resumes, and explore employment programs, while job 
seekers can explore career options, search for jobs and training 
programs, and access resources to help with the job hunt.
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Wind Energy: Jobs and Training Needs
Nationally, wind energy-related jobs are projected to increase by 
300 percent by 2030.²³ Jobs in the wind industry cover a wide 
array of professions, including project development, component 
manufacturing, construction, operations, legal services, data 
analysis, education, training, and research. As a result, compre-
hensive workforce development and education programs that 
foster project management and STEM skills are required to 
successfully fill jobs in the wind energy industry. 

Current Wind Training 
Ohio currently offers a variety of training opportunities that 
specifically address the needs of the wind energy industry. For 
example, Ohio State University’s Agricultural Technical Institute 
offers an associate degree in renewable energy, which includes 
a specialization in the production of wind turbines and solar 
panels.²⁴ Cuyahoga Community College’s Advanced Technology 
Training Center offers a wind energy program as part of its series 
of ten- to eighteen-week programs designed to give workers 
basic skills to succeed in advanced technologies.²⁵ The Knox 
County Career Center provides similar wind industry training, and 
offers financial assistance to cover the program costs to qualified 
applicants.²⁶

 
Wind Technician 
Training 
Opportunities in 
Ohio²⁷
Wind turbine technician 
training courses, degrees, 
and certificates are  
offered at: 

• Eastern Gateway 
Community College

• James A. Rhodes State 
College

• Kent State University at 
Trumbull

• Lakeland Community 
College

• Lorain County Community 
College

• Marion Technical College
• Owens Community College
• Stark State College of 

Technology
• Terra State Community 

College

Photo Credit. Siemens AG / National Renewable Energy Laboratory



Chapter 5: Workforce Development

AMERICAN JOBS PROJECT 73

Additive Manufacturing: Jobs and Training 
Needs
Additive manufacturing skills are gaining momentum in 
engineering fields: over 35 percent of current engineering job 
listings require skills related to 3D printing.²⁸ Jobs in the additive 
manufacturing industry demand a wide spectrum of skills, 
including engineering printers, manufacturing printing materials, 
and designing new end uses for 3D-printed products. Research 
from the Governor’s Office of Workforce Transformation shows 
that advanced manufacturing will “drive Ohio’s economy now 
and into the future,” which suggests it is considered an important 
industry for the state’s economic future.²⁹

Current Additive Manufacturing Training 
Youngstown State University houses the Center for Innovation in 
Additive Manufacturing, which offers advanced 3D printers for  
use by students of all levels, including those in the new Ph.D. 
program in materials science and engineering.³⁰ America Makes 
hosts interactive courses for those interested in learning more 
about 3D printing, some of which are conducted at its Youngstown 
labs.³¹ America Makes also maintains a resource library on 3D 
printing materials, processes, and education programs. In the 
community college system, the only additive manufacturing 
certificate program currently offered is through Cuyahoga 
Community College. It is a one-year program that prepares 
students for the Society of Manufacturing Engineers’ certificate 
exam and college engineering programs.³²

Photo Credit. RDECOM / Foter / CC BY



74

Policy Recommendations
Ohio policymakers can build upon existing job growth and 
infrastructure investments in these sectors to help the state 
capitalize on opportunities in the advanced energy space through 
workforce development efforts that target skill gaps and specific 
areas of need.

Policy 1: Develop Regional Strategies for 
Allocating Training Programs and Ensure 
Community College Participation in 
Southeastern Ohio 
Led by the Ohio Board of Regents, the state could convene 
representatives from business, industry, and research institutions 
to align training strategies to business and employer needs and 
geographic locations. Focusing on the regional distribution of jobs 
in the wind and energy sector could improve the effectiveness of 
higher education degree programs and training opportunities. 

