The West Virginia Jobs Project:
A Guide to Creating Jobs in
Industrial Energy Efficiency

1

A Letter from the American Jobs
Project
It is 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 Of the millions of jobs lost
during the recession, most were good-paying, middle-class jobs.2 Unfortunately,
many of the jobs created during the recovery have been in low-skill, low-paying
occupations.3 These trends are not going to reverse themselves unless there is a
targeted focus on high-growth, advanced industries. 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 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 concern over terrorism.
Hu Jintao’s response was telling—what kept him up at night was “creating 25 million
new jobs a year” for his people.4
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 guide to 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 and advanced energy enabling solutions. The
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world has embarked on a historic energy transformation and the United States
plays a crucial role in accelerating the energy transition. Whether borne out of a
need for diverse, reliable, and clean power or to achieve energy independence from
unstable regimes, the growing demand for advanced energy and its enabling
technology creates “the mother of all markets” for local U.S. businesses to build and
sell those solutions.5 Strategically minded businesspeople looking at global growth
projections in advanced energy demand are making major investments and reaping
large revenues. In 2015, the private sector reported nearly $1.4 trillion in global
advanced energy revenues.6 Advanced energy investments are now bigger than the
global apparel sector and nearly twice the size of the global airline industry.7 And
jobs? At least 9.4 million people were employed in the global advanced energy
sector in 2015, and doubling the share of renewables could nearly triple
employment.8 The question for the United States is: Where will those new jobs be
created?
The American Jobs Project is focused on 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 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 Americans 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 the traditional
manufacturing jobs of the past; those jobs are gone—either to low-wage countries
or to automation—and we must accept the fact that they are not coming back.9 But
our research shows that with innovative policies and a smart focus on industrial
sectors, states can become global hubs of innovation and create new jobs in
advanced industries that capitalize on each state’s strengths.
The American Jobs Project gives policymakers the tools to spur economic growth
and create good-paying jobs in their states. Our analyses chart pathways designed
to accelerate and expand a state’s advanced energy economy. We propose
innovative solutions built on extensive research and tailored to each state. Many
are best practices, some are new, and all are centered on a state’s business
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ecosystem. These solutions are written with an eye towards streamlining
bureaucracy and are seasoned with the principles of competition, local control, and
fewer regulations.
The American Jobs Project will empower state leaders to build prosperous and
equitable advanced energy economies that will transform our nation’s energy
future. If these recommendations are adopted, the beneficiaries will be those hardworking Americans looking for the dignity of a good-paying job.
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About Us
The American Jobs Project
The American Jobs Project is a nationally focused, research-based project managed
by the American Jobs Initiative, a nonprofit organization dedicated to U.S. economic
growth through advanced industries. The organization is driven by six core team
members and has received support from nearly one hundred student researchers
with a broad range of expertise, including law, business, engineering, and public
policy. The American Jobs Project brings best practice strategies and innovative
ideas from around the globe to local and state governments and stakeholders,
developing bottom-up strategies that create good-paying jobs in the advanced
energy industry.

West Virginia University, Center for Energy and
Sustainable Development
The Center for Energy and Sustainable Development is based in the West Virginia
University College of Law and conducts research on energy and environmental
public policy issues pertinent to West Virginia and its residents. The Center focuses
its efforts on training the next generation of energy and environmental lawyers,
promoting sustainable practices and the development of clean energy technology,
and encouraging utility leadership in clean energy deployment.

8

Acknowledgments
This report would not be possible without the support of The JPB Foundation, Incite
Labs, the Berkeley Energy and Climate Institute, the Fung Institute, and the Center
for Information Technology Research in the Interest of Society.
We extend our sincere gratitude to individuals from businesses, government,
nonprofits, utilities, and universities for meeting with us, exploring ideas,
participating in working groups, collaborating on the report, and sharing their vision
for the future.
START CALL OUT BOX
Dozens of hands were involved in the process of researching, writing, designing,
and reviewing the report. Kate Ringness and Laura Hobbs were the lead editors.
Rachel Young, Jackie Kimble, Rob Purviance, Tiffany Wong, Wes Adrianson, and
Andrew Miller were supporting researchers and authors. Henry Love was the lead
analyst and Amariah Baker was the graphic designer.
END CALL OUT BOX
We are especially grateful to James Van Nostrand of West Virginia University (WVU)
for his guidance. The authors and editors thank the following individuals and
organizations—in addition to those who respectfully chose to remain anonymous—
for offering their insight and perspectives on this work.
Anne Barth, TechConnect West Virginia
Bloomery Plantation Distillery
Eric Bowen, Bureau of Business and Economic Research, WVU
Kathy D’Antoni, West Virginia Department of Education
John Deskins, Bureau of Business and Economic Research, WVU
Kevin DiGregorio, Chemical Alliance Zone
David Ellis, Public Service Commission of West Virginia
Karen Facemyer, Polymer Alliance Zone
Bhaskaran Gopalakrishnan, Industrial Assessment Center, WVU
9

Sarah Halstead, West Virginia GreenWorks
Matt Harbaugh, Innovation Corporation, WVU
Carl Irwin, National Research Center for Coal and Energy, WVU
Cathy Kunkel, Institute for Energy Economics and Financial Analysis
David Lieving, Huntington Area Development Council
Jeff Martin, Core10
Rebecca McPhail, West Virginia Manufacturers Association
Emmett Pepper, Energy Efficient West Virginia
Angela Shock, National Research Center for Coal and Energy, WVU
Xavier Walter, Energy Efficient West Virginia
West Virginia Division of Energy

10

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 and enabling technology sectors—and to do so at the state, not
the federal, level. State and local leaders who leverage the unique strategic
advantages of their state to grow localized clusters of interconnected companies
and institutions are poised to create quality jobs. This report serves as a strategic
guide to support those efforts.
Extensive research and more than twenty interviews with stakeholders and experts
in West Virginia have identified industrial energy efficiency as showing particular
promise in the state. Industrial energy efficiency is an extremely versatile industry,
with vast technological applications and services for energy and cost savings within
large energy-consuming facilities. Moreover, energy efficiency can enable
technological innovation, thereby elevating West Virginia’s companies in the
marketplace and creating middle-income jobs for West Virginians.
West Virginia is well positioned to benefit from rising global demand for industrial
energy efficiency products given its large industrial manufacturing base with
chemical and energy efficiency manufacturers, collection of energy-focused
research institutions conducting cutting-edge research on fuel and energy
efficiency, readily available workforce, and incentives for businesses located in the
state. Opportunities to leverage these strengths to further serve growing regional,
national, and global markets offer real benefits for the state economy and West
Virginia’s residents.
However, there are several barriers hindering West Virginia’s energy efficiency
industry and preventing its supply chain companies from reaching their full
potential. These barriers to growth range from inadequate access to capital for
innovators and entrepreneurs looking to start a business in the advanced energy
sector to limited energy efficiency incentives targeted at the unique needs of
11

industrial customers. West Virginia must address these roadblocks in order to
become a competitive hub for energy efficiency.
To take full advantage of these opportunities, state leaders can pursue strategies to
create a strong foundation for industry growth and to help West Virginia businesses
grow, innovate, and outcompete regional, national, and global competitors. With
forward-thinking policies, West Virginia’s energy efficiency industry could support
6,100 direct, indirect, and induced manufacturing and supply chain jobs, on
average, annually from 2017 through 2030. Jobs in the energy efficiency sector and
related industries will spark local job growth and economic development as
employees spend their earnings in the local economy.

Summary of Recommendations
The analysis presented in this report culminates in recommendations for West
Virginia’s leaders based on best practices in the United States and abroad. Each
recommendation identifies opportunities for barrier removal and future growth in
the industrial energy efficiency sector. The recommendations are intended to be
complementary and would be more powerful if adopted as a package. Alternatively,
each recommendation can also be viewed as a stand-alone option.

Strategically Expanding West Virginia’s Industrial Energy
Efficiency Sector and Supply Chain Companies
Partner with Industry Associations to Create an Energy Efficiency Industry
Working Group: Leveraging the strong, existing industry associations in West
Virginia to expand awareness of West Virginia’s emerging industrial energy
efficiency cluster.
Strengthen and Expand West Virginia’s Foreign Direct Investment Strategy:
Establishing West Virginia as an international hub for industrial energy efficiency
manufacturing.
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Create an Anchor Company Tax Credit: Providing in-state anchor companies with
strategic incentives to help recruit companies to the state to bolster the industrial
energy efficiency supply chain in West Virginia.

Fostering a Strong Innovation Ecosystem
Leverage Philanthropic Funding Via a Foundation Liaison: Partnering with private
foundations to fund advanced energy incubators and university programs devoted
to industrial energy efficiency.
Co-Sponsor a Hackathon to Ignite West Virginia’s Entrepreneurial Culture:
Promoting and growing an innovation culture within West Virginia’s research
institutions.
Encourage Commercialization of Cutting-Edge Research: Streamlining the
commercialization process for small businesses, researchers, and entrepreneurs to
facilitate more rapid technology transfer to market.

Leveraging Local Assets to Increase Access to Capital for
Growing Companies
Develop Relationships with Foundations Engaging in Program-Related Investment:
Leveraging the resources and missions of large, national foundations to support instate advanced energy companies.
Create Tax Incentives for Investment in Startups: Providing a capital gains tax
exemption to investors in West Virginia’s small businesses to foster growth.
Coach Businesses on How to Solicit Capital: Training entrepreneurs to create
effective pitches to raise capital.
Establish a State Fund of Funds to Stimulate the Investment Environment:
Reducing investment barriers for early-stage companies by improving access to
patient capital.
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Aligning Training Programs to Meet the Needs of Industry
and Serve Students
Support Career-Connected Learning: Expanding opportunities for career-connected
learning through early college programs and youth apprenticeship programs to
increase the number of skilled graduates.
Encourage High School Partnerships with Community and Technical Colleges:
Providing students with the resources necessary to better understand all their
postsecondary education options.
Align Community College Efforts with Private Sector Needs: Creating strong
partnerships between employers and local community colleges to increase the
number of skilled workers in the state and ensure that students have the skills
necessary to succeed in today’s economy.

Creating

Demand

for

Industrial

Energy

Efficiency

Technology by Increasing Deployment
Offer Industrial Energy Efficiency Tax Incentives to Manufacturers: Reducing the
upfront cost of energy efficiency investments while also encouraging
manufacturers to expand and upgrade facilities.
Participate in a Regional Energy Efficiency Organization: Tapping into regional
network-based organizations to advance West Virginia’s industry potential through
information sharing and collaboration.
Incentivize
Industrial
Energy
Efficiency
Using
Energy
Performance
Indicators: Establishing energy efficiency targets as a way to encourage utilities to
invest in load reduction practices such as energy efficiency and lower the financial
burden on ratepayers in the long run by reducing utility investments in new
generation.
Implement a Utility Energy Efficiency Resource Standard: Establishing energy
efficiency targets to reduce the financial burden on ratepayers.
14

Enable Local Energy and Efficiency Partnership Programs for Commercial and
Industrial Energy Efficiency: Establishing a comprehensive energy financing option
to help industrial customers who want to invest in energy efficiency equipment.

15

Introduction
The American Jobs Project aims to spur job creation in the advanced energy sector
by identifying innovative and state-specific policies and non-legislative solutions.
This national initiative takes advantage of the emerging global demand for
advanced energy and related products. The American Jobs Project team analyzed
the advanced energy economy in West Virginia and designed recommendations
specifically tailored to the state. These recommendations are informed by extensive
research and over twenty interviews with local stakeholders and experts.
This report identifies opportunities to stimulate growth in an advanced energy
economic cluster that leverages the state’s legacy industries, current investments,
and entrepreneurial business development activities. State and local leaders who
are seeking to build upon the state’s resources to create skilled, good-paying jobs
can use this report as a foundation for action.
START CALL OUT BOX
What is Advanced Energy?
Advanced energy diversifies energy sources, uses energy more productively, and
reduces health and environmental costs. All sources, technologies, products, and
services that help meet the need for affordable, secure, and clean energy are
advanced energy. For example, advanced energy encompasses renewable energy
sources, such as solar, wind, hydro, geothermal, and biofuels. Advanced energy
also incorporates technologies and services that improve energy efficiency or make
energy available when needed, such as photonics, smart buildings, energy storage,
demand response, and smart grids. Other technologies and products that reduce
energy consumption include electric vehicles, efficient industrial processes, and
airplane bodies made of lightweight composites.
END CALL OUT BOX
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Why Advanced Energy?
Demand for advanced energy has soared in recent years and is poised for
continued growth. In 2015, investment in the advanced energy sector totaled $329
billion worldwide, more than five times the total in 2004.10 In the United States
alone, over $323 billion was invested in advanced energy between 2010 and 2015.11
In nationwide polls, Americans increasingly support renewables over other forms of
energy.12 Projections show that by 2030, renewables could account for 27 percent
of the U.S. energy mix and roughly 50 percent in the power sector alone.13 These
trends point to a clear market signal: demand for advanced energy will continue to
grow substantially and create opportunities for investment and job growth.
Furthermore, the advanced energy sector fosters many good-paying, middle-class
jobs. In 2016, nearly 3.3 million employees were engaged in the national advanced
energy industry, including low-carbon generation (800,000), energy-efficient
products and services (2.2 million), and alternative fuel vehicles (259,000). 14 In
particular, in 2016, solar and wind employment grew by 25 percent to 374,000
workers and 32 percent to 102,000 workers, respectively.15
Many advanced energy jobs are in the manufacturing sector,16 which offers higher
wages for the U.S. workforce and stimulates local job growth. Manufacturing jobs
average an hourly wage of $26, over three times the federal minimum wage.17
Thus, the average manufacturing worker in advanced energy is in the middle
class.18 For each U.S. job created in manufacturing, 1.6 new jobs in local goods and
services are supported.19

Why Economic Clusters?
“Clusters are geographically close groups of interconnected companies
and associated institutions in a particular field, linked by common
technologies and skills.”
Michael E. Porter, Clusters of Innovation20
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Economic clusters encompass a variety of linked industries and institutions—
including suppliers of specialized services, machinery, and infrastructure—which
form a supply chain.21 Clusters also extend to manufacturers of complementary
products and to industries related in skills and technologies. By placing themselves
near industry allies, companies can benefit from each other’s unique expertise and
a trained workforce.22 Companies in a cluster enjoy access to specialized assets,
which helps increase productivity and efficiency.23
Geographic proximity and repeated exchanges of information help foster an
environment of coordination and cooperation among these companies and
institutions. Business clusters are shown to increase the productivity of companies,
drive innovation in the field, and facilitate the commercialization of this innovation
by increasing communication, logistical support, and overall interaction between
cluster entities.24 By having a close network of suppliers and partners, companies
can reap the benefits of greater operational efficiency and reduce costs.25 Clusters
also help build a strong foundation for creating employment opportunities and
retaining jobs.
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Key Cluster Elements
Economic clusters require several critical assets to coordinate for growth. In today’s
competitive, globalized economy, businesses are more likely to thrive in cities and
states that offer a rich innovation ecosystem, provide fertile grounds for capital
investment, and boast a highly skilled workforce. 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. Seamless connections between
researchers, entrepreneurs, and investors are vital to the success of advanced
energy technology companies—bringing innovative ideas to the marketplace
quickly and efficiently. Trained and skilled workers are also fundamental to the
success of an economic cluster. A thoughtful, sector-based workforce development
approach that engages industry and related nonprofits can ensure businesses are
equipped to identify employment needs and schools prepare workers with the
skills needed to fill available jobs.
START CALL OUT BOX
Local Demand
Local demand is not essential for cluster development, but it can help to establish a
geographic base. In the energy efficiency industry, a state may benefit from having
robust energy codes and standards to build a local company base that could then
expand to regional, national, and global markets. However, if local adoption of
energy efficiency products is slow, the state can tap into broader markets to drive
cluster development.
END CALL OUT BOX

Jobs Potential of Cluster Growth
Clusters can foster a large number of direct, indirect, and induced jobs by
stimulating economic activity in a region. Maximizing job creation is highly
19

dependent on local activity. Workers in manufacturing clusters earn income from
sales made throughout the region or nation, bringing out-of-state dollars into the
local community. Increased local demand supports additional local jobs and income
at other value chain companies in areas such as installation, operations, and
maintenance. These dollars are spent and re-spent in the local economy, creating
and maintaining additional jobs in grocery stores, restaurants, medical providers,
and other sectors. Because energy efficiency technologies typically generate cost
savings, more money is available to spend in the local economy. The result is the
multiplier effect where a dollar of earning in a cluster circulates throughout local
businesses and their employees, creating an impact greater than the initial
injection.26 Therefore, promoting an economic cluster by recruiting manufacturers
and their suppliers will result in an economic impact many times greater than the
direct earnings impact.

Report Structure
The West Virginia Jobs Project: A Guide to Creating Jobs in Industrial Energy Efficiency
begins by highlighting West Virginia’s economic opportunity to build a globally
competitive industrial energy efficiency cluster. The next section gives an overview
of the industrial energy efficiency industry and specific technologies that West
Virginia could leverage. Then, the report outlines West Virginia’s cluster
development assets to support the innovation ecosystem, access to capital, and
workforce development. The analysis culminates in an assessment of the job
growth potential of the state’s industrial energy efficiency industry and policy
recommendations tailored to West Virginia. A fully cited version of the report is
available on the American Jobs Project website at http://americanjobsproject.us/.
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The Opportunity for Industrial
Energy Efficiency in West
Virginia
What is Industrial Energy Efficiency?
Industrial energy efficiency is the process of reducing the amount of energy needed
to manufacture and distribute products. Energy efficiency measures can range
from installing efficient technologies and equipment to adopting energy-saving
practices. In energy-intensive industries, such as chemical manufacturing, energy is
often wasted via heat loss and inefficient technology, driving up costs for
businesses. On average, 30 percent of the energy used in U.S. commercial and
industrial buildings is used inefficiently or unnecessarily.27 Improving the energy
efficiency of those buildings by just 10 percent would save building owners a
combined $40 billion annually.28 Increased industrial energy efficiency improves
business competitiveness by lowering production costs.
START CALL OUT BOX
Industrial vs. Commercial
The industrial sector comprises the goods-producing segment of an economy and
includes manufacturing and construction.29 Commercial establishments encompass
all other workspaces that do not produce goods, including stores, hotels, offices,
and restaurants.
END CALL OUT BOX
The industrial sector consumes the largest share of energy in the United States and
this share is expected to grow. 30 Energy supports numerous technologies and
processes in the industrial sector. Five percent of energy is used as electricity to
maintain a facility’s lighting, appliances, and heating, ventilation, and air
conditioning

(HVAC)

system. Fifteen

percent

powers

equipment-handling
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applications and motor-driven equipment like pumps, air compressors, fans, and
combined heat and power (CHP) generation. The remaining energy goes into
process-related applications, such as process heating or chemical processes. 31
Optimizing these energy-intensive components could drive down operational costs,
increasing the potential for improved profitability for manufacturers. Industrial
energy efficiency products and services primarily target energy reductions in
building maintenance and motor-driven equipment.