As a first step, the Board of Regents could identify where different 
components of the additive manufacturing and wind industries 
currently exist in Ohio and set up a framework to build out these 
existing industry hubs. For example, northwest Ohio produces 
the vast majority of the state’s wind energy.³³ As a result, there is 
a specific need for workers trained in wind turbine operations and 
maintenance. Local schools such as Owens Community College 
can expand existing wind degree programs to provide additional 
technical and maintenance training programs.³⁴

Next, the Board of Regents and industry leaders can collaborate 
to identify wind and additive manufacturing opportunities in 
the state. More specifically, leaders can determine whether any 
training courses or programs are needed in particular regions 
in order to meet the growing demand for workers. For example, 
the majority of job growth in Ohio’s wind sector will be in wind 
component manufacturing. Northeast Ohio manufactures wind 
turbines, nacelles, blades, and other wind components. Wind 
component manufacturing jobs require workers with a wide skill 
set, including welding, machining, and electrical engineering. 
Community colleges in this region, including Lorain County 
Community College and Cuyahoga Community College, could 
potentially expand and tailor relevant degree programs to provide 
workers with the necessary skills to support local manufacturers. 

Furthermore, given Ohio’s high rate of employment in the 
manufacturing sector and long track record as an industry hub, 
establishing regional degree programs could encourage existing 
companies to expand their operations to include the production of 
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wind turbine components. This investment in education could be 
especially beneficial to regions like southeast Ohio with a history 
of manufacturing but current high levels of unemployment.

Policy 2: Expand Apprenticeship Programs to 
Support and Foster Career Pathways
Apprenticeships empower students to gain valuable on-the-job 
skills, industry-recognized certifications and credentials, and 
incremental wage increases. Ohio has more than 1,100 registered 
apprentice programs managed by the Ohio State Apprenticeship 
Council (OSAC), but this system can be improved through 
increased cooperation among OSAC, businesses, academic 
institutions, and other workforce development programs.³⁵ To 
encourage companies to establish apprenticeship programs, the 
General Assembly could pass a tax credit that would be available 
for each apprentice hired and direct state agencies to work with 
participating companies to tailor requirements, wages, and 
associated curricula based on each company’s needs.

Another effective strategy is to link apprenticeship hours to 
school credits and certifications. Ohio’s Apprenticeship Pathways 
initiative allows students to participate in apprenticeships 
and receive academic credit at the same time. Apprenticeship 
programs in electrical trade, sheet metal, and carpentry have 
existing partnerships with community colleges to provide 
pathways to technical associate degrees. Other programs could 
implement a similar model for advanced energy apprenticeship 
opportunities.³⁹ This model could also be reproduced for high 
school students, allowing them to obtain school credit for 
participating in a registered apprenticeship with an Ohio employer.

By increasing the number and quality of apprenticeships available 
in the state, Ohio can better meet the growing demand for skilled 
workers in manufacturing.

South Carolina’s Apprenticeship Tax Credit 
South Carolina has demonstrated how a small investment in 
apprenticeships can have huge payoffs for workers and the 
state. The state’s successful apprenticeship system offers 
a modest $1,000 state tax credit per apprentice per year.³⁶ 
Registered apprenticeship programs have a significant return 
on investment: over the span of an average U.S. apprentice’s 
career, tax revenues are more than $27 per $1 invested.³⁷ For 
the duration of an apprentice’s career, the estimated social 
benefit outweighs the social cost by more than $49,000.³⁸
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Policy 3: Enable Dislocated Veterans to 
Return to Work
As of 2014, Ohio’s 865,000 veterans represent approximately 7.5 
percent of the state’s total population.⁴⁰ As a major part of the 
state workforce, veterans have suffered significantly from the 
economic crisis and experienced disproportionate unemploy-
ment outcomes compared to state residents as a whole. The 
impact has been especially tough for Ohio veterans who served 
post-9/11. Unemployment rates for this group came in at 11.8 
percent in 2014,⁴¹ much higher than the 5.4 percent for non-
veterans.⁴²

The relatively high unemployment rate of veterans in Ohio offers 
an opportunity to help this skilled population get back to work. 
Notably, 42 percent of former military personnel engaged in 
medium-skill maintenance, machinery, and electrical technician 
work during their service.⁴³ This presents the state with a 
significant opportunity to tap into a well-trained and motivated 
sector of the workforce to contribute to the growth of advanced 
manufacturing and energy clusters.