START CALL OUT BOX
Across the country, nearly 200,000 factories, refineries, and other plants consume
more than 30 quadrillion BTUs of energy, nearly one-third of the total energy
powering the nation.32 Eighty-five percent of that industrial energy use is attributed
to manufacturing.33
END CALL OUT BOX

START IN TEXT BOX
Technologies Relevant to Industrial Energy Efficiency
•

Motors and variable frequency drives

•

Efficient air compressors

•

Heating, ventilation, and air conditioning (HVAC)

•

Equipment and facility insulation

•

Facility monitoring devices

•

Lighting

•

Combined heat and power (CHP)

END IN TEXT BOX

START CALL OUT BOX
Least-cost Energy Resources
Energy efficiency is a least-cost energy resource, meaning it is less expensive for
utilities to invest in than traditional system resources, such as new power plants or
transmission and distribution infrastructure. 34 Large commercial and industrial
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energy efficiency programs are the cheapest energy resource available, typically
between 2 and 3 cents per kWh.35
END CALL OUT BOX

What Does Industrial Energy Efficiency Mean for
West Virginia?
Revenue for West Virginia Exporters
Global market trends present an opportunity for West Virginia’s industrial energy
efficiency industry to sell its products in a growing market. Global energy efficiency
investment reached $221 billion in 2015, an increase of 6 percent from the year
before.36 The global industrial energy efficiency services market is projected to
grow by more than 6 percent between 2016 and 2020,37 and growth in the services
market suggests similar trends for products that service providers will implement
and install. Within the United States, building efficiency is the largest sector in the
advanced energy economy,38 and many building efficiency products have industrial
applications.
START IN TEXT BOX
Spotlight: Demand for Insulation
In 2016, advanced materials and insulation accounted for approximately 292,000
employees, or over 15 percent of total energy efficiency employment. 39 The
insulation industry is projected to grow as well; the urethane foam manufacturing
industry alone is expected to grow at an annualized rate of 1.5 percent to $12.3
billion through 2022. 40 Twenty-six percent of foam products contribute to
insulation.41 Demand for residential and nonresidential construction is expected to
increase sales of urethane products for insulation.42
END IN TEXT BOX
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Cost Savings for West Virginia Companies
In addition to reaping the economic benefits of growing global demand by
becoming a major exporter of industrial energy efficiency technologies, West
Virginia could benefit from lowering the operating costs of its industrial companies
through energy efficiency. With an average of 30 percent of the energy used in U.S.
commercial and industrial buildings used inefficiently or unnecessarily,43 industrial
energy efficiency presents significant energy and cost savings opportunities for
West Virginia’s large energy customers. Improving the energy efficiency of West
Virginia’s industries could help eliminate capital and resource waste and make West
Virginian products more cost competitive in regional and national markets.
In 2014, West Virginia’s industrial sector accounted for 293 trillion BTUs, which is 40
percent of all energy consumed in the state.44 Although West Virginia ranks thirtyeighth in total energy consumption nationally, the state ranks eleventh in per capita
consumption.45 This is due, in part, to the state’s industrial sector, which consumes
the most energy in the state.46 Some of West Virginia’s largest industries, such as
chemical manufacturing, are the most energy-intensive industries in the United
States.47 Optimizing the energy efficiency of industrial processes could result in
both energy and cost savings for companies.48

Cost Savings for West Virginia Utility Customers
Investing in energy efficiency could decrease costs for utility ratepayers as well. The
electricity saved through energy efficiency displaces the need for utilities to invest
in new electricity generation. At 2 to 3 cents per kWh, industrial energy efficiency
programs are substantially less expensive than generation, which typically costs
utilities double or triple the price.49 Utilities could transfer these cost savings to
customers in the form of lower utility bills.
START CALL OUT BOX
Energy Efficiency Measures Meet Demand Growth
In the Pacific Northwest, utilities have met over half of the region’s electricity
demand growth since 1978 with energy efficiency.50
END CALL OUT BOX
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Good-Paying Jobs for West Virginia Residents
West Virginia has historically struggled with persistently low median household
income and high levels of poverty, and this trend continues today.51 In 2015, West
Virginia had the second-lowest median household income in the country at $42,824
and more than one in six West Virginians lived below the poverty level.52 Moreover,
labor force participation fell to 53 percent in 2015, the lowest level seen in the state
since the late 1980s, and almost 10 percentage points below the national average.53

START IN TEXT BOX
Lost Coal Jobs
Compared to other states, West Virginia lost the most coal mining jobs in 2014 and
2015, decreasing by an average of 1,951 employees (9.6 percent) and 2,840
employees (15.5 percent), respectively.54 The decline in the coal industry has not
affected communities uniformly across the state. Rather, the majority of the
industry’s decline has been felt in the southern coalfields, where production has
fallen by as much as 67 percent.55 Coal production in the north, on the other hand,
has increased slightly.
END IN TEXT BOX

In 2015, manufacturing made up 7 percent of total employment in West Virginia
and 10 percent of the state’s total economic output.56 Chemical manufacturing, in
particular, accounts for 20 percent of those manufacturing sector jobs and nearly
40 percent of the sector’s total manufacturing output.57 Over the last ten years,
West Virginia’s manufacturing sector lost 14,200 jobs.58 However, recent growth in
natural gas production has improved prospects for the chemical and polymer
manufacturing sector, which includes nearly 140 companies in West Virginia that
employ 12,800 workers.59 As the state’s second-largest exporting industry after
coal, 60 chemicals and polymers make up approximately 25 percent of West
Virginia’s $4.8 billion export market. 61 Industrial energy efficiency presents a
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significant end-use market opportunity for these businesses, as chemicals and
polymers serve as inputs for a number of energy-efficient products, such as
polyurethane spray foam. Therefore, growth in industrial energy efficiency could
lead to growth in chemical and polymer industries as well.

START CALL OUT BOX
Manufacturing’s Multiplier Effect
Manufacturing creates a multiplier effect, meaning that manufacturing activity in
West Virginia helps create jobs and economic opportunities in other parts of the
economy. West Virginia’s polymer industry, for example, directly employed 8,000
people in 2009, and was indirectly responsible for an additional 14,630 jobs as a
result of the multiplier effect.62
END CALL OUT BOX

START CALL OUT BOX
Interstate Competition for Labor
West Virginia’s unique geography forces the state to constantly compete with
neighboring states to retain businesses. Most of West Virginia’s largest cities are
close to neighboring states, including Huntington, Morgantown, Parkersburg, and
Wheeling. When the business climate is not accommodating enough in one area,
businesses can relocate to another state without leaving the metro area. The
proximity means that West Virginian workers sometimes have to compete with
residents of neighboring states for jobs in the same metro area.
END CALL OUT BOX
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West Virginia’s Competitive Advantage
West Virginia’s natural resources, strong industrial base, and legacy as an energyproducing state make it a prime location for industrial energy efficiency product
manufacturing and energy efficiency retrofits.

Robust Chemical Industry
The West Virginia chemical industry is already a driver of economic activity in the
state due to a local abundance of natural resources, such as the Marcellus and
Utica shale natural gas deposits.63 The chemical industry uses this readily available
feedstock to manufacture critical inputs for energy efficiency products. West
Virginia chemical companies could become the largest input providers for energyefficient products, such as insulation. In addition, the chemical industry is one of
the most energy-intensive industries, meaning it could be a significant market for
these products. Performing energy efficiency upgrades would create more costcompetitive chemical products and reduce energy waste.

START IN TEXT BOX
Large energy consumers such as chemical manufacturers and energy producers
could improve the efficiency of their industrial facilities through a variety of
technologies and processes. For example, they could:
•

Apply equipment, pipe, wall, and ceiling insulation to reduce energy required
to maintain temperatures

•

Install sensors, energy meters, and monitors to identify leaks and
inefficiencies, in order to better optimize energy usage

•

Replace inefficient motors with premium efficiency motors

•

Substitute inefficient lighting with LED lighting

END IN TEXT BOX

START CALL OUT BOX
Natural Gas Boom in West Virginia
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Natural gas production continues to increase in West Virginia, thanks to highly
productive wells in the Marcellus and Utica Shale. GDP from natural gas will soon
equal that of coal, a significant climb from only one-tenth of GDP from coal less
than a decade ago.64 In 2015, West Virginia was the eighth-largest natural gas
producer in the United States, producing more than 1.3 trillion cubic feet of natural
gas.65
END CALL OUT BOX

Strong Regional Market
West Virginia’s location within the Ohio River Valley region creates an opportunity
for the state to become a leader in the industrial energy efficiency sector as well.
The regional supply chain is rich with manufacturers, creating a sizeable and easily
accessible market for West Virginian companies. West Virginia’s central location—
within overnight trucking distance of approximately 50 percent of the U.S.
population and about 30 percent of Canada’s—provides in-state manufacturers and
distributors the flexibility to tap into these regional energy efficiency markets.66
START IN TEXT BOX
Tapping into a Burgeoning Regional Energy Efficiency Cluster
Industrial energy efficiency activity in nearby states, such as Ohio and Pennsylvania,
contributes to an active regional energy efficiency cluster. Johnson Controls, a large
manufacturer of industrial energy efficiency products, including industrial air
compressors and control devices, operates facilities in neighboring Ohio,
Pennsylvania, and Maryland. 67 Moreover, the Consortium for Building Energy
Innovation based at the Philadelphia Naval Yard is an innovation hub for building
energy efficiency solutions.68
END IN TEXT BOX

START CALL OUT BOX
High-Performance Computing for Energy Efficiency
Energy efficiency researchers use high-performance computing (HPC) to examine
energy efficiency technologies through complex modeling and simulations.69 In May
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2017, the DOE allocated nearly $4 million to study the specific capabilities of HPC in
improving energy efficiency across the manufacturing sector. 70 West Virginia is
home to four supercomputers—at NETL, NOAA, WVU, and Marshall University71—
bolstering the state’s eastern and western innovation hubs. This impressive
resource could be leveraged to drive innovation in the industrial energy efficiency
sector.
END CALL OUT BOX

Energy Production Legacy
West Virginia’s legacy as an energy-producing state has resulted in a firm
foundation of research institutions, universities, and industry partners dedicated to
optimizing fossil fuel technology and developing the next generation of energy
resources and technologies. Cutting-edge energy research at West Virginia
University, Marshall University, and the National Energy Technology Lab in
Morgantown has expanded in recent years to include advanced energy fields,
including industrial energy efficiency, and robust collaboration with neighboring
research institutions.

START CALL OUT BOX
Tri-State Shale Coalition
The Tri-State Shale Coalition includes public and private partners from Ohio,
Pennsylvania, and West Virginia and seeks to build a petrochemical hub within the
three states. Drawing upon the unique expertise and natural resources of each
region, the Coalition hopes to attract more industry partners and expand the
possible end-use markets for petrochemicals, such as energy efficiency.72
END CALL OUT BOX

Energy Efficiency Initiatives
West Virginia and its investor-owned utilities operate a limited range of energy
efficiency programs, from financial incentives to no-cost energy assessments. These
programs help lower the upfront cost of energy efficiency upgrades and/or shorten
32

payback periods on equipment, reducing a common barrier to energy efficiency
upgrades and increasing the demand for industrial energy efficiency technology.
While the state offers a range of energy efficiency programs, there is an
opportunity to expand them to be competitive with neighboring states and
incentivize greater in-state efficiency.
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Industrial Energy Efficiency Technologies with
Growth Potential in West Virginia
Insulation
West Virginia has the potential to carve out a competitive advantage in insulation
given its unique base of companies along the manufacturing supply chain. In 2016,
nearly 600 West Virginians manufactured insulation in the state.73 Moreover, there
are a number of large chemical manufacturers in the state that manufacture inputs
for insulation, such as polyurethane. Dow Chemical Company, for example, has a
facility at the South Charleston Technology Park that has developed leading
urethane technologies for building foam applications.74
START IN TEXT BOX
What is Insulation?
Insulation reduces the exchange of heat through many surfaces in homes and
businesses, reducing energy use and operational costs. Insulation is an easy and
inexpensive way to increase the efficiency and performance of an industrial facility
and lower production costs. 75 Industrial insulation targets heat transfers to
minimize any thermal losses in bare equipment, pipes, tanks, and other mechanical
systems. 76 Insulation can also optimize steam distribution systems. Industrial
facilities can benefit from improved air quality and less moisture in the air, both of
which provide health benefits to workers.77
END IN TEXT BOX
Increasing the number of insulation manufacturing firms in West Virginia could
drive significant economic activity in the state. Utilizing the existing resources and
input manufacturers and working to attract new companies could make West
Virginia an insulation manufacturing hub in the region.
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Combined Heat and Power
Combined heat and power (CHP) presents an opportunity for economic growth in
West Virginia, given the state’s energy-intensive industries, its existing base of CHP
installations, and the in-state metal manufacturing necessary for construction. The
large industrial manufacturing base that could benefit from CHP could drive instate demand for the technology. Moreover, the large supply of low-cost natural
gas in West Virginia could help make CHP more cost-effective for industrial users.
Some West Virginia companies are already realizing the benefits of CHP. As of 2013,
West Virginia had 382 MW of installed CHP,78 with the largest CHP facilities at PPG
Industries, Inc. in Natrium, American Bituminous Power LP in Grant Town, Weirton
Steel Corp in Weirton, and West Virginia University in Morgantown.79 Similar to
chemical manufacturing, the metal manufacturing industry has a well-established
place in West Virginia’s economy. In 2015, fabricated metals accounted for 11
percent of total manufacturing employment in the state.80
START IN TEXT BOX
What is Combined Heat and Power?
Combined heat and power (CHP), also referred to as cogeneration, is the
concurrent production of electricity and heat from a single fuel source. CHP
captures the heat that is typically wasted in a conventional power-generating
system and utilizes it to provide process heat,81 improving the energy efficiency of a
facility by up to 40 percent.82
END IN TEXT BOX
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West Virginia could become a leading manufacturer of CHP systems and tap into
this growing market, which is expected to reach an annual market value of nearly
$30 billion by 2023.83 The state is poised to capitalize on this opportunity because
West Virginia’s metal manufacturing industry could contribute the necessary
facilities, equipment, and highly trained workforce. West Virginia’s metal
manufacturing workforce is skilled in metal machinery operation, machine
assembly, and metal fabrication,84 all skills important to working in CHP.
START CALL OUT BOX
Metal Manufacturing in West Virginia
The metal manufacturing sector in West Virginia has experienced levels of
instability in recent years, due to its inextricable connection to the coal industry.85
However, new markets, such as CHP manufacturing, present opportunities to
revitalize and strengthen this legacy West Virginia industry.
END CALL OUT BOX
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West Virginia’s Strengths, Weaknesses,
Opportunities, and Threats in the Industrial Energy
Efficiency Industry
Strengths
•

•

Over 20,000 West Virginians

No state policies designed to
ramp up energy efficiency

efficiency industry

programs

Strong existing chemical industry

•

No legislative requirement for

ecosystem with companies that

utilities to provide energy

manufacture energy efficiency

efficiency programs
•

Small state budget with limited to

materials

no funds to support energy

High-quality Industrial

efficiency projects

Assessment Center provides free

•

•

currently employed in the energy

products and/or critical input
•

Weaknesses

•

Limited pipeline of investment-

energy assessments for qualified

ready entrepreneurs and

industrial customers

businesses

Growing global and national
demand for industrial energy
efficiency in industries where
West Virginia can participate, such
as insulation

•

Readily available, skilled
workforce

•

State-sponsored energy efficiency
programs
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Opportunities
•
•

Significant cost savings available

•

Neighboring states acting quickly

in the local industrial sector

to seize industrial energy

Potential to collaborate on new

efficiency opportunities

product development with the

•

Limited financial incentives for

regional energy efficiency

energy efficiency upgrades

innovation cluster that includes

prevent widespread adoption

Pennsylvania, Maryland, Virginia,
•

Threats

•

Risk of losing federal funding,

and New Jersey

which supports current state-run

Regional energy efficiency

energy efficiency programs

markets offer an avenue to supply
out-of-state demand
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West Virginia Assets to Support
Industrial Energy Efficiency
Innovation Ecosystem
In today’s competitive, globalized economy, businesses are more likely to thrive in
cities and states that offer a rich innovation ecosystem. Innovation ecosystems
promote research and development (R&D), bring new technologies to market, and
incubate early-stage businesses. Innovation leads to high-skilled, local job creation,
and the streamlined transfer of ideas 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. State and local government
institutions, as well as private entities, can take action to maximize the impact of
innovation and support new and expanding businesses in West Virginia.
START CALL OUT BOX
Innovation Ecosystem
•

Promotes research and development

•

Facilitates movement of new technologies to market

•

Incubates early-stage businesses

END CALL OUT BOX

Research and Development Institutions
West Virginia boasts two public universities, West Virginia University (WVU) in
Morgantown and Marshall University in Huntington, both of which are important
resources for the industrial energy efficiency field. The Energy Institute at WVU acts
as a hub for energy-related innovation and connects researchers from across
campus and Marshall University to collaborate on challenges faced by the energy
sector, including industrial energy efficiency. 86 Through the Energy Institute,
researchers work together in research hubs, such as the Energy Materials Science
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and Engineering Program that studies energy-efficient materials and the National
Research Center for Coal and Energy that engages over one hundred WVU faculty
members and research professionals on energy efficiency and other energy
topics.87
The National Energy and Technology Lab (NETL) is an energy laboratory that
conducts research on the efficient use and clean production of abundant fossil fuel
resources, in addition to managing partnerships associated with energy efficiency
innovation. Partnerships focus on energy efficiency in the building, transportation,
and industrial sector. For example, the Solid-State Lighting Project Portfolio
researches methods for increasing lighting efficiency. 88 NETL is owned and
operated by U.S. Department of Energy (DOE) and is a part of the DOE national
laboratory system.89
START CALL OUT BOX
What is Solid-State Lighting (SSL)?
SSL uses light-emitting diodes (LEDs) as a source of illumination, which require less
energy and produce a brighter bulb. SSL will reduce lighting electricity consumption
in the United States by 75 percent by 2035.90
END CALL OUT BOX

Resources to Bring New Technologies to Market
The development and commercialization of energy-efficient technologies require
specific equipment and highly qualified researchers, which can be costly and
difficult to obtain. Fortunately, West Virginia hosts a few incubators and
accelerators with the necessary facilities. The Mid-Atlantic Technology, Research,
and Innovation Center (MATRIC) possesses the technical capabilities in industrial
chemical R&D to create new materials with improved properties, establish more
efficient chemical processes, and reduce environmental impacts of existing
technologies.91 MATRIC’s multi-disciplinary staff contributed to eighty-nine patent
applications between 2008 and 2011.92
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The West Virginia Regional Technology Park (WVRTP), a 258-acre research facility in
South Charleston, boasts 800,000 square feet of premier laboratory space,
specialized chemical plant facilities for production-scale development, engineering
and data processing capabilities, and office and conference space. WVRTP strives to
support the development and commercialization of technologies in the energy and
chemical industries, both of which have direct ties to energy efficiency innovation.93
Multiple tenants reside in WVRTP, including Alpha Technologies and the Advanced
Technology Center.94 The Marshall University Graduate College is located adjacent
to the property. Created as part of West Virginia’s strategic plan for economic
transformation through technology and innovation, WVRTP focuses on energy
technologies, including clean, efficient, and renewable technology.95
START CALL OUT BOX
ChemCeption at WVRTP
ChemCeption, formed by the Chemical Alliance Zone and situated at WVRTP, is the
only chemical-based innovation incubator in the United States. 96 ChemCeption
relies upon the advanced chemical manufacturing facilities at WVRTP to execute
cutting-edge research.
END CALL OUT BOX
The Robert C. Byrd Institute for Advanced Flexible Manufacturing (RCBI) at Marshall
University, South Charleston, and Bridgeport is the only statewide facility that
provides manufacturers with regional access to advanced flexible manufacturing
equipment. The Institute allows individuals and businesses to lease high-tech
equipment, access affordable and customizable technical training programs, and
gain assistance with electronic networking and procurement to create, sustain, and
grow their businesses.97
START CALL OUT BOX
Rubberlite Inc. and RCBI Partnership
Rubberlite manufactures high-quality polyurethane foams and cellular rubber and
composite materials.98 The company has worked with RCBI since the 1990s to meet
management system standards. Over the years, RCBI assisted Rubberlite with a
range of services, from assisting with product certification to developing quality
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management systems.