Ohio can adopt the upSKILL model through partnerships with  
local workforce development boards, community colleges, and  
the Ohio Department of Veterans Services. Local workforce  
boards and colleges could build awareness of high-paying 
manufacturing and maintenance positions in the advanced 
energy industry, especially among the growing wind and 3D 
printing supply chains. Workforce boards can help translate 
veterans’ technical work to civilian practice and disseminate 
information regarding specific technical accreditations and up-

New Jersey’s upSKILL Initiative

Ohio could look to the New Jersey Institute of Technology’s 
upSKILL initiative for a successful example of leveraging 
the veteran workforce.⁴⁴ Funded by the U.S. Department of 
Labor, this program guarantees free job search boot camps in 
resume skill translation from technical military work to civilian 
employment in STEM fields.⁴⁵ The initiative also offers free 
consulting services to determine the best technical degree or 
certification program for veterans based on their past military 
duties. The program then connects veterans to employers 
based on their technical training and the company’s needs.⁴⁶ 
Finally, this program does not require that veterans use 
their G.I. Bill benefits, allowing veterans to save their funds 
for future opportunities to continue their education and 
workforce training.⁴⁷
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and-coming advanced energy jobs. In addition, Ohio could offer 
specialized college orientations for veterans to ensure that they 
are aware of relevant credits and certifications they may have 
already achieved as a result of their prior military service. 

Chapter Summary
Ohio has the potential to expand the state’s wind and additive 
manufacturing energy sectors through targeted workforce 
development initiatives. By developing certificate and degree 
programs around wind and additive manufacturing skills, 
establishing a regional strategy, and increasing apprenticeship 
opportunities, Ohio can prepare its workforce for the advanced 
energy economy.

Photo Credit. PSNS & IMF / Foter / CC BY-NC-SA
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Conclusion
In order to build on Ohio’s success in the advanced energy space 
and position the state for continued growth, policymakers will 
need to make advanced energy a priority. The purpose of The 
Ohio Jobs Project: A Guide to Creating Advanced Energy Jobs is to 
analyze the state’s advanced energy economy in order to create 
recommendations specifically tailored to the state’s needs. The 
policies recommended in this report are complementary and 
intended to help the state grow demand for advanced energy 
technologies, manufacture products within the state, enable 
entrepreneurship for technological advances, fund innovation 
with accessible capital, and equip workers with the skills required 
for the state’s future economy. 

Policy leadership in the advanced energy space can play an 
important role in promoting Ohio’s advanced energy clusters 
and creating quality jobs for Ohioans. Advanced energy clusters 
focused on wind and additive manufacturing offer great 
opportunities for the state to grow its economy, create jobs for 
the state’s residents, and become a leader in the production and 
deployment of advanced energy technology.

If Ohio’s policymakers take swift and purposeful action to grow 
the wind and additive manufacturing clusters, these industries 
can support up to 26,000 jobs annually through 2030.

Ohio has the right mix of strengths to leverage this opportunity. 
With smart, forward-thinking policies, the state can diversify its 
economy and create thousands of middle-class jobs for hard-
working Ohioans. 

For more information about advanced energy technologies and 
best practice policies, visit http://americanjobsproject.us/.
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Extended Learning 
Section
Appendix A: Innovation Ecosystem
Ohio Research Universities¹ 
Highest Research Universities

• Case Western Reserve University
• Great Lakes Energy Institute
• Ohio Wind Energy Research and Commercialization Center
• Think[Box]
• Institute for Advanced Materials

• Ohio State University
• Office of Energy and Environment

• University of Cincinnati

High Research Universities
• Bowling Green State University
• Cleveland State University
• Kent State University
• Miami University
• Ohio University
• University of Akron
• University of Dayton
• University of Toledo
• Wright State University

Doctoral/Research Universities
• Ashland University
• Union Institute & University