99

Rubberlite products provide a range of beneficial

properties, including insulation. With manufacturing facilities in Huntington, the
company has grown from two employees in 1986 to 140 employees with over 1,000
customers in forty-three countries across the world.100
END CALL OUT BOX

Resources to Support Early-Stage Businesses
Small businesses can flourish and grow when they are connected to resources that
boost collaborative learning, such as mentors, networks, forums, and workshops.
TechConnect West Virginia (TechConnect) is a nonprofit organization dedicated to
promoting entrepreneurship, innovation, and commercialization in science and
technology in West Virginia. TechConnect’s areas of focus include advanced energy,
chemicals, and advanced materials. 101 In 2015, TechConnect launched ScaleUp
West Virginia to help accelerate the commercialization process for new products
and technologies. Members of the organization include educators, researchers,
industry, and public leaders.102
The WVU BrickStreet Center for Innovation and Entrepreneurship hosts an annual
business

plan

competition,

with

STEM/Technology

designated

as

a

new

emphasis. 103 The competition brings college students from across the state
together to pitch their business ideas to conference attendees in hopes of winning
$10,000, accounting and legal assistance, and an incubator space to grow.104 In
addition, the TransTech Energy Research and Business Development Program
(TransTech) at WVU hosts an annual conference dedicated to promoting businesses
in the advanced energy sector. The conference is part of a larger effort made by
TransTech to strengthen and promote innovation geared towards the advanced
energy industry.
START CALLOUT BOX
WVU’s TransTech Energy Business Development Conference105
• Regional business development conference in Appalachia designed to
promote transitional technologies for a low-carbon future
• Startups pitch companies or projects in specific subject areas
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•
•

Winners receive monetary prizes and technical assistance
Opportunity to network with investors

END CALLOUT BOX

Access to Capital
START CALL OUT BOX
Access to Capital
•

Provides funding for new and growing businesses

•

Connects investors with market opportunities

•

Attracts entrepreneurs

END CALL OUT BOX
Access to affordable capital is essential for entrepreneurs to develop new products,
grow their businesses, bring products to market, and create new jobs. Having
access to investors and non-dilutive capital can be the difference between success
and failure. Capital pricing can make the bottom-line difference in product
affordability and market viability, yet many businesses are unable to secure the
necessary capital to survive the commercialization phase. In 2015, 77 percent of
venture capital funding went to companies in California, New York, and
Massachusetts; businesses in the other forty-seven states had to compete over the
remaining 23 percent, stifling innovation across the country and highlighting the
importance of state policies for new venture capital investments.106
START CALL OUT BOX
Dilutive and Non-Dilutive Capital
Dilutive capital, such as venture capital, reduces shares of ownership in a company.
Non-dilutive capital, such as grants and loans, do not affect firm ownership.
END CALL OUT BOX

Programs and Resources for West Virginia Entrepreneurs
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In 2015, West Virginia had the second-lowest amount of venture capital per capita
in the country.107 Thirteen venture capital deals occurred from Q1 2009 through Q4
2016 totaling $27 million,108 while neighboring Kentucky saw seventy-one deals
exceeding a total of $300 million during the same period. 109 The state also
experiences a limited amount of startup activity, with roughly 5 percent of West
Virginia businesses categorized as startups—the lowest concentration among other
smaller U.S. states.110 However, the rate of new entrepreneurs in West Virginia has
been experiencing an upward trend since 2012.111 To ensure the success of as
many new and growing businesses as possible, West Virginia’s lawmakers could
consider creating policies to attract more diverse capital investments to the state.
START CALL OUT BOX
Appalachian Regional Commission
The Appalachian Regional Commission (ARC) is an economic development agency
dedicated to reinforcing communities and strengthening economic growth
throughout the thirteen Appalachian states.112 Over the years, the ARC federalstate-local partnership has invested over $24 million to support fifty-five projects in
West Virginia, creating or retaining nearly 2,750 jobs and training and educating
over 16,000 West Virginians.113 Over half of ARC’s investment in West Virginia has
gone into entrepreneurial and business strategies to strengthen the state’s
economy.114
END CALL OUT BOX
West Virginia Growth Investment, LLC (WVGI) is a $1.6 million angel fund created in
2013 by twenty-eight individuals and WVU. WVGI has invested all of its available
funds and is not seeking new investments. Rather, the fund hopes to transition to a
larger funding model, Mountain State Capital. Still in development, Mountain State
Capital aims to be a $25 million venture capital fund that is dedicated to investing in
West Virginia businesses.
Formed in late 2011, the West Virginia Capital Access Program (WVCAP) leveraged
over $13 million from the U.S. Department of the Treasury to fund a small business
lending program. 115 WVCAP authorized several organizations to administer the
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funds, two of which are the West Virginia Jobs Investment Trust (JIT) and INNOVA
Commercialization Group. Established in 1992, JIT is a venture capital entity
affiliated with the West Virginia Department of Commerce.116 JIT invests in smalland later-stage companies and favors investment opportunities that create jobs
and facilitate economic diversification. The High Technology Foundation operates
the INNOVA Commercialization Group, a nonprofit investment capital and business
support program that provides a small amount of seed- and early-stage funding to
entrepreneurs and startup businesses, focusing on West Virginia enterprises.117 To
date, INNOVA has invested in seventeen West Virginia companies and provided
technical assistance to over 400 companies and entrepreneurs.118 Natural Capital
Investment Fund is a nonprofit debt fund that typically invests in environmental
projects, using federal Community Development Financial Investment (CDFI)
resources. Woodlands Community lenders, another CDFI-funded institution,
focuses on a three-county region in central West Virginia.
For companies needing affordable non-dilutive capital, the state offers a Loan
Insurance Program to its businesses. West Virginia’s Economic Development
Authority (EDA) can insure up to 80 percent of a bank loan, not to exceed $500,000
with a maximum term of four years.119 Loan proceeds may apply to fixed assets,
inventory, and working capital, but they may not be used for construction loans and
lines of credit.120 In the 2016 legislative cycle, the EDA lost $3.5 million in funding for
its program, reducing its loan insurance capabilities by about 50 percent.121 While
the budget cut did not eliminate the loan insurance program entirely, it reduced its
future potential.122
West Virginia approved equity crowdfunding in 2016. To be eligible for fundraising,
a company must be organized and principally located in West Virginia, and it must
sell exclusively to West Virginia residents.123 Companies cannot raise more than
$1,000,000 in aggregate annual sales via crowdfunding unless they file quarterly
financial statements with the state, in which case the limit is $2 million. Nonaccredited investors may not invest more than $10,000 annually. 124 Finally, all
transactions must go through a West Virginia-based internet portal.125
START CALL OUT BOX
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Equity Crowdfunding
Equity crowdfunding is a mechanism for raising capital that enables a wide span of
individuals to invest in early-stage, unlisted companies, typically using an online
portal, in exchange for a small ownership share in the company.126
END CALL OUT BOX

Workforce Development
START CALL OUT BOX
Workforce Development
• Invests resources in people
• Bridges skills gaps
• Develops training programs and industry partnerships
END CALL OUT BOX
Trained and skilled workers are fundamental to the success of an industrial energy
efficiency 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, they will be better equipped to identify employment needs and find
qualified workers with the necessary skills to fill available jobs.
With high variation in unemployment and underemployment rates across the state
and firms in low employment areas unable to find workers with the right skills,
prioritizing workforce development is essential for the state’s emerging industrial
energy efficiency cluster. West Virginia’s unemployment rate was 5.6 percent in
January 2017, above the national average of 4.8 percent.127 Unemployment, though,
varied greatly across the state. In Jefferson County—located in the eastern
panhandle with close access to Washington, D.C.—the unemployment rate was
much lower than the state average, at 3.4 percent. 128 In Calhoun County, the
unemployment rate was a staggering 15.7 percent.
START IN TEXT BOX
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In order to capitalize on opportunities in the industrial energy efficiency space,
West Virginia’s policymakers can take proactive steps to address skills gaps and
structural challenges in its workforce. A thoughtful sector-based workforce
development approach can 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.129 Leaders in West Virginia
can focus efforts on regions and populations still experiencing high unemployment.
The potential for manufacturing, installation, and maintenance of industrial energy
efficiency products offers the residents of West Virginia the opportunity for goodpaying jobs.
END IN TEXT BOX

Workforce Strengths
West Virginia’s existing workforce development programs, K–12 education system,
and higher education institutions offer a base for professional and technical skill
development, including skills needed in industrial energy efficiency and related
fields.
Through the Simulated Workplace program, high school students are able to gain
practical skills by joining a student-run, simulated company. The program requires
that students adhere to common workplace rules, with a focus on attendance,
safety, and random drug testing. Roughly 24,000 students participate each year in
over 1,200 workplaces.130
Two of West Virginia’s community colleges house Advanced Technology Centers
(ATCs), where students can learn state-of-the-art technology in programs tailored to
meet the needs of regional employers. At BridgeValley Community and Technical
College’s ATC, programs are based on in-state manufacturing industries such as
chemicals and energy. 131 The North Central ATC at Pierpont Community and
Technical College facilitates training in several pathways, including advanced
manufacturing and energy systems operations.132
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START CALL OUT BOX
College Partnerships with Toyota and Dow Chemical
BridgeValley and Toyota collaborated to launch the Advanced Manufacturing
Technician, a work-based, associate degree program. Each week, students spend
two days in class and three days working in Toyota’s Buffalo plant. During the fivesemester program, students are able to earn over $40,000.133 A similar BridgeValley
program for Accelerated Chemical Processing Technology allowed students to work
two days per week at Dow Chemical. After the seven-month program, the first five
graduates began working full-time at Dow Chemical.134
END CALL OUT BOX
While there are workforce development strengths, West Virginia has significant
room for improvement. Low numbers of postsecondary-educated residents, limited
visibility of energy efficiency job opportunities, and lack of coordination between
businesses and community and technical colleges make planning for the jobs of
tomorrow a challenge.
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The Impact of West Virginia’s
Industrial Energy Efficiency
Sector
Companies in West Virginia’s Industrial Energy
Efficiency Supply Chain
In 2016, approximately 20,500 West Virginians worked for businesses along the
local energy efficiency supply chain, providing a solid base from which to grow the
industry.

135

Businesses across the state focus on product development,

manufacturing, distribution, installation, operations, and maintenance. The
advanced materials and insulation sector accounted for 25 percent of employment
in the state’s energy efficiency industry, while traditional HVAC businesses
accounted for nearly 33 percent.136 Sky Insulation in Charleston manufactures and
installs spray foam insulation for buildings, including industrial facilities.137 The TriState Service Roofing and Sheet Metal Group fabricates custom metal HVAC
systems for industrial customers and caters to a broad range of industrial customer
needs.138
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West Virginia’s Energy Efficiency Employment by County139
START CALL OUT BOX
U.S. Energy Efficiency Industry Employment
As of 2016, the U.S. energy efficiency industry employed approximately 1.9 million
workers in 165,000 businesses across the country. 140 Eight percent of those
businesses focus directly on energy efficiency manufacturing.141
END CALL OUT BOX
Global chemical leaders Dow Chemical, Covestro, Bayer Corporation, Chemours,
and Addivant are primary manufacturers of chemical inputs that are essential to
the insulation manufacturing process, and all have locations in West Virginia.142
Analyzing the existing in-state supply chain to identify strengths and gaps is an
essential first step toward growing the industry. Bringing in companies to fill gaps
through foreign direct investment or expanding existing operations could
strengthen the cluster and keep revenue in the local community.
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Company Snapshots
West Virginia’s industrial energy efficiency industry benefits from a diverse group of
businesses, ranging from small supply chain firms to large anchor companies. The
following vignettes showcase two West Virginia companies.
Carbon Innovations (CFOAM Ltd.)
•

Founded in 2016 in Triadelphia143 following Carbon Innovations’ acquisition
of the intellectual property and production facilities used to make CFOAM

•

CFOAM is a carbon-based foam product with applications in industrial,
aerospace, and commercial energy efficiency markets as high-performance
insulation144

•

R&D was performed at Touchstone Research Laboratory, an independent
facility near Wheeling, offering outsourced R&D services to commercial and
government customers145

•

$70 million in research costs were funded by federal grants and internal
funds146

Tri-State/Service Roofing & Sheet Metal Group
•

Founded in 1923 in Wheeling147 with service and metal fabrication locations
now across West Virginia, Maryland, Virginia, North Carolina, and Kentucky148

•

Contractor offering roofing, mechanical, and HVAC services to industrial and
commercial customers149

•

Manufactures HVAC systems and other metal products at in-house metal
shops

•

Roofing services include consultations to ensure maximum energy efficiency
for new roofing systems

•

Mechanical services include audits of existing HVAC units to identify
inefficiencies and installation of new units to ensure low-cost operation150

Job Opportunities in Industrial Energy Efficiency
Manufacturing industrial energy efficiency products depends upon a variety of
trained professionals, including engineers, technicians, assemblers, machinists, and
operations managers. To ensure all positions are filled, a state must have
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comprehensive workforce development and education programs in place. These
are good-paying jobs that require workers with everything from a high school
diploma to an advanced degree. The following tables give a snapshot of the types
of jobs available in the industrial energy efficiency sector.

Industrial Energy Efficiency Jobs Snapshot
Examples of Available Jobs in Industrial Energy Efficiency
Manufacturing Occupations
Industrial Engineers
Design and develop systems for industrial production
management
Industrial Engineering
Assist head industrial engineers with design, production,
Technicians
and testing
Energy Engineers
Design and develop energy-related projects for energy
and cost savings during construction
Industrial Production
Oversee daily operations of manufacturing
Managers
Machinists

Materials Scientists
Materials Handlers

Construction and Building
Inspectors
Energy Auditors
Industrial Machinery
Mechanics
Energy Efficiency Project
Managers
Mechanical Insulation
Workers
Floor, Ceiling, and Wall
Insulators
Heating, Air Conditioning,
and Refrigeration

Operate computer-controlled and mechanicallycontrolled machine tools to produce precision metal
parts
Research chemical properties of composite materials to
develop and test products
Ensure correct assembly of finished goods and assist
with line operations of insulation production
Monitoring Occupations
Evaluate compliance with building codes and regulations
Identify energy conservation measures in building
systems
Install and repair machinery for industrial production
and processing
Plan, organize, and supervise energy efficiency projects
to completion
Installation Occupations
Apply insulating materials to pipes, ductwork, and other
mechanical systems
Apply insulating materials to building structures
Install and repair temperature and air quality control
systems for buildings
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Mechanics and Installers
*Data from U.S. Bureau of Labor Statistics, 2015 Occupational Outlook Handbook and May
2015 State Occupational Employment and Wage Estimates

Spotlight on Industrial Energy Efficiency Jobs
Position

Industrial Engineering Technician

Description

Assists head industrial engineers with design,
production, and testing

Average Hourly Wage in West Virginia

$22.28

Training Needed

Associate degree

Position

Industrial Production Manager

Description

Oversees daily operations of manufacturing

Average Hourly Wage in West Virginia

$51.17

Training Needed

Bachelor’s degree

Position

Materials Scientist

Description
Average Hourly Wage in West Virginia

Researches chemical properties of composite
materials to develop and test products
$45.13

Training Needed

Bachelor’s degree or higher

Position

Energy Auditor

Description

Identifies energy-saving measures in building systems

Median Hourly Wage in West Virginia

$29.89

Training Needed

Certification, on-the-job training

Position

Mechanical Insulation Worker

Description
Average Hourly Wage in West Virginia

Applies insulating materials to pipes, ductwork, and
other mechanical systems
$26.92

Training Needed

High school diploma or equivalent, apprenticeship

*Data from U.S. Bureau of Labor Statistics, 2015 Occupational Outlook Handbook and May
2015 State Occupational Employment and Wage Estimates

START CALL OUT BOX
Industrial Energy Efficiency Jobs Beyond Manufacturing
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Other possible occupations in industrial energy efficiency include energy
management specialists, energy efficiency project designers, construction workers,
and wholesale and manufacturing sales representatives. Moreover, there are many
industrial energy efficiency deployment jobs such as energy auditors, equipment
and insulation installers, industrial energy monitors, and construction and building
inspectors. Unlike manufacturing, deployment jobs can occur in every county,
providing much-needed employment opportunities for residents of small or rural
communities.
END CALL OUT BOX

Potential Job Growth from Industrial Energy
Efficiency Cluster Development
To estimate jobs potential for the West Virginia industrial energy efficiency industry,
we combine existing tools, analyses, and projections from several reputable
sources. Rather than provide a specific estimate, we examine multiple industry
growth scenarios that show the average number of jobs that the in-state
manufacturing industry could support annually from 2017 through 2030, a
fourteen-year timeframe. To generate these estimates, the industrial energy
efficiency analysis utilized IMPLAN, a highly respected regional economic analysis
model maintained by the Minnesota IMPLAN Group. IMPLAN models inter-industry
interactions and the resulting regional economic impacts, including employment.
We present scenarios across two dimensions: supply chain concentration and
national market penetration. The Appendix provides a more detailed description of
our modeling approach and resources used.

START CALL OUT BOX
Direct, Indirect, and Induced Jobs
To estimate the potential economic impact of West Virginia’s industrial energy
efficiency supply chain, we distinguish direct, indirect, and induced jobs.
•

Direct jobs: reflect jobs resulting from initial changes in demand in West
Virginia’s industrial energy efficiency industry.
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•

Indirect jobs: reflect jobs resulting from changes in transactions as supplying
industries respond to increased demand from West Virginia’s industrial
energy efficiency industry.

•

Induced jobs: reflect jobs resulting from changes in local spending as a result
of increased demand in West Virginia’s industrial energy efficiency and
indirect industries.

END CALL OUT BOX
START IN TEXT BOX
Over 6,100 Average Annual Jobs Supported
As global demand for industrial energy efficiency technology increases, West
Virginia’s industrial energy efficiency cluster could grow to serve a larger portion of
national demand than it does currently. By fostering industry growth, West Virginia
could reasonably support over 6,100 direct, indirect, and induced manufacturing
and supply chain jobs, on average, annually from 2017 through 2030. These
projections do not include any installation, operations, or maintenance jobs.
END IN TEXT BOX
Our projections for jobs potential in the industrial energy efficiency sector come
from global estimates of future demand, current estimated national market
penetration for West Virginia’s industrial energy efficiency cluster businesses, and
industry benchmarks for wages and profits. We utilized these inputs to create a
variety of scenarios based on two variables. For one measure, we estimated the
number of jobs supported based on varying levels of West Virginia’s market
penetration. For the second measure, we estimated the number of jobs supported
by varying levels of supply chain concentration.
Market Penetration
Market penetration refers to the amount of sales of a product as a percentage of
the total sales volume for that product. For each technology, we created jobs
estimates based on an estimate of West Virginia’s current market penetration for
industrial energy efficiency products. We then created two additional scenarios in
which West Virginia expands its market penetration to a quarter of the difference
between its current market share and the current state market leader the region,
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and half the difference between its current market share and the current state
leader in the region. A table of these targets is available in the Appendix.
Supply Chain Concentration
Supply chain concentration refers to the level at which West Virginia is able to fill its
supply chain needs from in-state companies. The “Status Quo” scenario is based on
the existing West Virginia supply chain. The “Midpoint” scenario represents the midpoint between the Status Quo and U.S. Equivalent scenarios. The “U.S. Equivalent”
scenario is based on the supply chain concentration that is equivalent to what is
currently available in the U.S. economy per IMPLAN's model.
We suggest that the Median market penetration and the Midpoint supply chain
concentrations are realistic goals for West Virginia. If West Virginia is able to grow
its market share and build a supply chain to these levels, the industry could support
an annual average of over 6,100 direct, indirect, and induced jobs from 2017
through 2030. Thus, West Virginia’s industrial energy efficiency industry could serve
as a major vehicle for future state economic diversification and growth, while
creating quality jobs for West Virginians.
START CALL OUT BOX
Technologies Included in Analysis
The range of technologies covered in our analysis includes:
• Motors, transformers, and variable frequency drives
• Pumps and compressors
• Boilers, heat recovery steam generators, and CHP systems
• Air sealing and insulation for building shells, machinery, and equipment
• Industrial “Internet of Things” sensors
• Lighting fixtures
• HVAC systems
END CALL OUT BOX
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West Virginia Industrial Energy Efficiency Technology Average Annual Jobs
Potential by Market Share and Supply Chain Concentration 2017 - 2030
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Policy Recommendations
Strategically Expanding West Virginia’s Industrial
Energy Efficiency Sector and Supply Chain
Companies
Partner with Industry Associations to Create an Energy
Efficiency Industry Working Group
West Virginia’s nascent energy efficiency industry employs more than 20,000
people, yet it does not have an organized industry group. An industry can flourish
when there is a framework in place to bring public and private stakeholders
together to engage in innovation, advocacy, and education on behalf of the
industry. Moreover, businesses with a high visibility and a positive public image
often have an easier time recruiting skilled workers to fill open jobs. Students are
more likely to choose to gain skills in industries that they view as growing. To foster
collaboration and increase the visibility of energy efficiency companies within West
Virginia, industry leaders could collaborate to form an energy efficiency working
group that enables cooperation and collaboration across the value chain in areas
such as knowledge sharing, asset growth, policy advocacy, and cluster
development. The working group could focus specifically on industrial energy
efficiency, in addition to broad energy efficiency issues. Several states have carved
out a competitive advantage in advanced energy industries by establishing
industry-based associations or alliances.
START IN TEXT BOX
Texas Renewable Energy Industries Alliance
In Texas, industry, academia, and government leaders have come together to form
a nonprofit dedicated to promoting and advancing renewable energy in the state.
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Members of the Texas Renewable Energy Industries Alliance include stakeholders
from a variety of technologies, including solar, wind, biofuels, energy efficiency, and
geothermal. 151 The organization focuses on creating jobs in the industry and
growing the local economy.
Colorado Cleantech Industries Association
The Colorado Cleantech Industries Association (CCIA) is an industry-led organization
that engages in advocacy and education. The organization focuses on conducting
outreach, lobbying, and attracting capital.152 The CCIA also runs the Energy Fellows
Institute, an intense week-long program to transition experienced executives into
advanced energy industries, such as building efficiency and energy storage.153
END IN TEXT BOX
A West Virginia energy efficiency working group could conduct a variety of activities
to support its participants and grow the industry, including:
• Maintaining a public supply chain database
• Conducting outreach campaigns to promote investment in energy efficiency
• Organizing knowledge-sharing and networking events
• Organizing and/or hosting hackathons to solve broad industry challenges
• Supporting the development of a STEM curriculum and industry-specific
training programs
• Advocating for policies that increase demand for efficiency technologies and
services that support business development
START IN TEXT BOX
West Virginia’s Leading Industry Associations
•

West Virginia’s Polymer Alliance Zone (PAZ)154 and Chemical Alliance Zone
(CAZ) 155 are two critical, member-based organizations that advocate on
behalf of the polymer and chemical industries, respectively. PAZ and CAZ
both leverage the collective efforts of their members to grow their industries
and related service companies in West Virginia.

•

West Virginia Manufacturers Association (WVMA) represents and advocates
for manufacturers across the state. WVMA members receive benefits that
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include networking opportunities with other manufacturers and input on
lobbying efforts relevant to their industry.156
END IN TEXT BOX
West Virginia could look to the chemical and polymer industry associations in the
state to lead the formation of an energy efficiency working group. Industry
members of these associations engage in the energy efficiency supply chain, so
there is a wealth of relevant knowledge in the member base. Additionally, several
associations have collaborated on energy efficiency developments in the past.157
For example, PAZ, along with two polymer manufacturers and West Virginia
University, collaborated to develop a strategy to recycle end-of-life electronics, a
project intended to prepare the in-state chemical industry for future market
opportunities. PAZ could bring similar stakeholders together today to create an
innovative strategy for helping chemical companies capitalize on the valuable
energy efficiency end-use market.158
START CALL OUT BOX
Chemical Industry Collaboration on Energy Efficiency Technologies
In 1996, chemical industry leaders from across the country partnered with the U.S.
Office of Industrial Technologies for its Industries of the Future (IOF) program. The
partnership:
• Developed a portfolio of energy-efficient technologies that would enhance
the global competitiveness of the U.S. chemical industry through 2020159
• Established long-term goals for industry, market, and technology growth
• Created technology research priorities for five targeted areas, including
materials technologies like insulation
• Established dozens of chemical R&D projects to be driven by collaborative
partnerships across the country160
Afterward, West Virginia established the first state-level IOF program, in which
stakeholders from across the state came together and identified five key industries
to grow, including chemicals.
END CALL OUT BOX
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Establishing a collaborative energy efficiency working group that brings together
chemical industry leaders, energy efficiency manufacturers, and other stakeholders
in residential, commercial, and industrial energy efficiency could spark innovative
R&D, optimize supply chain management, and grow the energy efficiency industry
overall.

Strengthen and Expand West Virginia’s Foreign Direct
Investment Strategy
START CALL OUT BOX
What is Foreign Direct Investment?
Foreign direct investment (FDI) occurs when a company based in another country
makes an investment in the United States by establishing operations or acquiring
business assets.161 FDI increases capital in the economy, encourages transfer of
technology and expertise, creates job opportunities for the local workforce, and fills
gaps in the local supply chain. Strategies for state leaders include conducting FDI
missions to foreign countries, inviting industry leaders to in-state conferences and
tours, and providing business incentives.
END CALL OUT BOX
Foreign direct investment (FDI) is a common strategy to fill business gaps and inject
jobs and capital into the state economy. The Department of Commerce’s
International Development Division currently leads West Virginia’s FDI efforts.162 As
of 2016, West Virginia-based subsidiaries of global companies employ 29,000
workers in the state, with 50 percent of those jobs in the manufacturing sector.163
However, West Virginia ranks among the lowest states in the nation in per capita
jobs at U.S. subsidiaries.164 In order to expand employment opportunities for West
Virginians while strengthening the state’s emerging industrial energy efficiency
cluster, West Virginia could evaluate key supply chain gaps that could be filled via
FDI efforts. Through more strategic stakeholder engagement, state and local
leaders could further identify supply chain barriers and conduct targeted missions
to attract investment from foreign companies. West Virginia could look to national
best practices and resources to enhance its FDI initiative.
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START IN TEXT BOX
Best Practices for FDI and Export Programs165
The U.S. Department of Commerce commissioned an extensive study of the most
successful FDI and exporting programs around the country and found that state
leaders of these programs share several key practices. The report found that they:
•

Engage universities in making international connections and economic
development

•

Foster strong relationships with economic development resources engaged
in FDI

•

Collect good data about companies in the cluster

•

Develop contact points at companies overseas

•

Embrace and adapt to cultural differences, e.g., language-specific business
cards and marketing materials

•

Commit to long-term involvement in FDI efforts

END IN TEXT BOX

Connect with Economic Development Resources to Put West Virginia’s
Emerging Industrial Energy Efficiency Cluster on the Map

There are many platforms that serve as gateways for connecting U.S. and
international companies, and West Virginia could leverage these resources to
highlight its emerging industrial energy efficiency cluster and attract foreign
manufacturers. Some of these resources are detailed below:
SelectUSA offers advocacy, marketing assistance, and information to help state
economic developers compete for global investment. Many companies looking to
invest in the United States approach SelectUSA as a first step.166 SelectUSA often
turns to Manufacturing USA centers when looking to connect foreign companies
with U.S. locations. West Virginia University is a research partner for two
Manufacturing USA institutes: the Clean Energy Smart Manufacturing Innovation
Institute and the Rapid Advancement in Process Intensification Deployment
institute, both of which have subject matter focus areas related to industrial energy
efficiency.
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The U.S. Cluster Mapping Project offers information about clusters across the
United States and is directed by the Harvard Business School in partnership with
the U.S. Economic Development Administration.167
The European Cluster Collaboration Platform serves as a platform to facilitate
cluster-based networking and collaboration, including identifying European
partnerships.168 One platform initiative, the Centre for Energy Technologie Cluster –
Free Enterprise Association, connects dozens of collaborators to support new
technology development in the energy sector, including energy efficiency.169
West Virginia could also enhance its presence abroad by establishing more
overseas trade and investment offices. The state currently has two overseas trade
offices, in Japan and Switzerland, compared to Pennsylvania’s seventeen offices and
Florida’s fourteen offices.170 State and local leaders could engage with international
economic development offices to create more gateways for investment into the
state.

Identify Target Companies to Enhance State-Driven FDI Efforts

To enhance its international initiatives, West Virginia could also actively identify and
engage with companies that may be interested in locating operations in the state.
In addition to the economic development resources mentioned above, West
Virginia could actively seek assistance from lead generation consultants like
WAVTEQ and OCO Global,171 regional industrial energy efficiency consortiums, and
local universities to assess potential FDI opportunities. This strong network of
partners could help bolster FDI in West Virginia.
The Massachusetts–Israel Innovation Partnership offers an innovative model on
how to facilitate global connections. Launched in 2011 following the governor’s
trade mission to Israel, the partnership grew from an industry research
collaborative to a joint FDI partnership. Major Israeli companies have expanded
operations to the state and Massachusetts companies have invested in Israeli
intellectual property and R&D operations.172 As of 2015, more than 200 Israelifounded companies have made a home in Massachusetts.173 These businesses
accounted for $9 billion in direct revenue, $18 billion in total economic impact, and
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4 percent of the state GDP, as well as 9,000 direct jobs and 27,000 indirect and
induced jobs.174
West Virginia could specifically target companies around the world that
manufacture industrial energy-efficient products to leverage the state’s knowledge
and resources in this area. The following table provides a snapshot of potential FDI
target companies.
Company
2G Energy

175

Country

Description

Germany

Manufacturer of cogeneration systems that cater to
small- and mid-sized energy needs.

MTU On-Site Germany
Energy

176

Manufacturer of cogeneration units that run on
natural gas and cater to industrial energy needs.

177

Veolia

France

Operator and developer of efficient energy systems,
including CHP in North America.

BASF178

Germany

Chemical

company

performance

plastics,

that

manufactures

including

high-

polyurethane

insulation.
Kingspan
Insulation

Sweden
179

Manufacturer

of

industrial

insulation

products,

including pipe insulation products and systems.

The Governor, mayors, business leaders, and universities could take the lead on
putting West Virginia’s emerging industrial energy efficiency cluster on the map and
on the global radar. A coordinated and widespread effort is necessary to attract
anchor companies, cultivate new expertise, and support local jobs for West
Virginians.

Create an Anchor Company Tax Credit
West Virginia is home to a number of large chemical anchor companies, such as
Dow Chemical in South Charleston180 and Covestro in South Charleston and New
Martinsville.181 The chemical industry—a keystone of U.S. manufacturing—provides
many of the building blocks for industrial energy efficiency products. Polyurethane
spray foam, for example, gains its insulating properties when two chemicals, both
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of which are manufactured in West Virginia, are mixed together.182 With a limited
number of in-state energy efficiency manufacturers, the state has yet to fully tap
into this valuable chemical end-use market. West Virginia could leverage strategic
tax incentives to bolster the energy efficiency supply chain by offering an Anchor
Company Tax Credit to in-state businesses that attract a supplier or a customer
company to the state.
West Virginia could look to Rhode Island as a model for this type of incentive. In
2015, Rhode Island created an Anchor Institution Tax Credit to bolster its in-state
industries. Under this policy, an existing, in-state company receives a tax credit if it
is responsible for a job-creating supplier or customer company locating in Rhode
Island. 183 For example, if a Rhode Island-based wind developer lures a tower
manufacturer into the state, then the wind developer would receive a tax credit.
The law requires that an in-state business complete both a preliminary application
identifying a business that could relocate to the state and a final application
demonstrating its substantial role in the decision to relocate. The relocating
business must create at least ten new full-time jobs in the state before 2019 or
twenty-five new full-time jobs before 2021.184 The tax credit can be awarded for up
to five years and the amount is based on several factors, including the extent of job
creation, whether the jobs are in a state-targeted industry, whether the relocation
provides benefits to a disadvantaged area, and the amount of economic return to
the state.185
To effectively strengthen its energy efficiency base, West Virginia could establish a
tax incentive similar to Rhode Island’s that would leverage the anchor companies in
its strong chemical manufacturing base. West Virginia’s current tax incentives for
encouraging job creation and attracting companies, such as the General Economic
Opportunity Tax Credit and the Corporate Headquarters Relocation Tax Credit,
require beneficiaries to make significant capital investments in order to earn the
credits.186 In contrast, an Anchor Company Tax Credit rewards the non-financial
investment of time and effort that a company contributes to recruiting new
companies to the state. West Virginia can leverage the strength of its anchor
companies and their relationships by incentivizing these companies to recruit new
businesses to the state. A stronger in-state energy efficiency supply chain means
greater economic opportunities for West Virginia’s chemical companies and energy
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efficiency manufacturers alike. By supporting supply chain growth, West Virginia
could fortify its competitive advantage in the energy efficiency industry and ensure
good-paying jobs for West Virginians.

Fostering a Strong Innovation Ecosystem
Leverage Philanthropic Funding Via a Foundation Liaison
West Virginia is currently facing deep budget cuts to remedy a $500 million deficit,
making new state-funded investments in innovation ecosystem assets
challenging.187 As the state pursues new innovation initiatives, it could consider
tapping into third-party resources to ease or remove the financial burden on
taxpayers. West Virginia is home to many charitable organizations that can work
together to provide an alternative funding pathway for research and business
development programs. In fact, in 2014, 298 West Virginia-based foundations with
nearly $1.4 billion in assets gave over $67 million in grants.188
West Virginia’s leading philanthropic organizations—which include the Claude
Worthington Benedum Foundation, Hazel Ruby McQuain Charitable Trust, the
Greater Kanawha Valley Foundation, and the BrickStreet Foundation, among
others189—share the goals of supporting youth education and serving the needs of
communities.190 By working together with national foundations, these organizations
could substantially improve West Virginia’s innovation ecosystem. The state
government could appoint a foundation liaison to connect with and facilitate
support from foundations. West Virginia could look to Michigan as a model for this
initiative.
START CALL OUT BOX
Regional Foundation Supports Local Business
The Claude Worthington Benedum Foundation provides funding through the West
Virginia Capital Access Program (WVCAP) Operating Assistance Fund to help West
Virginians successfully apply to the WVCAP or to improve their business
competitiveness. The funding applies to a range of technical and operational
assistance from business plan development and financial modeling to market
research and marketing strategy.191
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END CALL OUT BOX
START IN TEXT BOX
Michigan Governor’s Office of Foundation Liaison
As the first of its kind in the nation, the Michigan Governor’s Office of Foundation
Liaison (OFL) builds funding partnerships and strategic collaborations between the
state government and the philanthropic community to support programs that
improve education and health for all Michigan residents. The Foundation Liaison
and OFL staff come to the state on loan from participating foundations.
Foundations are actively engaged throughout OFL activities, with contributing
funders and nonprofits partly comprising the OFL Advisory Committee. Since 2003,
OFL has brokered investments from seventeen foundations, totaling more than
$150 million.192
END IN TEXT BOX
West Virginia’s foundation liaison could build relationships and disseminate
information regarding the opportunities for philanthropy and investment in West
Virginia. State leaders could reach out to the leading foundations in the state to
assist with appointing a foundation liaison, whether by contributing a portion of the
liaison’s salary or lending a staff member to lead the effort. To maximize the
impact, the foundation liaison could also engage national foundations with
potential interests in West Virginia, such as those wanting to support rural
development across the country. By using a foundation liaison, West Virginia and
the foundation community could leverage one another’s investments and efforts,
working together to promote innovation and jobs.

Use the Foundation Liaison to Secure Funding for Innovation Ecosystem
Assets
Among Appalachian states, West Virginia ranks comparatively low in terms of both
innovation and small business development. 193 Despite some well-established
universities and a well-developed industrial sector, West Virginia does not
experience the same rates of R&D and technology commercialization as other
similar states.194 The foundation liaison could focus efforts on securing financial
support for innovation ecosystem assets working to advance industrial energy
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efficiency technology. These priority areas could include advanced energy
incubators and university programs focused on industrial energy efficiency
innovation.
Funding Advanced Energy Incubators
Due to the technological and regulatory complexity of advanced energy, startup
enterprises can require more specialized resources than generic incubators and
business development programs can provide. Unfortunately, West Virginia lacks the
resources necessary for energy-specific support. This leaves energy entrepreneurs
struggling to obtain the mentorship, guidance, and financial support they need
from a limited pool of general resources.
West Virginia’s foundation liaison could look to obtain additional funding for
incubators with an advanced energy focus, such as TechConnect West Virginia
(TechConnect), to provide critical, industry-specific resources to early-stage
advanced energy companies.195 In order to buttress the emerging industrial energy
efficiency cluster in the state, the foundation liaison could encourage earmarking
some funds for entrepreneurs in the industry.
Funding Industrial Energy Efficiency Programs at State Universities
University programs like TransTech are cornerstones of the state’s innovation
ecosystem in industrial energy efficiency. Funding expansion of these programs,
providing scholarships or fellowships to recruit top students, and sponsoring
hackathons could elevate the profile of West Virginia’s emerging industrial energy
efficiency cluster.
Securing additional funding for existing advanced energy incubators and university
programs in industrial energy efficiency can help entrepreneurs overcome barriers
and increase innovation and commercialization of industrial energy efficiency
products in West Virginia.