Ohio-Based Hackathons
• OHI/O
• Kent Hack Enough
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• ACADIA Hackathon
• The Cleveland Medical Hackathon
• Fix 216
• Hack YSU
• A Call to All: Art & Music Hackathon
• HackCWRU
• RevolutionUC

Ohio-Based Maker Faires
• Akron Mini-Maker Faire 
• Cleveland Mini-Maker Faire 
• Cincinnati Mini-Maker Faire
• Stark County Mini-Maker Faire
• Kent State Mini-Maker Faire

Appendix B: Jobs Modeling  
Methodology
The American Jobs Project combines existing tools, analysis, and 
projections from several reputable sources to estimate job cre-
ation. Rather than providing a specific estimate, we show jobs 
potential across a range of possible outcomes. Our estimates of 
jobs potential are based on job-years that exist during the analy-
sis timeline of 2016 to 2030.

We believe the key to job creation lies in local action. Our esti-
mates are intended to start a conversation about how local stake-
holders can work together to set their goals and utilize the same 
tools and data that we have used to estimate potential impacts. 

The onshore wind analysis used the Job and Economic Devel-
opment Impacts (JEDI) model and evaluated growth estimates 
across different levels of local spending for Bloomberg New Ener-
gy Finance, EERE’s Wind Vision, and NREL’s Renewable Electricity 
Futures 80 Percent Accelerated Technology Improvement scenar-
ios. Offshore wind also used JEDI and growth estimates across 
different levels of local share spending for EERE’s Wind Vision, 
NREL’s Renewable Electricity Futures’ High Constraint 80 Percent 
Renewables, and estimates from the Great Lakes Wind Collabora-
tive. The 3D printer manufacturing and 3D printing services anal-
ysis utilized IMPLAN and industry growth estimates and bench-
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marks from IBIS World to generate impacts across different levels 
of U.S. market share.

Tools for Economic Impact Analysis
A number of modeling tools are available for estimating econom-
ic impacts from advanced energy industry growth. The most 
commonly used are: the Jobs and Economic Development Impact 
(JEDI), Impacts for Planning (IMPLAN), and the Regional Economic 
Models, Inc. (REMI) models. In this report, we employ the JEDI and 
IMPLAN models. Results from the JEDI model only show job gains 
and do not evaluate losses in other industries. They are based 
on approximations of industrial input-output relationships, and 
do not include intangible effects. The JEDI model is widely used 
because it estimates construction and other projects’ economic 
impacts at the local (usually state) levels. IMPLAN estimates the 
economic impact of a dollar invested into a sector and the result-
ing ripple, or multiplier, effects. Multipliers generate the econom-
ic impacts of the project across three different categories: direct, 
indirect, and induced. Not all advanced energy technologies can 
be modeled with JEDI. In these cases, IMPLAN is used. 

It is important to note the limitations of these modeling meth-
ods. As mentioned, the estimates shown are only gross job-year 
creation and we only include job-years that exist within the time-
frame of our analysis. Job losses in industries that compete with 
those in our analysis are not evaluated. Models do not dictate be-
havior, so indirect and induced jobs estimates could vary greatly 
based on the reality of what is actually purchased locally. Also, 
foreign and domestic competition can play a significant role in 
limiting the potential for job creation. The estimates presented 
in this report are highly dependent on sustained local action to-
wards developing and maintaining these industries. 

Estimates Used in the Economic Impact  
Analysis

Onshore and Offshore Wind
JEDI was used to estimate jobs potential for the onshore and off-
shore wind industry in Ohio. We show the jobs potential from sev-
eral scenarios based on different percentages of local share, i.e., 
how much of the total industry supply chain and expenditures 
could occur in the state to serve local and national demand. In 
the report, we show a range of local shares: 25 percent to 75 per-
cent. What this number will be is dependent on the options and 
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incentives for purchasing local goods and hiring local firms to pro-
vide services. We assume the most reasonable market would be 
in-state demand for onshore wind development. We also assume 
that if Ohio develops the offshore wind manufacturing base, the 
Buckeye state could serve the entire U.S. Great Lakes region with 
their products and specialized workforce, including Minnesota, 
Wisconsin, Illinois, Indiana, Michigan, New York and Pennsylva-
nia. Canadian offshore wind demand in the Great Lakes is not 
included, but should be considered as another potential market 
for an offshore industry based in Ohio. Job-years included in this 
analysis represent all job-years that could exist during the time-
frame of 2016–2030. 