Co-Sponsor

a

Hackathon

to

Ignite

West

Virginia’s

Entrepreneurial Culture
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START CALL OUT BOX
What is a Hackathon?
A hackathon is an event where people gather to collaborate on a problem or
project with the objective of developing new, usable solutions. 196 Hackathon
participants are presented with a challenge and must devise a creative solution to
that issue in a pre-determined timeframe, often within twenty-four to forty-eight
hours. While traditional hackathons tackle software and technology challenges,
hackathons have increasingly focused on larger industry and social issues as
well.197
END CALL OUT BOX
Despite its long history as an industrial center, West Virginia ranks among the least
innovative states in the nation.198 The state’s low R&D intensity, limited patent
activity, and relatively modest base of STEM-educated professionals suggest that
innovation is a significant challenge for businesses in West Virginia compared to
those in other states.199 Likewise, the state suffers from a dearth of independent
entrepreneurs and small business owners.200 An innovative culture is important for
growing new ideas and fostering collaboration. It is particularly critical for industries
like energy efficiency, where the complex nature of electricity distribution, the
extensive amount of energy data, and the large number of stakeholders invested in
the industry present complex challenges to industry development. In recent years,
TechConnect and TransTech have made an effort to boost innovation across West
Virginia through events like Innovation & Entrepreneurship Day201 and competitions
such as the Collegiate Business Plan Competition.202 However, there is a shortage of
events that address the unique and complex technological challenges experienced
by the industry. West Virginia could consider sponsoring an industry-specific
hackathon to foster collaboration and elevate the profile of the state as a national
thought leader in industrial energy efficiency.
START CALL OUT BOX
Innovation & Entrepreneurship Day at the State Capitol
TechConnect partners with TransTech to host an annual Innovation &
Entrepreneurship Day at the State Capitol. The event, which draws high-level state
officials including the governor, industry leaders, innovators, entrepreneurs, and
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researchers alike to network, is part of a statewide effort by the West Virginia
Legislature to strengthen the innovation community.203
END CALL OUT BOX
START IN TEXT BOX
Carnegie Mellon’s Hack the Grid
Carnegie Mellon University in Pennsylvania hosted Hack the Grid, a hackathon that
challenged participants to deconstruct and analyze an extensive energy database to
produce useful, actionable intelligence. 204 The hackathon was co-sponsored by
EnerNOC, an energy intelligence and performance company.205 The two-day event
was only open to students and challenged participants to develop creative uses for
energy data, which is important in the industrial energy efficiency sector.
SunCode Hackathon206
Hosted by Powerhouse, a California-based energy incubator, and open to anyone
interested in energy problem solving, SunCode is an annual solar-focused
hackathon that challenges participants to tackle big industry problems. In a past
SunCode hackathon, Powerhouse presented teams with a home energy
management challenge.
END IN TEXT BOX
West Virginia could sponsor a university-based hackathon to address challenges in
the industrial energy efficiency sector. WVU or Marshall University could host the
event in partnership with industry leaders to encourage experts and students alike
to innovate around a particular issue relevant to industrial energy efficiency. With a
relatively low-risk, low-capital investment in this event, the state could begin to
develop a reputation as a regional innovation hub. The state could leverage existing
programs, such as TransTech, to capitalize on existing resources and sponsor
networks to generate interest in the event.207 By bringing students, researchers,
and entrepreneurs together to innovate in an exciting and outcome-oriented
environment, West Virginia could fuel the innovation culture in the state.
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Encourage Commercialization of Cutting-Edge Research
With the pace of innovation moving faster than ever before, slow-moving
technology transfer offices can drive away promising researchers, and hinder the
ability of campus researchers and entrepreneurs to bring their ideas to the
marketplace. In April 2017, West Virginia University ranked 166th out of 225 on the
Milken Institute’s Technology Transfer and Commercialization Index: Universities &
Research Institutions.208 Many universities around the nation are revamping their
technology transfer offices in order to help technologies developed in-state
commercialize as rapidly as possible. To encourage this transition in West Virginia,
policymakers could challenge WVU to streamline and enhance its technology
transfer practices. One way to achieve this is by using standardized licensing
agreements, which would allow inventors to bring new technologies to the market
as quickly as possible and attract researchers and businesses to the state.
START IN TEXT BOX
The University of Michigan
The University of Michigan, ranked sixteenth on Milken’s index, created a
standardized licensing and revenue-sharing agreement, allocating earnings to
inventors, the inventor’s department (and school or college), and the central
campus administration based on revenue tiers. In 2014 alone, the university’s
Technology Transfer Office generated 148 license/option agreements, issued 132
patents, launched fourteen startups, and generated $18.5 million in revenue. Since
2001, the office has brought approximately $230 million in revenue and helped
create more than 2,000 jobs.209
END IN TEXT BOX
In addition to standardized licensing agreements, WVU could bolster efforts to
provide business support services to the university’s researchers and
entrepreneurs looking to commercialize technology. Those services can include, but
are not limited to:
• Accounting and legal assistance
• Small business and entrepreneur pitch training
• Access to testing facilities and technical expertise
• Assistance in applying for funding
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The university could engage with various university departments to provide these
services, utilizing the vast expertise of its faculty and engaging students from across
campus in commercialization efforts. The university could also partner with
organizations such as MATRIC 210 and the INNOVA Commercialization Group, 211
which both work to facilitate higher rates of commercialization in West Virginia.
Removing barriers to commercialization will send a signal to businesses and
researchers that the state is committed to commercializing cutting-edge research
that can create jobs.

Leveraging Local Assets to Increase Access to Capital
for Growing Companies
Develop Relationships with Foundations Engaging in
Program-Related Investment
START CALL OUT BOX
Program-Related Investments
Program-related investments (PRIs) are a means through which philanthropic
foundations can make impact investments in nonprofit and for-profit organizations,
and ultimately earn a return on those investments.212 PRIs can take the form of lowinterest loans, guarantees, or equity investments, and can be made either directly
or indirectly through an intermediary investment vehicle.213 Because philanthropic
foundations can tolerate a higher level of risk than commercial investors, PRIs
provide an opportunity for higher-risk enterprises to pursue funding for which they
may otherwise be ineligible.214
END CALL OUT BOX
West Virginia’s small businesses and entrepreneurs face a number of barriers when
trying to access the necessary capital to start or grow their business, from credit
worthiness to eligibility. Large, national foundations have substantial resources to
invest across the country, and many are looking to spur economic development in
regions with persistent poverty, such as West Virginia. Foundation investments,
however, typically take the form of grants to nonprofit entities, leaving struggling
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for-profit entities behind. To align foundation spending with the needs of capitalstrapped West Virginian companies, West Virginia can direct a foundation liaison to
develop relationships with program-related investment (PRI) vehicles established by
foundations to direct that spending into West Virginia. A PRI is a tool that allows
philanthropic foundations to make atypical investments that would otherwise be
subject to a tax penalty.215
Major philanthropic organizations such as the Rockefeller Foundation, the
MacArthur Foundation, and the F.B. Heron Foundation now frequently incorporate
formal PRI programs into their broader philanthropic strategies. 216 In some
instances, foundations provide PRI funding to independent investment vehicles
which re-invest those resources into early-stage companies. West Virginia could
look to establish relationships with these foundations and intermediary investment
vehicles to help invest in local advanced energy companies.
START IN TEXT BOX
PRI Opportunities for West Virginia
PRIME Coalition is a national nonprofit organization that serves as an intermediary
investment vehicle for PRIs in the advanced energy space. 217 PRIME solicits
investments from major philanthropic organizations and re-invests that capital in
early-stage energy technology companies.218
END IN TEXT BOX
To solidify its commitment to supporting the advanced energy sector, West Virginia
could call upon foundations to target their investments toward the advanced
energy industry. PRIs are underutilized in the advanced energy industry.219 Of the
5,064 PRI transactions that occurred between 1968 and 2013, only seventy-five
supported energy-related enterprises.220
By liaising with interested foundations and soliciting PRIs, West Virginia could
reduce barriers to access to capital for small, early-stage companies. The
foundation liaison could oversee this network of PRI organizations. Additionally, by
serving as a specialized screen for applicant companies, the liaison could reduce
investor concerns by ensuring that funding recipients are viable and that they will
promote their funders’ social goals. By increasing PRI investments, West Virginia
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could help early-stage advanced energy companies raise capital and create jobs at
minimal cost to the state.

Create Tax Incentives for Investment in Startups
West Virginia’s tax rate for capital gains is 6.5 percent, the fifteenth highest in the
country and higher than neighboring states. 221 High capital gains taxes create
barriers for investors by reducing potential profits. Investors are often reluctant to
invest in early-stage companies because of the high level of risk involved;
incentives, not barriers, are needed to encourage investment. A statewide policy
that reduces or eliminates capital gains taxes for investments in West Virginia’s
industrial energy efficiency companies could encourage investment and spur
economic growth.
START CALL OUT BOX
Capital Gains Tax
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 that stock at a later date when the company is worth more, the
profits made on this sale—the capital gains—are taxed. Nine states have no capital
gains tax, including neighboring Tennessee.222
END CALL OUT BOX

START IN TEXT BOX
Virginia’s Success with Capital Gains Tax Exemptions
Virginia’s Capital Gains Exemption for Technology Businesses allows individual and
corporate investors to subtract long-term capital gains from their state tax burden.
This exemption applies to investments in early-stage technology, biotechnology,
and energy companies with revenues of less than $3 million and operations
principally in Virginia. Originally covering investments from April 2010 to 2015, the
program has been renewed until 2020.223 The venture capital climate for seed-stage
companies has significantly improved since 2011, the first year that the exemption
could be claimed. Annual investment increased from $49 million in 2012 to $205
million in 2016, while the number of deals also increased.224
END IN TEXT BOX
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START IN TEXT BOX
The United Kingdom’s Investment Incentives
The United Kingdom’s Enterprise Investment Scheme (EIS) was started in 1994 with
the aim to help small, high-risk companies build capital by offering tax relief to
investors. 225 In 2012, the government established the complementary Seed
Enterprise Investment Scheme (SEIS), which offers tax incentives at a higher rate for
early-stage investment.226 Both programs reduce capital gains taxes to zero after a
three-year investment period.227 Approximately 22,900 companies have benefited
from the EIS, raising over £12.2 billion in funds since the program began in 1994.228
From 2013 to 2014, SEIS spurred a total of £164 million of investment in 2,000
companies.229
END IN TEXT BOX
Establishing tax exemptions for investments in targeted early-stage West Virginia
companies could spur investment in local companies. The state could require a
three-year minimum investment before qualifying for the exemption and extend
the exemption for up to ten years to provide tech companies with the patient
capital they need. Access to patient capital provides early-stage companies with
more certainty and helps them overcome the “valleys of death” during technology
development and commercialization. Knowing that investors have an incentive to
make longer-term investments in West Virginia’s advanced energy sector could
attract and grow startups and create jobs across the state.

Coach Businesses on How to Solicit Capital
When small businesses and entrepreneurs pitch their business idea to venture
capital funds and other investors, it is critical that they know how to create and
deliver a compelling pitch. Too often, businesses do not have the knowledge or
skills necessary to construct a pitch that successfully attracts investment. Business
development centers, incubators, and other support institutions across West
Virginia could work with entrepreneurs and small business owners to ensure that
their executives are fully prepared for success. To do so, West Virginia could help
fund these institutions to provide proper training on how to best prepare small
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businesses for pitch success. West Virginia could model the training program after
Pittsburgh’s Innovation Works or Tennessee’s Energy Mentor Network.
START IN TEXT BOX
Innovation Works
Innovation Works, based in Pittsburgh, Pennsylvania, is part of the Ben Franklin
Technology Partners network, a statewide collection of the best and brightest
business minds, working together to stimulate growth and prosperity in
Pennsylvania.230 Innovation Works focuses on supporting entrepreneurship and
innovation as drivers of growth by providing funding and business expertise to
early-stage technology companies. The Business Assistance program at Innovation
Works connects new companies with experienced CEOs, entrepreneurs, and
investors to ensure that they are prepared for success, including offering assistance
in developing an effective pitch.231
Energy Mentor Network232
The Tennessee Advanced Energy Business Council, in partnership with Launch
Tennessee, offers the Energy Mentor Network. The program aims to develop
quality startups by pairing entrepreneurs with seasoned mentors and providing a
structured program of mentoring and presentations. Graduates of the program will
have the tools they need to successfully raise capital: a quality pitch deck, business
model, and blueprint for growth.
END IN TEXT BOX
Funding for a pitch training program could come from the state, industry
associations that would benefit from the program, foundations via the foundation
liaison, or a combination of these through matching funds. The program could
focus on the key aspects of a business pitch: essential details, a business plan,
suitable presentation format, etiquette, and timing.
In order to establish West Virginia as a hub for innovation and product
development, the business community must be equipped with the skills necessary
to compete for and attract capital. Strengthening the presentation skills of small
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businesses looking for investment capital will help drive economic growth for the
state.

Establish a State Fund of Funds to Stimulate the
Investment Environment
START CALL OUT BOX
What is a Fund of Funds?
A fund of funds is a fund that invests in other investment funds as opposed to
investing directly in stocks, bonds, or other securities.233 Because a fund of funds
has a diverse portfolio, investors are better protected from high-risk investments
and exposed to more ventures.234 Thus, a fund of funds not only fosters the state’s
investment community but also increases access to capital for in-state businesses.
END CALL OUT BOX
Early-stage companies and small businesses typically have limited financial capital
for growth and development. These companies tend to lack physical assets that can
be leveraged for bank loans. This issue is particularly acute for new energy-efficient
technologies that may be costly to develop and exhibit longer commercialization
periods. For these technologies, patient capital is necessary to grow their
technologies into valuable investments. West Virginia has several programs aimed
at assisting businesses and fostering economic development,235 including a venture
capital fund.236 However, while these programs support West Virginian companies,
funding is limited and there is no sector-focused fund. The state government could
establish a fund of funds and encourage top investors to devote their capital to
cutting-edge energy efficiency technologies in West Virginia, thereby increasing
access to capital for in-state businesses and growing an economic cluster in the
state.
START CALL OUT BOX
Patient Capital
Patient capital refers to funds invested in a company for the long term.237 Patient
capital is important for advanced energy startups because advanced energy
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technologies can take decades to fully develop. Venture capital firms typically have
a fund horizon of three to five years, a model unsuitable for advanced energy firms.
END CALL OUT BOX
A fund of funds that focuses on providing patient capital ensures companies have
long-term certainty and helps avoid the “valleys of death” during technology
development and commercialization. In order to achieve the state’s goals of
providing patient capital to energy efficiency companies, it can set managing
criteria to govern how the funds are invested. The fund’s managing criteria could
be: (1) invest in West Virginia companies, (2) provide industry returns, (3) hold
investments in excess of five years, and (4) invest in advanced technologies. This
strategy differs from the state’s current venture capital funds, which are less
targeted in their investments and make investments directly rather than use an
experienced management firm.
START IN TEXT BOX
Success with Illinois’ Fund of Funds
Illinois first began investing in venture funds in 2002, using funds from the $13
billion invested by the state treasurer. The fund invests no more than 15 percent in
any given venture or private–equity fund, which then in turn invests in highpotential startups. The state gets a financial return for its investments, with past
rates of return around 6 percent.238 Moreover, these investments have led to the
creation of thousands of Illinois-based jobs.239
Since 2005, Illinois has channeled $66 million of state funds into eighteen private
investment funds.240 Moreover, these investments have supported about 6,300 new
Illinois-based jobs.241 In 2016, Illinois refinanced its fund of funds with $222 million,
which is expected to create over 18,000 jobs.242
Success with Utah’s Fund of Funds
Utah’s $300 million economic development program is managed by a nonprofit,
quasi-governmental organization (the Utah Capital Investment Corporation) rather
than a third-party firm. 243 This structure allows for greater capacity to directly
engage with entrepreneurs, businesses, venture capital, and private equity funds.244
Utah also invests in a diverse set of nation-wide partner funds to encourage outside
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investments in Utah companies.245 As of February 2016, Utah’s twenty-eight partner
funds have invested $723 million in sixty-seven Utah companies, supporting over
2,700 new jobs and $35 million in new tax revenue.246
END IN TEXT BOX
West Virginia could engage its insurance companies to raise money for the fund of
funds by selling insurance premium tax credits. Insurers could contribute to the
state fund of funds in exchange for a credit against the premium tax liability that
can be used in a later year. The West Virginia Legislature introduced a similar tax
incentive for insurance companies in 2017, with bipartisan support, but it did not
pass the House Finance Committee.247 A future iteration could be improved if it also
required that returns on investments were deposited into the general fund to
recover the initial loss of tax revenue by the state. West Virginia has over 2,000
insurance entities doing business in the state, contributing $116 million to the state
GDP.248 Engaging those firms could generate significant revenue for the fund and
for the state.
While this type of mechanism has been used in many states,249 it has seen recent
success in Maryland and Pennsylvania, where tax credits were auctioned off to
insurers and then distributed to designated investment partners.250
START IN TEXT BOX
InvestMaryland
Established in 2011, the InvestMaryland program is jointly managed by the
Department of Business and Economic Development and the Maryland Venture
Fund Authority, a nine-member group of business and investment experts. 251
Maryland employs a hybrid model in which two-thirds of the funds go to selected
private venture firms, about one-third filters into the state-run Maryland Venture
Fund, and a small portion is directed to the Maryland Small Business Development
Financing Authority.252 InvestMaryland raised $84 million in the auction, exceeding
its goal of $70 million.253 These funds were distributed to about seven venture
firms254 and have since supported three iterations of the InvestMaryland Challenge,
an international business competition.255 Although attributable to multiple factors,
the state experienced a 33 percent growth in venture capital from $470 million
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(fifty-seven deals) in 2012 to $623 million (sixty-two deals) in 2013, over the time of
InvestMaryland’s initial funding.256
Innovate in PA
Similar to Maryland, Pennsylvania created the Innovate in PA program in 2013 and
auctioned $100 million in deferred insurance premium tax credits.257 Innovate in PA
is projected to create at least 1,850 technology jobs, about 3,500 indirect jobs, and a
return of $2.37 for every dollar invested.258
END IN TEXT BOX
A dedicated effort to provide early-stage and growth financing support could help
West Virginian advanced energy companies move through the “valleys of death”
and expand their businesses. Investing in advanced energy efficiency technology
companies will help bring the state’s best ideas to the market and build thriving
businesses in West Virginia.

Aligning Training Programs to Meet the Needs of
Industry and Serve Students
Support Career-Connected Learning
In 2016, corporate leaders ranked the availability of skilled labor as the most
important factor when deciding where to site a new facility.259 Unfortunately, West
Virginia’s workforce ranked fortieth in the nation.260 Having a pool of skilled workers
is especially important to attract industrial energy efficiency manufacturers. As
technology has improved, energy efficiency manufacturing has become innovative,
fast-paced, and technologically advanced. Today, the majority of manufacturing
jobs require more than a high school diploma but less than a college degree.261
Manufacturing also supports good-paying, middle-class jobs; the average
manufacturing worker in West Virginia earns over $65,650.262
Unfortunately, West Virginia’s high school students are often unaware that these
good-paying jobs exist and fail to obtain the education to win these jobs. To expand
awareness and put students on track to gain high-demand skills, West Virginia
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could open the doors to these middle-class careers in high school. By allowing high
school students to engage in career-connected learning, West Virginia could
increase the competitiveness of its workforce and attract international industrial
energy efficiency manufacturers to the state.
START CALL OUT BOX
Early College Success
Evaluations of early college programs in North Carolina found that participating
students reported higher levels of academic engagement, were more likely to be on
track to graduate high school, and were less likely to be suspended than students in
comparative schools.263
END CALL OUT BOX
START CALL OUT BOX
STEAM Academy
To encourage fifth to eighth grade students to begin thinking about careers in
science, technology, engineering, arts, and mathematics (STEAM), BridgeValley
offers summer camps at the Advanced Technology Center. The program is so
popular that it often fills up and families join a waiting list.264
END CALL OUT BOX
START IN TEXT BOX
Ohio’s Work-Based Learning in Early Colleges
Early college programs are an innovative way to engage students in the classroom
and better prepare them for the jobs of the twenty-first century. Through
partnerships between high schools and local colleges, students can earn their high
school diploma and an associate degree concurrently in a four- to five-year
period.265 Students enrolled in early college programs are more likely to graduate
from high school (90 percent versus 78 percent nationally).266 This is especially
impressive because the majority of early college students are from low-income
families and will be the first person in their families to attend college.267 Ohio has
improved the early college model by embedding work-based learning in the
curriculum. Ohio has provided a $14.4 million grant to fifteen school districts in
Central Ohio to develop six career pathways, including advanced manufacturing.268
82

In the 2014–2015 school year, the first year of the pilot program, nearly 25 percent
of all eligible students elected to enroll in the program—over 5,400 students.269
Youth Apprenticeships in Wisconsin
Wisconsin’s Youth Apprenticeship Program links apprenticeship hours to high
school credits. This work-based learning is applied toward high school graduation
requirements, industry skill certificates, and credit within the Wisconsin Technical
College System and University of Wisconsin system.270 From 1994 to 2012, 1,200
employers and 230 high schools helped nearly 16,000 youth apprentices earn
certificates.271
Boeing Core Plus Curriculum
In Washington, the state education department worked with industry partners to
develop a high school curriculum that better prepares students to enter the
workforce.272 In 2014, the first Core Plus curriculum was launched with the help of
Boeing.273 The new curriculum allows high schools to meet industry needs and
satisfy education standards. Students in the Boeing program gain manufacturing
skills while earning high school credits in core subjects, including science and
math.274 Boeing has hired 160 Core Plus students directly from high school.275
END IN TEXT BOX
To better prepare students for industrial energy efficiency manufacturing jobs, the
West Virginia Legislature could establish an industry-specific early college pilot
program that addresses existing skills gaps in the industrial energy efficiency
sector. The state could also create a youth apprenticeship program that would
allow students to earn credits toward a high school diploma and community college
or university degree. Additionally, the schools could work with industry partners to
develop new curriculums that bring industry applications into the classroom. By
increasing career-connected learning, West Virginia can reinvigorate high school
education and increase the number of skilled graduates available to support the
state’s advanced energy industry.
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Encourage High School Partnerships with Community and
Technical Colleges
By 2020, two out of three U.S. jobs will require a college degree or credential.276 Of
the 3.4 million manufacturing job openings expected in the next decade, 2 million
jobs are projected to go unfilled due a lack of skilled workers.277 With the majority
of manufacturing jobs requiring more than a high school diploma but less than a
college degree, West Virginia will need to increase the number of skilled workers in
the state to be able to compete for and win good-paying industrial energy efficiency
manufacturing jobs. Unfortunately, as of 2014, fewer than one out of three West
Virginians held postsecondary credentials, including degrees, certificates, and
certifications.278
To prepare West Virginians for advanced energy manufacturing jobs, the state will
need to make a concerted effort to increase the number of high school graduates
continuing their education. With community and technical colleges offering a
variety of credential and degree programs, high school students will need
additional guidance to navigate their postsecondary options. By looking to a model
in Arizona, West Virginia could increase the number of students enrolling in
community and technical colleges, providing a larger pool of skilled workers to
attract industrial energy efficiency manufacturers to the state.
START CALL OUT BOX
STEMersion
For one week each year, BridgeValley Community and Technical College, the West
Virginia Manufacturers Association, Dow Chemical, Toyota, Appalachian Power, and
other partners give twenty-five middle and high school science, technology, and
math teachers an introduction to local STEM businesses. The teachers tour local
companies and see first-hand good-paying careers available to students who gain
STEM training. Additionally, the teachers gain an understanding of how classroom
concepts translate into real-world applications.279
END CALL OUT BOX
START IN TEXT BOX
84

College Connections in Arizona280
In Arizona, Mesa Community College (MCC) has partnered with Mesa Public Schools
to help students navigate their postsecondary options and successfully transition
from high school to community college. Six Mesa high schools will host a full-time
MCC advisor. Advisors will work with staff to help students take advantage of early
college programs, complete college applications and enrollment forms, apply for
financial aid, and develop career plans.
END IN TEXT BOX
To increase the pool of skilled workers available for industrial energy efficiency
manufacturers, West Virginia’s policymakers could consider funding a partnership
between the West Virginia Community and Technical College System and high
schools. By offering advisors who specialize in the offerings of the community and
technical colleges, the partnership could focus on recruiting students who
otherwise would not enroll in any postsecondary education. Locating the advisors
on high school campuses, especially those in areas of high unemployment, could
allow them to encourage students at risk of dropping out to consider technical
education.
Services provided by the advisors could include:
• Assisting students with community college and financial aid applications
• Educating high school staff about career paths and requirements
• Informing parents about postsecondary options and career opportunities
• Providing tours of community college campuses and facilities
• Helping students with enrollment and tips for a successful transition
By encouraging high schools to partner with their local community or technical
college, West Virginia can increase the number of students enrolling in
postsecondary education and equip the next generation with the needed skills to
attract good-paying, skilled industrial energy efficiency jobs.
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Align Community College Efforts with Private Sector
Needs
To prepare a skilled workforce to compete for industrial energy efficiency
manufacturing jobs, community colleges must be able to quickly adapt to changing
industry needs. In the industrial energy efficiency sector, innovation occurs rapidly
and employees need to have access to continued training. For example, the
increasing deployment of smart technologies in high-performance buildings means
that traditional HVAC, facility management, and energy assessment skills need to
be updated. Strong partnerships among local community colleges, energy efficiency
installers, and energy efficiency manufacturers are essential.
START IN TEXT BOX
WorkSmart in Maryland
In November 2016, the Maryland Association of Community Colleges partnered
with the Department of Commerce to create the Maryland WorkSmart program, a
one-stop shop for businesses and workforce stakeholders. The program will enable
community colleges to strategically partner with industry to assess instruction
needs and tailor training programs. If an employer needs training that does not
exist, Maryland WorkSmart will reach out to national leaders to create new training
modules. Each community college will have a WorkSmart Center, making it easier
for industry to approach colleges about training.281
Washington’s Centers of Excellence
Washington’s community and technical colleges are home to ten industry-specific
Centers of Excellence. Each Center is housed at one of the community and technical
colleges and focused on workforce and economic development for a single
industry. For example, Washington has Centers focused on clean energy,
construction, and aerospace manufacturing. 282 With an advisory board that
includes members from the targeted industry, education, and labor, each Center
leverages strong industry ties to ensure that the state’s community and technical
colleges are strategically meeting the local needs for a skilled workforce.283
END IN TEXT BOX
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START CALL OUT BOX
Training for Maintenance and Operations
A workforce advisory board or program could also work with industry to determine
workforce needs related to managing and maintaining industrial energy efficiency
projects, such as energy auditing training programs and energy management
certifications. Community colleges could establish programs similar to the
Industrial Assessment Center at WVU, where students get hands-on experience in
conducting energy audits and analyses for industrial clients.
END CALL OUT BOX
Creating similar programs in West Virginia could not only provide a singular access
point for the industrial energy efficiency industry, but also facilitate the alignment
of skillsets needed by the industry. By collaborating on training needs and working
more effectively with industry, West Virginia’s community colleges can increase the
number of skilled workers available and give the state a competitive advantage in
attracting industrial energy efficiency businesses and creating good-paying jobs.

Creating Demand for Industrial Energy Efficiency
Technology by Increasing Deployment
By enacting smart, forward-looking policies that encourage in-state demand, West
Virginia can send a market signal to the industrial energy efficiency sector and
attract companies from around the globe. Having robust local demand near
industry headquarters can create synergies that drive innovation and retain talent
in the state. Additionally, stimulating in-state demand can make local companies
competing for capital more attractive to out-of-state investors. The following
recommendations are intended to stimulate local demand for industrial energy
efficiency products. State leaders can implement each of these recommendations
individually or jointly, depending on state goals.
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Offer Industrial Energy Efficiency Tax Incentives to
Manufacturers
Energy efficiency investments can save businesses and manufacturing plants
money on their electricity bills, making their products and services more cost
competitive. However, high costs for energy-efficient systems and equipment are
often cited as a barrier to investing in energy efficiency technology.284 West Virginia
can reduce the overall cost of energy efficiency investments through tax incentives.
Energy efficiency incentives are habitually underutilized by state governments to
meet energy and environmental targets.285 Although West Virginia offers tax credits
to manufacturers that create jobs, such as the General Economic Opportunity Tax
Credit, the state does not have any public purpose-funded energy efficiency
programs.286 West Virginia could consider expanding its tax incentives and financial
support to include companies that adopt energy-efficient upgrades, similar to
programs in Virginia and Kansas.
START IN TEXT BOX
Public Purpose-Funded Energy Efficiency Programs
Virginia allows counties, cities, or towns to offer a property tax exemption to
businesses, residents, and industry that meet or exceed designated building
standards for energy efficiency. 287 Additionally, Virginia allows property tax
exemptions for business or industrial facilities that utilize cogeneration equipment,
such as CHP.288
Kansas allows taxpayers to take a deduction of 55 percent of the amortizable costs
of the system for the first year and 5 percent for the following nine years.289 Kansas
also has a state-run revenue bond program for companies installing waste heat
recovery systems.290 Waste heat recovery includes facilities and equipment that
capture waste heat from electricity generation and use that heat for other
processes rather than letting the heat escape.291 The Kansas Development Finance
Authority issues revenue bonds for financing the construction, purchase, and
installation of waste heat recovery systems.292
END IN TEXT BOX

88

West Virginia could expand on its existing industrial tax incentive programs by
providing tax incentives for specific energy efficiency systems, as is done for
building efficiency systems in Virginia and waste heat recovery systems in Kansas.
The state could also enhance finance options for manufacturers installing energyefficient products. Providing incentives for installing industrial energy efficiency
equipment would remove cost barriers, increase demand, and grow the industry.

Participate in a Regional Energy Efficiency Organization
Regional energy efficiency organizations (REEOs) are network-based organizations
working to advance energy efficiency in forty-six states across the country. Six
regional organizations help states implement energy efficiency policies and create
initiatives and programs to promote energy efficiency in their member states.293
West Virginia is one of the four states that are not members of a REEO. This means
that West Virginian energy providers, the state energy office, the state workforce
development office, and industry participants are not engaging in initiatives that
could help grow the industrial energy efficiency industry in the state.

To
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in-state

industrial

energy

efficiency

stakeholders and grow the industry, West Virginia could join one of the existing
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REEOs. Support from a REEO could increase deployment of industrial energy
efficiency technology in West Virginia. For example, the Northwest Energy Efficiency
Alliance (NEEA) is working to support the market for industrial energy-efficient
products.294 Part of NEEA’s industrial energy efficiency efforts is the Strategic Energy
Management Hub, which allows companies to easily connect to best practice case
studies, access a resource library, and attend networking events.295
Additionally, the Midwest Energy Efficiency Alliance (MEEA) administers the Midwest
Industrial Initiative (MII), a regional network that advocates on behalf of industrial
energy efficiency manufacturers and related businesses. 296 MII also supplies
members with best practice strategies to make informed decisions about energy
efficiency.297 Additionally, MEEA participates and hosts conferences and events for
its members to connect them with state officials, local industry leaders, and utility
program operators involved in the industrial energy efficiency sector.
West Virginia state offices and/or businesses could join either MEEA or the
Southeast Energy Efficiency Alliance (SEEA), or, similar to Kentucky, the state can
join both groups. Joining a REEO would give industry players and policymakers in
West Virginia access to counterparts in other states that are implementing energy
efficiency policies and procedures. Having a regional network and technical support
would help West Virginians explore energy efficiency best practices, like decoupling.
To join, West Virginia’s state energy office and Department of Commerce could
contact the membership office of a REEO and encourage companies in West
Virginia to participate as well. Joining a REEO could mean greater industry growth
and therefore more good-paying jobs for West Virginians.

Incentivize Industrial Energy Performance Using Energy
Performance Indicators
West Virginia’s investor-owned utilities offer nonresidential customers rebates for
qualified energy-efficient equipment upgrades. Some of the qualified equipment
has industrial energy efficiency applications; 298 however, industrial customers
invest in energy efficiency upgrades at a lower rate than residential customers
because of the high upfront costs associated with industrial upgrades. These large
energy consumers need additional incentives beyond equipment rebates to invest
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in new technology. Financial incentives based on energy performance indicators
can provide the additional support needed to spur manufacturers to invest in
energy efficiency equipment.
New Jersey 299 and Massachusetts 300 have used energy performance-based
incentives to aid industrial energy efficiency upgrades. To establish performancebased incentives, utilities must first collect comprehensive data regarding industrial
energy usage through performance indicators. With that data, utilities can set
energy targets, verify when targets are met, and establish energy-savings
incentives. Industrial customers who achieve certain levels of energy savings by
implementing energy efficiency measures receive rebates.
START CALL OUT BOX
Performance-Based Incentives
Performance-based incentives reward utility ratepayers with financial rebates when
they meet specified energy-savings targets after investing in energy efficiency
equipment or adopting efficient building practices.
END CALL OUT BOX

Establish Energy Performance Indicators

Industrial energy performance data can help companies and policymakers better
understand what levels of energy savings industrial facilities can achieve. Energy
performance indicators, such as adjustable tracking and reporting tools, and
metering capabilities allow utilities to accurately track customer energy usage and
adjust for variation throughout the day or year.
Unfortunately, these data are limited in West Virginia. Without a baseline
understanding of energy consumption, it is difficult for utilities to set performancebased targets and verify that they have been met. For this reason, utilities could
benefit from using energy performance indicators. With this data, utilities can offer
industrial customers savings-based financial incentives, which can motivate
manufacturers to reduce energy use more effectively than equipment rebates.
Good models the state can use to help industrial facilities meet energy-savings
qualifications are the ENERGY STAR Energy Performance Indicators and the
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Superior Energy Performance (SEP) program (based on ISO 50001 industrial energy
standards). The ENERGY STAR Energy Performance Indicators can assist industrial
plants in benchmarking their energy performance and comparing them to similar
plants in other states. 301 SEP-certified facilities saw energy performance
improvements of up to 30 percent over three years.302 West Virginia can utilize
existing programs to make it easy for plants to qualify for incentives.

Use Energy Data to Establish Incentives

Once the utilities have established a system for tracking energy data among their
customers, they can set cost-effective energy-savings targets. Facilities could track
energy savings through energy performance indicators like those developed by
ENERGY STAR. 303 When customers meet the pre-determined targets and verify
savings through benchmarking and performance measurements, they receive a
certificate from the utility and rebates that apply to the energy efficiency
installations or equipment. Combining financial incentives with these existing
assessment and performance programs would help West Virginian manufacturers
turn potential efficiency upgrades into a reality.
START IN TEXT BOX
New Jersey’s Pay for Performance Incentive Program
New Jersey offers a Pay for Performance incentive program to all commercial and
industrial buildings for energy efficiency improvements.304 Pay for Performance
participants receive financial incentives through an approved third-party program
partner that works directly with the participant to recommend and install energy
efficiency building equipment. 305 Under this program, the Bayer Corporation
invested $4.2 million in energy efficiency upgrades and received $1.1 million in
financial incentives.306 The project resulted in annual cost savings of $526,876 for
the chemical giant, leading to a payback period of six years on the investment.307
END IN TEXT BOX
West Virginia could adopt performance-based energy efficiency incentives to target
large, energy-consuming industrial plants, and use existing certificate programs,
such as ENERGY STAR, to help execute the incentive program. Adopting these
incentives would help reduce waste and improve industrial competitiveness in West
Virginia.
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Implement a Utility Energy Efficiency Resource Standard
Although West Virginia has some of the lowest retail electricity rates in the nation,
low per-unit costs are offset by high rates of consumption.308 Despite paying 78
percent of the national average per kWh, West Virginia is the fifth-largest, per-capita
consumer of electricity nationwide. 309 As a result, residents’ average monthly
energy bills are higher than those in twenty-five other states and the District of
Columbia.310 To reduce monthly energy bills while maintaining low rates, West
Virginia could consider adopting an Energy Efficiency Resource Standard (EERS)
similar to those adopted by Pennsylvania and Maryland.
START CALL OUT BOX
Energy Efficiency Resource Standard
An Energy Efficiency Resource Standard (EERS) is a statute that requires loadserving entities (LSEs) to reduce a certain percentage of their electrical loads by a
specified date.311 Program designs vary, but they traditionally rely on cost-effective
energy efficiency measures and demand response to achieve energy savings.312
Twenty-six states—including three of West Virginia’s neighbors—had active EERS
programs as of January 2017 and nineteen of those states have provisions and
goals for CHP.313
END CALL OUT BOX
START IN TEXT BOX
Pennsylvania debuted its EERS—known as Act 129—in late 2008. 314 Act 129
required the state’s LSEs to develop plans to: (1) reduce peak demand by 4.5
percent by 2013 and (2) reduce total electrical consumption by 3 percent by 2013,
with an intermediate goal of 1 percent by 2011.315 Under the supervision of the
state Public Utility Commission (PUC), Pennsylvania LSEs achieved 2,073 GWh of
load reduction in the program’s first two years. This initial reduction alone is
projected to save ratepayers $2.3 billion over the efficiency measures’ lifespan.316
Based on the early success of this program, the Pennsylvania PUC has continued to
set energy-savings targets for LSEs.317
Maryland’s 2008 EmPOWER Maryland Energy Efficiency Act similarly required LSEs
to reduce total per-capita consumption to 90 percent of 2007 levels by 2015, using
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a combination of energy efficiency and demand response programs. 318 It also
required incremental reductions in peak demand, culminating in a 15 percent
reduction by 2015.319 After state utilities and energy cooperatives achieved these
energy and demand reduction goals, the Maryland Public Service Commission (PSC)
extended the program through 2020.320 LSEs must now achieve staged reductions
building up to an eventual incremental savings of 2 percent per year.321
END IN TEXT BOX
At present, West Virginia’s energy efficiency and demand response mandates are
comparatively small and the state has no provisions for waste heat recovery. The
state’s major utilities offer a limited selection of PSC-approved energy efficiency
incentives and demand response options, but the load reduction mandates are far
below the same scale as those targeted by neighboring states’ EERS programs.322
West Virginia is therefore well positioned to benefit from an EERS program that
imposes more ambitious load reduction goals on the state’s LSEs and includes
goals for CHP in industrial facilities.
West Virginia’s legislature considered a bill in 2013 to establish an EERS for the
state, HB 2210, which did not move forward.323 Nevertheless, it may provide a good
starting point for establishing a new EERS that better fits the state’s needs. Much
like Maryland’s EERS, HB 2210 required a 15 percent reduction in both electricity
sales and peak demand by 2025 compared to a 2010 baseline. Under this bill,
utilities would be required to establish energy efficiency and demand response
programs in order to meet these targets. 324 The PSC oversight would verify
compliance and ensure the programs remain cost effective for ratepayers.325 By
adopting this type of mandatory energy efficiency standard for utilities, the state
could reduce the financial burden on ratepayers while maintaining low electricity
rates.
Adopting an EERS can help LSEs stay on track to meet their load reductions.
Reducing LSE energy loads through energy efficiency measures is a cost-effective
way to lower reliance on more expensive energy sources and thus provide cost
savings to ratepayers.
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Enable Local Energy and Efficiency Partnership Programs
for Commercial and Industrial Energy Efficiency
START CALL OUT BOX
Local Energy and Efficiency Partnership (LEEP)
The LEEP program allows property owners to finance investments in energy
efficiency with a loan that is repaid through their property tax bill.326 Borrowers
benefit from the loan because it spreads expensive upfront costs to more
affordable installments over a fixed timeframe. Lenders are willing to offer
attractive interest rates because their loan is secured by a tax lien on the
property.327
END CALL OUT BOX
For industrial property owners, the upfront cost of energy efficiency improvements
can present an insurmountable barrier. Energy financing programs, such as the
Local Energy and Efficiency Partnership (LEEP), were developed to help building
owners overcome that cost barrier. LEEP is nearly identical to Property-Assessed
Clean Energy (PACE), except PACE offers financing for clean energy programs in
addition to energy efficiency. PACE-enabling legislation has been introduced in each
legislative session since 2014, but has yet to pass through the legislature.328 The bill
would have authorized local governments to adopt PACE programs and allowed
districts to finance or refinance energy projects on property owned by the
borrower.329 By permitting the implementation of LEEP programs, West Virginians
could create loan programs in the state, allowing property owners to make deep,
comprehensive retrofits and overcome upfront cost barriers to energy efficiency
improvements.330
LEEP for commercial and industrial properties enables low-cost, long-term
financing for energy efficiency improvements made at plants and commercial
buildings. Twenty-one states and the District of Columbia have proposed or have
existing commercial PACE programs and projects, which offer similar benefits to
LEEP.331
START IN TEXT BOX
LEEP Program Design
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When designing a LEEP program, the following features can maximize beneficial
impacts:332
• Voluntary involvement
• One hundred percent financing of hard and soft energy efficiency costs
• Finance terms of up to twenty years
• Option to combine LEEP with utility, local, and federal incentive programs
• Allow energy projects to be permanently affixed to a property
• Coordinate with the local municipality to file LEEP assessments as a lien on
the property
END IN TEXT BOX
Adopting LEEP-enabling legislation allows states to implement industrial energy
efficiency financing programs, such as the program employed by Cambridge
Engineering to install energy efficiency upgrades at its headquarters in Chesterfield,
Missouri.333 Cambridge Engineering is a manufacturer of energy-efficient, heating
and ventilation technology. The company used a PACE mechanism to upgrade its
headquarters by improving the lighting, replacing the roof, upgrading the air
conditioning, and installing new air volume distribution systems.334 The upgrades
improved energy efficiency and reduced energy bills at the headquarters.
Allowing LEEP programs in the state would help West Virginian businesses make
energy efficiency improvements and follow recommendations made by the state
Industrial Assessment Center. 335 Implementing these cost-saving improvements
would help make the state’s industries more competitive in the regional market and
drive demand for industrial energy efficiency products.
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Call to Action
West Virginia’s emerging industrial energy efficiency cluster is a foundation upon
which the state can grow its economy, create jobs, and become a leader in the
production and deployment of advanced energy technology. The policies
recommended in this report are complementary and intended to help West Virginia
manufacture products within the state, foster entrepreneurship for technological
advances, fund innovation with accessible capital, equip workers with needed skills,
and grow demand for energy efficiency technology. The industrial energy efficiency
cluster could serve a significant portion of national demand, especially considering
West Virginia’s abundance of natural resources, strong industrial base, and legacy
as an energy-innovating state.