Wind Vision
The Wind Vision Study Scenario is a scenario that extends wind 
deployment trends, leverages the domestic wind industry man-
ufacturing base, and complements the broader literature. The 
Study Scenario is represented by wind power penetration levels 
of 10 percent by 2020, 20 percent by 2030, and 35 percent by 
2050 and includes projections for other renewable energy sourc-
es.  Study Scenario impacts are compared to a Baseline Scenario 
in which wind capacity is fixed at 2013 levels. This allowed the 
team to identify and quantify impacts for future wind deploy-
ment. The assessment was the work of more than 100 individuals 
from major stakeholder sectors (government, industry, electric 
utilities, and nongovernmental organizations), conducted over a 
two-year period from 2006–2008. The study analyzed wind ener-
gy’s potential contributions to economic prosperity, environmen-
tal sustainability, and energy security. 

National Renewable Energy Laboratory: Renewable 
Electricity Futures
The National Renewable Energy Laboratory's Renewable Electric-
ity Futures Study examines the extent to which renewable energy 
supply can meet U.S. electricity demands over the next several 
decades.⁵

The study explores electricity grid integration using mod-
els with unprecedented geographic and time resolution for 
the contiguous United States to assess whether the U.S. 
power system can supply electricity to meet customer 
demand on an hourly basis with high levels of renewable 
electricity, including variable wind and solar generation.⁶
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The study explores very high renewable electricity generation 
levels between 30 percent and 90 percent of all U.S. generation 
in 2050, with a particular focus on 80 percent.⁷ The Incremental 
Technology Improvement scenario was used for our projections. 

For offshore wind, the High Demand with 80 Percent Renewables 
by 2050 and High Constraint forecast was used. For onshore 
wind, the Baseline Demand with 80 Percent Renewables by 2050 
and Accelerated Technology Improvements forecast was used.

Bloomberg New Energy Finance
Bloomberg New Energy Finance (BNEF) has projected the medi-
um-term outlook for U.S. power based on research, market pro-
jections, data from the U.S. Energy Information Administration, 
and interviews with industry stakeholders.⁸ These projections 
are updated and published annually, though the back-end data 
is private and not shared except by permission. BNEF graciously 
provided the data to us on the condition we would not publish 
it and only use it for our economic impact analyses. This in no 
way implies an endorsement of our project or our projections by 
BNEF. 

Great Lakes Wind Collaborative
The Great Lakes Wind Collaborative considered three offshore 
wind development scenarios examining different levels of capaci-
ty installed, regional supply chain development, and construction 
and operation costs.⁹ Development scenarios were crafted using 
insight from regional renewable energy experts. Installations 
range from a low of 1000 MW by 2030 to a high of 5,000 MW by 
2030. The high forecast was used in our offshore wind analysis.

3D Printer Manufacturing and 3D Printing 
Services
3D printer manufacturing and 3D printing services job-year esti-
mates used IBIS World industry data for those industries.¹⁰,¹¹ Di-
rect jobs were estimated using IBIS World industry benchmarks 
for average revenue per employee. Induced jobs from direct em-
ployee spending were estimated through IMPLAN. IBIS World 
benchmarks for average employee wages were applied to the es-
timated number of direct employees and added to local spending 
in IMPLAN for an estimate of induced jobs. Some industry bench-
mark spending from IBIS World was not included in this estimate, 
such as rent and utilities, marketing, supply chain purchases, 
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and “other expenses.” Jobs potential is shown across a range of 
U.S. market share that could be served by the state of Ohio. The 
report graphs focus on Ohio-manufactured 3D printers and 3D 
printing service companies that serve between 4 percent and 10 
percent of U.S. demand, an achievable range of goals given Ohio’s 
current market share of 4 percent.¹²
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