INSERT IN TEXT BOX
West Virginia has the opportunity to support an annual average of over 6,100
direct, indirect, and induced jobs in the industrial energy efficiency sector
from 2017–2030.
END IN TEXT BOX

To fully realize West Virginia’s potential in the energy efficiency sector and position
the state for continued growth, policymakers will need to make a concerted effort
to seize the opportunity presented by increasing global demand. Strong leadership
plays an important role in promoting West Virginia’s competitive advantage in the
industry and creating quality jobs for residents. State and local economic
development depends on the collective work of many partners across government,
universities, industry, and other stakeholders. This report recommends actions that
each group can take to support the energy efficiency sector. Continued
collaboration is necessary to address barriers to cluster growth and demonstrate
that the state is ripe for investment.
West Virginia’s leaders can draw from among dozens of innovative strategies that
city, county, and state governments across the country and abroad have
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implemented to create job opportunities in the advanced energy sector. Examples
of these best practices and a fully cited version of this report can be found on the
American Jobs Project website at http://americanjobsproject.us/. Furthermore, the
American Jobs Project can continue to serve as a partner to West Virginia by
organizing working groups and conducting deeper analyses, such as identifying
supply chain gaps, exploring policy strategies, and evaluating the state's
comparative advantage in other advanced industries.
When a state succeeds in building an economic cluster, the benefits are felt
throughout the state: a more resilient state economy, a skilled twenty-first century
workforce that is trained for the jobs of tomorrow, a firm base of young people
optimistic about job opportunities close to home, and a rich hub for innovation and
collaboration.

START IN TEXT BOX
Growing the Industrial Energy Efficiency Cluster, Growing Jobs
•

Partner with Industry Associations to Create an Energy Efficiency Industry
Working Group

•

Strengthen and Expand West Virginia’s Foreign Direct Investment Strategy

•

Create an Anchor Company Tax Credit

•

Leverage Philanthropic Funding Via a Foundation Liaison

•

Co-Sponsor a Hackathon to Ignite West Virginia’s Entrepreneurial Culture

•

Encourage Commercialization of Cutting-Edge Research

•

Develop Relationships with Foundations Engaging in Program-Related
Investment

•

Create Tax Incentives for Investment in Startups

•

Coach Businesses on How to Solicit Capital

•

Establish a State Fund of Funds to Stimulate the Investment Environment

•

Support Career-Connected Learning

•

Encourage High School Partnerships with Community and Technical Colleges

•

Align Community College Efforts with Private Sector Needs

•

Offer Industrial Energy Efficiency Tax Incentives to Manufacturers

•

Participate in a Regional Energy Efficiency Organization
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•
•
•

Incentivize Industrial Energy Performance Using Energy Performance
Indicators
Implement a Utility Energy Efficiency Resource Standard
Enable Local Energy and Efficiency Partnership Programs for Commercial and
Industrial Energy Efficiency

END IN TEXT BOX
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Appendix: Economic Impact
Methodology
Modeling Approach
The American Jobs Project combines existing tools, analyses, and projections from
several reputable sources to estimate job potential. Rather than providing a specific
estimate, we show jobs potential across a range of possible outcomes. All jobs are
shown as the average annual jobs that could exist during the analysis timeline
(2017–2030). The actual number of jobs in any given year could vary significantly
from the average, and the annual average is intended to be a target over the
analysis timeline.
We believe the key to job creation lies in local action. Our estimates are intended to
start a conversation about how local stakeholders can work together to set their
goals and utilize the same tools and data that we have used to estimate potential
impacts.
Specifically, the industrial energy efficiency analysis utilized IMPLAN, a proprietary
model maintained by the Minnesota IMPLAN Group. Additionally, industry growth
estimates and benchmarks from IBISWorld and BCC Research were used to
generate impacts across different levels of U.S. market penetration. Industrial
energy efficiency includes products and services from many different industries,
and therefore does not have a specific designation in the North American Industry
Classification System, the basis for most macroeconomic analysis and reporting. To
estimate the economic impacts of industrial energy efficiency, we looked at several
technologies: motors and variable frequency drives; air compressors, CHP, or
cogeneration systems; air sealing and insulation for building shells, machinery, and
equipment; industrial “Internet of Things” sensors; lighting fixtures; and HVAC.
Several supply chain scenarios are presented to identify the impacts of growing the
West Virginia supply chain. The lowest scenario uses the current West Virginia
economy as the model to represent the impacts of targeting direct industrial
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energy efficiency jobs and not developing the industrial energy efficiency supply
chain. The highest scenario uses the entire U.S. economy as the model to represent
the impacts of West Virginia having as complete of an industrial energy efficiency
supply chain as the entire United States. A “midpoint” scenario gives the midpoint
between the upper and lower bounds presented by the other scenarios, and is
used as West Virginia’s target jobs potential in this report.
It is important to note that we do not include any impacts associated with the
construction of new facilities that may result from an increased number of
industrial energy efficiency firms locating in the West Virginia economy during the
analysis timeline, nor do we include the construction and installation jobs
associated with energy efficiency improvements.

Introduction to IMPLAN
IMPLAN is a proprietary regional economic analysis model, maintained by the
Minnesota IMPLAN Group. It uses average expenditure data to estimate how
industry spending cascades throughout the economy to suppliers and consumerfacing industries. IMPLAN tracks multiple rounds of indirect and induced spending
impacts, until that spending “leaks” out of the selected regional economy. A region
is defined by the user, and can be as small as a county or as large as the entire U.S.
economy. For this analysis, both the state of West Virginia and the entire United
States were used.
When a change of spending occurs in an economy, such as increased income for
the industrial energy efficiency industry, spending also increases for supplying
industries and the workforce. This cascading spending, or multiplier effect, can
generate an economic impact that is often larger than the initial spending. This
multiplier effect is created through multiple rounds of spending by industries
paying their suppliers and employees. The supplier industries and employees, in
turn, spend their money on other products or services in the economy. As the
rounds of spending continue, money “leaks” out of the economy for purchasing
products and services that are not available in the region. These leakages are
determined by local purchasing coefficients, which are built in to IMPLAN’s models.
For example, an industry that relies heavily on imported commodity products or
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foreign labor will have a lower impact on the economy than an industry that can
purchase nearly all of its supplies in the regional economy.
The resulting impacts from the spending, including tax revenues, are summed and
presented across three impact categories:
•

•

•

Direct – Increased payments to target industries that support employees of
those industries and generate the expenditures that begin to cascade
through the economy
Indirect – Impacts created by industry-to-industry spending, such as supply
chain purchases, that are first created by direct spending from the target
industry and then through increased spending by suppliers to their supply
chain
Induced – Employees of the target industry and their suppliers consume
products and services, as a result of being supported by direct and indirect
spending (e.g., workers buy homes, cars, haircuts, and coffee). In turn, the
consumer-facing industries can support their employees and those
employees spend more of their income on products and services in the
economy.
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Direct Economic Impacts
•
•
•
•

Increase in industrial output of target industry companies
Increase in GDP contributed by target industry deployment activity
Increase in local, state, and federal taxes
Jobs created or sustained due to payments to the companies supporting the
target industry

$ Purchases

•

•

Equipment
and Materials

Increase in equipment and
material sales to
companies that support
the target industry
Jobs created to support
higher demand of
equipment, materials, and
services

Indirect Economic Impacts

$ Purchases

•
Goods and
Services
$ Purchases

•

Goods and
Services

Increase in sales of
consumer goods and
services
Jobs created to support
greater household
spending on food,
housing, clothing, health,
education, etc.

Induced Economic Impacts

*From U.S. Department of Energy, “Economic Impact of Recovery Act Investments in the
Smart Grid,” April 2013

AJP used the most recent version of IMPLAN for this analysis, which includes 2013
data and improved modeling for regional imports and exports. The IMPLAN model
utilizes input-output data from U.S. National Income and Product Accounts at the
Bureau of Economic Analysis. The model includes 526 economic sectors that are
tied to the North American Industry Classification System codes. Region-specific
multipliers follow the flow of spending from where it originates, as it cascades
throughout supplier industries and employee spending, and eventually “leaks” out
of the regional economy. The sum of the direct and multiple rounds of secondary
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spending show the total impacts, including jobs created or sustained, tax revenues,
proprietor income, and economic output.

Limitations of IMPLAN

It is important to note the limitations of these modeling methods. As mentioned,
the estimates shown are only average annual jobs created or sustained and we
base this off of the total job-years, or one full-time equivalent job sustained for one
year, that exist within the timeframe of our analysis. This does not mean that every
year will have the same number of jobs over the timeline. Any given year could be
above or below the average we present. Job losses in industries that compete with
those in our analysis are also not evaluated. Models do not perfectly predict
behavior, so indirect and induced job 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 towards
developing and maintaining these industries.

Model Inputs
The first step to conducting the economic impact modeling was to identify how to
characterize the industrial energy efficiency industry. As previously mentioned,
there are a wide range of technologies in the industrial energy efficiency industry:
motors and variable frequency drives; air compressors, CHP, or cogeneration
systems; air sealing and insulation for building shells, machinery, and equipment;
industrial “Internet of Things” sensors; lighting fixtures; and HVAC.
Second, a model for estimating the future demand for industrial energy efficiency
technologies was needed. Estimates of market demand for industrial energy
efficiency technologies were taken from BCC Research and IBISWorld reports for
specific industrial energy efficiency technologies. Annual demand through 2030 was
derived from the current market demand estimates and compound annual growth
rates through 2030. We assume, for this analysis, that the rates stay constant
through 2030, if they did not project that far into the future.
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Third, a model for estimating wages and owner income was needed. Estimates of
average wages were taken from IBISWorld. Owner income was also derived from
IBISWorld, wherever possible.
Finally, the current market penetration of West Virginia’s industrial energy efficiency
industry was estimated as a function of current estimated firm concentration in the
target industries. IBISWorld’s ratio for employment per unit of revenue and the
current concentration of firms in West Virginia were applied to BCC’s market
demand totals to estimate current employment and revenues. Scenarios were
developed by exploring modest increases in the estimated market share, with the
upper bound set as halfway between West Virginia and the current regional market
leader for each technology. Impacts from improving supply chain concentration
utilized the current West Virginia economy, an equivalent to the current U.S.
economy, and the midpoint between these two bounds. Using West Virginia’s
current economy for the first supply chain scenario would indicate that West
Virginia maintains the status quo and attracts no new businesses to supply their
industrial energy efficiency industry. Using the U.S. economy as an “U.S. Equivalent”
scenario would indicate that West Virginia attracts suppliers that could meet the
same demand as the current U.S. economy. The “Status Quo” scenario is a lower
bound and the “U.S Equivalent” scenario is an upper bound. The “Midpoint”
scenario is used to identify a reasonable target number of jobs for West Virginia.

Technology

Current WV

Median

High

Regional

Regional

Market

Scenario

Scenario

Market Leader

Market

Share

Leader

Share
Boilers, Heat Recovery Steam
Generators, Cogeneration, and

0.7%

2.8%

4.9%

9.1%

NY

HVAC

0.1%

1.48%

2.85%

5.6%

PA

Motors and Transformers

0.8%

2.03%

3.25%

5.7%

OH

Pumps and Compressors

0.5%

1.63%

2.75%

5.0%

OH

Variable Frequency Drives

0.2%

1.88%

3.55%

6.9%

PA

Sensors

0.2%

1.65%

3.1%

5.7%

MA

Sealants

0.6%

2.48%

4.35%

8.1%

OH

Lighting Fixtures

0.1%

1.4%

2.7%

5.3%

IL

Insulation

0.5%

1.7%

2.9%

5.3%

PA

Trigeneration
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Model Outputs
Once the data were prepared for input into IMPLAN, we ran the model for each
scenario and generated the outputs. Outputs were reported for direct, indirect, and
induced impacts under each scenario in terms of employment, labor income, GDP,
total economic output, and state/local and federal tax revenue. Only employment is
presented in the report, and we represent this output as the average annual
employment during the analysis period. The additional output data is available by
request.

1

“Economy and Terrorism Are Top Issues for Voters in 2016,” Pew Research Center, July 7,2016,
accessed October 25, 2016, http://www.people-press.org/2016/07/07/4-top-voting-issues-in-2016election/4_1-2/; Justin McCarthy, “Economy Continues to Rank as Top U.S. Problem,” Gallup, May 16,
2016, accessed October 25, 2016, http://www.gallup.com/poll/191513/economy-continues-rank-topproblem.aspx.
2
“The Low-Wage Recovery and Growing Inequality,” National Employment Law Project, pg. 2, August
2012, accessed November 24, 2016,
http://www.nelp.org/content/uploads/2015/03/LowWageRecovery2012.pdf.
3

Ibid.

4

George W. Bush, Decision Points (New York: Crown Publishers, 2010), pg. 427.

5

Martin LaMonica, “John Doerr: Not Nearly Enough Money Going to Green Tech,” CNET, April 12,

2008, accessed November 28, 2016, http://www.cnet.com/news/john-doerr-not-nearly-enoughmoney-going-to-green-tech/; “Energy Industry Spotlight,” U.S. Department of Commerce International
Trade Administration, accessed October 25, 2016, https://www.selectusa.gov/energy-industry-unitedstates.
6

“Advanced Energy Now 2016 Market Report,” Advanced Energy Economy, pg. 4, March 2016,

accessed October 20, 2016, http://info.aee.net/hubfs/PDF/AEN-2016-Market-Report.pdf.
7

Ibid.

8

“Renewable Energy and Jobs: Annual Review 2016,” International Renewable Energy Agency, pg. 4, 17,

2016, accessed October 25, 2016,
http://www.se4all.org/sites/default/files/IRENA_RE_Jobs_Annual_Review_2016.pdf; “Renewable
Energy Benefits: Measuring the Economics,” International Renewable Energy Agency, pg. 40, 2016,
accessed November 8, 2016,
http://www.irena.org/DocumentDownloads/Publications/IRENA_Measuring-theEconomics_2016.pdf.
9

Jacob Goldstein, “Manufacturing Jobs Aren’t Coming Back, No Matter Who’s President,” National
Public Radio, June 28, 2013, accessed November 28, 2016,
http://www.npr.org/sections/money/2012/10/17/163074704/manufacturing-jobs-arent-comingback-no-matter-whos-president; Eduardo Porter, “The Mirage of a Return to Manufacturing
Greatness,” The New York Times, April 26, 2016, accessed November 8, 2016,

106

http://www.nytimes.com/2016/04/27/business/economy/the-mirage-of-a-return-to-manufacturinggreatness.html.
10
“Clean Energy Defies Fossil Fuel Price Crash to Attract Record $329bn Global Investment in 2015,”
Bloomberg New Energy Finance, January 14, 2016, accessed November 28, 2016,
https://about.bnef.com/press-releases/clean-energy-defies-fossil-fuel-price-crash-to-attract-record329bn-global-investment-in-2015/.
11

Luke Mills and Angus McCrone, “Clean Energy Investment By the Numbers – End of Year 2015,”

Bloomberg New Energy Finance, January 3, 2015, accessed November 28, 2016,
https://www.bnef.com/dataview/clean-energy-investment/index.html.
12

Jeff McMahon, “Americans Want America to Run on Solar and Wind,” Forbes, January 1, 2015,

accessed November 28, 2016, http://www.forbes.com/sites/jeffmcmahon/2015/01/01/americanswant-america-to-run-on-solar-and-wind/.
13

“Renewable Energy Prospects: United States of America,” International Renewable Energy Agency,

pg. 2, January 2015, accessed October 25, 2016,
http://www.irena.org/REmap/IRENA_REmap_USA_report_2015.pdf.
14

“2017 U.S. Energy and Employment Report, U.S. Department of Energy, pg. 8-9, January 2017,

accessed January 17, 2017,
https://energy.gov/sites/prod/files/2017/01/f34/2017%20US%20Energy%20and%20Jobs%20Report_0
.pdf.
15

Ibid.

16

“The Clean Energy Future,” Synapse Energy Economics, 2015, accessed November 28,

2016, http://www.synapse-energy.com/sites/default/files/Clean-Energy-Future-15-054.pdf.
17

“Table B-3a. Average hourly and weekly earnings of all employees on private nonfarm payrolls by

industry sector, seasonally adjusted,” U.S. Bureau of Labor Statistics, November 4, 2016, accessed
November 28, 2016, http://www.bls.gov/web/empsit/ceseeb3a.htm; “Minimum Wage,” U.S.
Department of Labor, accessed November 28,
2016, https://www.dol.gov/general/topic/wages/minimumwage.
18

Richard Fry and Rakesh Kochhar, “Are you in the American middle class?,” Pew Research

Center, May 11, 2016, accessed November 28, 2016, http://www.pewresearch.org/facttank/2016/05/11/are-you-in-the-american-middle-class/.
19

Enrico Moretti, The New Geography of Jobs, (New York: First Mariner Books 2013), 61.

20

Michael E. Porter, “Clusters of Innovation: Regional Foundations of U.S. Competitiveness,” Council

on Competitiveness, pg. 7, October 2001, accessed November 28, 2016,
http://www.hbs.edu/faculty/Publication%20Files/COI_National_05202014_ad0fe06c-674c-494b-96f66882db4e6aaf.pdf.
21

Ibid.

22

Ibid, pg. 53-54.

23

“What Are Clusters?,” Harvard Business School's Institute for Strategy & Competitiveness, accessed

November 28, 2016, http://www.isc.hbs.edu/competitiveness-economic-development/frameworksand-key-concepts/Pages/clusters.aspx.
24

“New England's Cleantech Innovation Landscape,” Harvard Business School's Institute for Strategy &

Competitiveness, February 2014, accessed November 28, 2016,

107

http://www.clustermapping.us/resource/new-englands-cleantech-innovation-landscape-snapshotgrowing-cluster.
25

Christian H.M. Ketels and Olga Memedovic, “From clusters to cluster-based economic

development,” Int. J. Technological Learning, Innovation, and Development 1, no. 2 (2008), accessed
January 10, 2017,
https://www.clustermapping.us/sites/default/files/files/resource/From_clusters_to_clusterbased_economic_development.pdf; Eugene L. Seeley, “A New View on Management Decisions that
Lead to Locating Facilities in Industrial Clusters,” The Journal of Business Inquiry, 2011, accessed
January 26, 2017, https://www.uvu.edu/woodbury/docs/anewvewonmanagement.pdf.
26

Enrico Moretti, “Local Multipliers,” American Economic Review: Papers & Proceedings 100 (May 2010),

accessed November 28, 2016, http://eml.berkeley.edu//~moretti/multipliers.pdf.
27

“Facts and Stats: Buildings and Plants,” ENERGY STAR, accessed April 4, 2017,
https://www.energystar.gov/buildings/about-us/facts-and-stats.
28
Ibid.
29
“Industrial Sector,” Business Dictionary, accessed April 3, 2017,
http://www.businessdictionary.com/definition/industrial-sector.html.
30
“February 2017,” U.S. Energy Information Administration, pg. 28, February 2017, accessed February
27, 2017, http://www.eia.gov/totalenergy/data/monthly/pdf/mer.pdf; “Barriers to Industrial Energy
Efficiency,” U.S. Department of Energy, pg. iii, June 2015, accessed May 5, 2017,
https://energy.gov/sites/prod/files/2015/06/f23/EXEC-2014-005846_6%20Report_signed_v2.pdf.
31
“Industrial Energy Efficiency 101: The Basics of How Industry Uses and Conserves Energy,” Alliance
to Save Energy, accessed March 27, 2017, https://www.ase.org/resources/industrial-energy-efficiency101-basics-how-industry-uses-and-conserves-energy.
32
Ibid.
33
Ibid.
34
“How Opt Outs Hurt PA Efficiency,” NEEP, pg. 1, November 2015, accessed March 29, 2017,
http://www.neep.org/sites/default/files/resources/Factsheet%20How%20Opt%20Outs%20Hurt%20PA%20Efficiency.pdf.
35
“Myths and Facts About Industrial Opt Out Provisions,” ACEEE, accessed March 29, 2017,
http://aceee.org/sites/default/files/ieep-myths-facts.pdf; “How Opt Outs Hurt PA Efficiency,” NEEP,
pg. 1, November 2015, accessed March 29, 2017,
http://www.neep.org/sites/default/files/resources/Factsheet%20How%20Opt%20Outs%20Hurt%20PA%20Efficiency.pdf.
36
“Energy Efficiency Market Report 2016,” International Energy Association, pg. 15, 2016, accessed
March 27, 2017, https://www.iea.org/eemr16/files/medium-term-energy-efficiency-2016_WEB.PDF.
37
“Global Industrial Energy-Efficiency Services Market Predicted to Exceed USD 10 Billion by 2020:
Technavio,” BusinessWire, December 26, 2016, accessed April 14, 2017,
http://www.businesswire.com/news/home/20161226005041/en/Global-Industrial-Energy-EfficiencyServices-Market-Predicted-Exceed.
38
“Advanced Energy Now 2017 Market Report,” Advanced Energy Economy, 2017, accessed May 8,
2017, http://info.aee.net/aen-2017-market-report.
39
“Energy Efficiency Jobs in America,” NAESCO, pg. 6, 2016, accessed March 27, 2017,
http://www.naesco.org/data/industryreports/EnergyEfficiencyJobsInAmerica_FINAL.pdf.
40
“Urethane Foam Manufacturing: Industry Outlook,” IBISWorld, accessed March 27, 2017,
http://clients1.ibisworld.com/reports/us/industry/industryoutlook.aspx?entid=518.

108

41

“Urethane Foam Manufacturing: Products and Markets,” IBISWorld, accessed March 27, 2017,
http://clients1.ibisworld.com/reports/us/industry/productsandmarkets.aspx?entid=518.
42
Ibid.
43
“Facts and Stats: Buildings and Plants,” ENERGY STAR, accessed April 4, 2017,
https://www.energystar.gov/buildings/about-us/facts-and-stats.
44
“State Energy Consumption Estimates,” U.S. Energy Information Administration, pg. 15, June 2016,
accessed February 23, 2014, https://www.eia.gov/state/seds/sep_use/notes/use_print.pdf.
45
“State Energy Consumption Estimates,” U.S. Energy Information Administration, pg. 15, June 2016,
accessed February 23, 2014, https://www.eia.gov/state/seds/sep_use/notes/use_print.pdf; “Rankings:
Total Energy Consumed per Capita, 2014,” U.S. Energy Information Administration, accessed May 8,
2017, https://www.eia.gov/state/rankings/#/series/12.
46
“State Energy Consumption Estimates,” U.S. Energy Information Administration pg. 8-10, June 2016,
accessed February 23, 2014, https://www.eia.gov/state/seds/sep_use/notes/use_print.pdf.
47
“Use of Energy in the United States Explained: Energy Use in Industry,” U.S. Energy Information
Administration, accessed March 27, 2017,
https://www.eia.gov/energyexplained/index.cfm?page=us_energy_industry.
48
“Industrial Energy Efficiency Basics,” U.S. Department of Energy, accessed March 27, 2017,
https://energy.gov/eere/energybasics/industrial-energy-efficiency-basics.
49
“Myths and Facts About Industrial Opt Out Provisions,” ACEEE, accessed March 29, 2017,
http://aceee.org/sites/default/files/ieep-myths-facts.pdf; “How Opt Outs Hurt PA Efficiency,” NEEP,
pg. 1, November 2015, accessed March 29, 2017,
http://www.neep.org/sites/default/files/resources/Factsheet%20How%20Opt%20Outs%20Hurt%20PA%20Efficiency.pdf; Patrick Kiker, “New Report Finds Energy
Efficiency is America’s Cheapest Energy Resource,” ACEEE, March 25, 2014, accessed April 12, 2017,
http://aceee.org/press/2014/03/new-report-finds-energy-efficiency-a.
50
“Why does the Council Focus on Efficiency?,” NW Council, accessed April 12, 2017,
https://www.nwcouncil.org/energy/energy-efficiency/home/.
51
“Table H-8. Median Household Income by State,” U.S. Census Bureau, accessed February 27, 2017,
https://www.census.gov/data/tables/time-series/demo/income-poverty/historical-incomehouseholds.html; “Table 21. Number of Poor and Poverty Rate, By State,” U.S. Census Bureau,
accessed February 27, 2017, https://www.census.gov/data/tables/time-series/demo/incomepoverty/historical-poverty-people.html.
52
“Table H-8. Median Household Income by State,” U.S. Census Bureau, accessed February 27, 2017,
https://www.census.gov/data/tables/time-series/demo/income-poverty/historical-incomehouseholds.html; “Community Facts,” U.S. Census Bureau, accessed February 24, 2017,
https://factfinder.census.gov/bkmk/cf/1.0/en/state/West Virginia/POVERTY/BLW_LVL_PCT.
53
“2016 State of Working West Virginia,” West Virginia Center on Budget and Policy, pg. 24, accessed
February 24, 2017, http://www.wvpolicy.org/wpcontent/uploads/2017/01/WVCBP_WVREPORT2016_Singles.pdf.
54
“Annual Coal Report 2014,” U.S. Energy Information Administration, pg. vii, March 2016, accessed
February 13, 2017, http://www.eia.gov/coal/annual/archive/05842014.pdf; “Annual Coal Report
2015,” U.S. Energy Information Administration, pg. vii, November 2016, accessed February 13, 2017,
http://www.eia.gov/coal/annual/pdf/acr.pdf.
55
Calvin A. Kent, “The Cruel Coal Facts: The Impact on West Virginia Counties from the Collapse of
the Coal Economy,” National Association of Counties, pg. 1, September 4, 2016, accessed January 31,
2017, www.marshall.edu/cber/docs/2016-09-Cruel_Coal.pdf.

109

56

“West Virginia Economic Outlook 2017-2021,” WVU Bureau of Business and Economic Research, pg.
11, 2016, accessed February 23, 2017, http://business.wvu.edu/files/d/f28ea037-57de-4c55-a177a354b2312751/wv-economic-outlook-2017-1.pdf.
57
Ibid, pg. 25.
58
“Databases, Tables, & Calculators by Subject,” U.S. Bureau of Labor Statistics, accessed February 23,
2017,
https://data.bls.gov/timeseries/SMS54000003000000001?amp%253bdata_tool=XGtable&output_vie
w=data&include_graphs=true.
59
“Chemicals and Polymers,” West Virginia Department of Commerce, accessed March 24, 2017,
http://www.wvcommerce.org/business/industries/chempoly/default.aspx.
60
“2016 West Virginia Economic Outlook,” WVU Bureau of Business and Economic Research, 2015,
accessed January 31, 2017, http://business.wvu.edu/files/d/38012379-f318-4225-a099c9f1f87bfc65/wv-economic-outlook-2016.pdf.
61
“Chemicals and Polymers,” West Virginia Department of Commerce, accessed March 24, 2017,
http://www.wvcommerce.org/business/industries/chempoly/default.aspx.
62
“The Economic Impact of the Polymer Industry in West Virginia,” The Polymer Alliance Zone, pg. 2,
2009, accessed April 14, 2017,
www.marshall.edu/cber/docs/2009_10_06_PolymerIndustryImpactReport.pdf.
63
“The Largest Natural Gas Reserves Are Now Located in Northeastern United States,” Shale Crescent
USA, accessed April 1, 2017, http://shalecrescentusa.com/natural-gas/resources.html.
64
“West Virginia Economic Outlook 2017-2021,” WVU Bureau of Business and Economic Research, pg. 1,
19, 2016, accessed February 23, 2017, http://business.wvu.edu/files/d/f28ea037-57de-4c55-a177a354b2312751/wv-economic-outlook-2017-1.pdf.
65
“West Virginia,” U.S. Energy Information Administration, accessed January 31, 2017,
http://www.eia.gov/state/?sid=wv; James Van Nostrand, Evan Hansen, Beren Argetsinger, and Joseph
James, “The Clean Power Plan and West Virginia: Compliance Options and New Economic
Opportunities,” WVU College of Law, pg. 9, June 15, 2015, accessed January 31, 2017,
http://www.downstreamstrategies.com/documents/reports_publication/clean-power-plan-finalreport.pdf.
66
“Why West Virginia,” West Virginia Department of Commerce, accessed April 1, 2017,
http://www.wvcommerce.org/business/whywestvirginia/location.aspx.
67
“Industrial and Manufacturing,” Johnson Controls, accessed April 4, 2017,
http://www.johnsoncontrols.com/buildings/solutions-by-industry/industrial-and-manufacturing;
“Location Finder,” Johnson Controls, accessed May 8, 2017, http://www.johnsoncontrols.com/locationfinder.
68
Consortium for Building Energy Innovation, accessed March 31, 2017, http://cbei.psu.edu/.
69
“High Performance Computing Meets Energy Efficiency,” National Renewable Energy Laboratory,
accessed May 10, 2017,
http://www.nrel.gov/continuum/energy_integration/high_performance_computing.html.
70
“Energy Department Announces $3.9 Million to Help Industry Address High Performance
Computing Challenges,” U.S. Department of Energy, May 8, 2017, accessed May 10, 2017,
https://energy.gov/eere/articles/energy-department-announces-39-million-help-industry-addresshigh-performance.
71
NETL HPC, accessed May 10, 2017, https://hpc.netl.doe.gov/; “NOAA Establishes Supercomputing
Center in West Virginia,” National Oceanic and Atmospheric Administration, October 13, 2010, accessed
May 10, 2017, http://www.noaanews.noaa.gov/stories2010/20101013_fairmont.html; “High

110

Performance Computing,” West Virginia University, accessed May 10, 2017,
http://it.wvu.edu/research/research-computing/high-performance-computing; “BigGreen Cluster,”
Marshall University, accessed May 10, 2017, http://www.marshall.edu/itresearch/resources-andtools/biggreen-cluster/.
72
Reid Frazier, “PA, WV, OH Team Up on Shale Gas Related Manufacturing and Chemical
Development,” State Impact, October 13, 2015, accessed March 31, 2017,
https://stateimpact.npr.org/pennsylvania/2015/10/13/pa-wv-oh-team-up-on-shale-gas-relatedmanufacturing-and-chemical-development/; Paul J. Gough, “Why Pennsylvania, West Virginia, and
Ohio are Working Together to Build Petrochemical Industry,” Pittsburgh Business Times, June 27, 2016,
accessed March 31, 2017, http://www.bizjournals.com/pittsburgh/news/2016/06/27/whypennsylvania-west-virginia-and-ohio-are.html.
73
“The Contributions of Insulation to the U.S. Economy in 2016,” American Chemistry Association, pg.
9, February 2017, accessed May 5, 2017, https://polyurethane.americanchemistry.com/TheContributions-of-Insulation-to-the-US-Economy-in-2016.pdf.
74
“West Virginia Operations,” Dow Chemical Company, accessed March 27, 2017,
http://www.dow.com/ucc/locations/westvir/awv/inf04.htm.
75
“Building green with energy-efficient materials: Insulation,” U.S. Green Building Council, accessed
April 5, 2017, http://www.usgbc.org/articles/building-green-energyefficient-materials-insulation.
76
Ibid.
77
Ibid.
78
James Van Nostrand, “The Case for Promoting Utilization of West Virginia’s Vast Natural Gas
Resources: Combined Heat and Power Facilities,” WVU College of Law, pg. 2, accessed April 5, 2017,
http://energy.law.wvu.edu/files/d/53662e46-aa9c-4461-ad7c-73d554400fe9/chp-discussionpaper.pdf.
79
“Combined Heat and Power Installations in West Virginia,” U.S. Department of Energy, accessed April
5, 2017, https://doe.icfwebservices.com/chpdb/state/WV.
80
“West Virginia Economic Outlook 2017-2021,” WVU Bureau of Business and Economic Research, pg.
25, 2016, accessed May 2, 2107, http://business.wvu.edu/files/d/f28ea037-57de-4c55-a177a354b2312751/wv-economic-outlook-2017-1.pdf.
81
“Combined Heat and Power (CHP) Technical Potential in the U.S.,” U.S. Department of Energy, pg. 1,
March 2016, accessed March 22, 2017,
https://www.energy.gov/sites/prod/files/2016/04/f30/CHP%20Technical%20Potential%20Study%20331-2016%20Final.pdf.
82
Ibid.
83
“Industrial Combined Heat and Power Capacity Will Grow 30 Percent per Year Through 2023,”
Navigant Research, May 7, 2014, accessed May 5, 2017,
https://www.navigantresearch.com/newsroom/industrial-combined-heat-and-power-capacity-willgrow-30-percent-per-year-through-2023.
84
“Metals,” West Virginia Department of Commerce, accessed May 5, 2017,
http://www.wvcommerce.org/business/industries/metals.aspx.
85
“West Virginia Economic Outlook 2017-2021,” WVU Bureau of Business and Economic Research, pg.
12, 2016, accessed May 2, 2017, http://business.wvu.edu/files/d/f28ea037-57de-4c55-a177a354b2312751/wv-economic-outlook-2017-1.pdf.
86
“About,” WVU Energy Institute, accessed April 1, 2017, http://energy.wvu.edu/about.
87
“About NRCCE,” WVU NRCCE, accessed April 1, 2017, http://nrcce.wvu.edu/about/.

111

88

“2017 Project Portfolio: Solid-State Lighting,” U.S. Department of Energy, January 2017, accessed
March 31, 2017, https://energy.gov/sites/prod/files/2017/01/f34/ssl_rd-portfolio_jan2017.pdf.
89
“NETL Research,” NETL, accessed March 14, 2017, http://netl.doe.gov/research; “Buildings and
Efficiency,” NETL, accessed March 14, 2017, https://www.netl.doe.gov/research/energyefficiency/buildings-and-efficiency/solid-state-lighting.
90
“America’s SSL Team,” U.S. Department of Energy, accessed March 31, 2017,
https://energy.gov/eere/ssl/america-s-ssl-team.
91
“Chemical Process Technologies,” MATRIC, accessed April 1, 2017,
http://matricresearch.com/chemical-process-technologies/.
92
“Our Story,” MATRIC, accessed April 1, 2017, http://matricresearch.com/our-story/.
93
“About the West Virginia Research Technology Park,” West Virginia Regional Technology Park,
accessed March 14, 2017, http://www.wvrtp.com/why-wvrtp/; “West Virginia Regional Technology
Park,” West Virginia Higher Education Policy Commission, accessed March 14, 2017,
http://www.wvhepc.edu/inside-the-commission/offices-and-affiliates/west-virginia-regionaltechnology-park/.
94
“Available Space,” West Virginia Regional Technology Park, accessed May 5, 2017,
http://www.wvrtp.com/available-space/.
95
“West Virginia Regional Technology Park Corporation,” Joint Committee on Government and Finance,
pg. 3, July 15, 2011, accessed April 1, 2017,
http://www.legis.state.wv.us/legisdocs/reports/agency/H03_FY_2011_1174.pdf.
96
“Launch of ChemCeption Incubator at the WV Regional Tech Park,” TechConnectWV, April 1, 2014,
accessed April 1, 2017, http://techconnectwv.org/events/launch-of-chemception-incubator-at-thewv-regional-tech-park-april-1-2014/.
97
“About RCBI,” Robert C. Byrd Institute, accessed March 14, 2017,
http://www.rcbi.org/index.php/about-us.
98
Rubberlite, accessed May 5, 2017, http://www.rubberlite.com/.
99
“Huntington Manufacturer Has a Worldwide Reach,” Robert C. Byrd Institute, accessed May 5, 2017,
http://www.rcbi.org/index.php/about/success-stories/29-success-stories/780-huntingtonmanufacturer-has-a-worldwide-reach.
100
Ibid.
101
“Mission,” TechConnectWV, accessed March 14, 2017, http://techconnectwv.org/organization/.
102
“Programs,” TechConnectWV, accessed May 5, 2017,
http://techconnectwv.org/innovation/programs/.
103
“Overview,” WVU Collegiate Business Plan Competition, accessed April 27, 2017,
http://busecon.wvu.edu/bpc/overview.htm.
104
Ibid.
105
“2017 TransTech Energy Business Development Conference Agenda,” TransTech Energy
Conference, accessed May 5, 2017, http://transtechenergy.org/agendas/; “TransTech Energy Business
Development Conference,” TransTech Energy Conference, accessed May 5, 2017,
http://transtechenergy.org/wp-content/uploads/2017/03/2017-TTE-Conference-Brochure-3-3117.pdf.
106
“Share of Venture Capital Dollars and Deals by State, 2010-2015,” SSTI, February 24, 2016,
accessed March 21, 2017, http://ssti.org/sites/default/files/VC%20by%20State_0.xlsx.
107
“Venture Capital Dollars and Deals Per Capita by State, 2010-2015,” SSTI, accessed May 8, 2017,
http://ssti.org/sites/default/files/VC%20by%20State_0.xlsx.

112

108

“MoneyTree Report,” PwC, accessed March 27, 2017,
https://www.pwc.com/us/en/technology/moneytree/explorer.html#/type=history&category=Sector&
currentQ=Q4%202016&qRangeStart=Q1%202008&qRangeEnd=Q4%202016&chartType=bar&mfst=
West%20Virginia.
109
“MoneyTree Report,” PwC, accessed March 31, 2017,
https://www.pwc.com/us/en/technology/moneytree/explorer.html#/type=history&category=&curren
tQ=Q4%202016&qRangeStart=Q1%202008&qRangeEnd=Q4%202016&chartType=bar&mfst=Kentuc
ky.
110
“Smaller State Rankings,” Kauffman, accessed March 27, 2017,
http://www.kauffman.org/kauffman-index/rankings?report=startup-activity&indicator=serate&type=smaller; “Rate of New Entrepreneurs,” The Kauffman Index, accessed March 27, 2017,
http://www.kauffman.org/kauffman-index/profiles?loc=54&name=westvirginia&breakdowns=startup-activity|overall,main-street|overall,growth|overall.
111
“Rate of New Entrepreneurs,” The Kauffman Index, accessed March 27, 2017,
http://www.kauffman.org/kauffman-index/profiles?loc=54&name=westvirginia&breakdowns=startup-activity|overall,main-street|overall,growth|overall.
112
“About ARC,” Appalachian Regional Commission, accessed May 12, 2017,
https://www.arc.gov/about/index.asp.
113
“Investments in West Virginia,” Appalachian Regional Commission, accessed May 12, 2017,
https://www.arc.gov/images/appregion/fact_sheets/WestVirginiaFactSheet2-17.pdf.
114
Ibid.
115
“WVCAP,” West Virginia Department of Commerce, accessed May 3, 2017,
http://www.wvcommerce.org/info/west-virginia-edge/wv-edge-issue12012/small_businesses_score_big/wvcap.aspx.
116
“Philosophy,” West Virginia Jobs Investment Trust, accessed April 3, 2017,
http://www.wvjit.org/philosophy/.
117
“INNOVA Commercialization Group,” WV High Technology Foundation, accessed March 27, 2017,
http://wvhtf.org/innova-commercialization-group/.
118
Ibid.
119
“Loan Insurance Program,” WVEDA, accessed April 3, 2017, http://www.wveda.org/node/5.
120
Ibid.
121
Andrew Brown, “WV EDA to lose $3.5M in loan insurance funds,” Charleston Gazette-Mail, June 17,
2016, accessed April 13, 2017, http://www.wvgazettemail.com/news-business/20160617/wv-eda-tolose-35m-in-loan-insurance-funds.
122
Ibid.
123
HB 2615, West Virginia Legislature, 2016 Regular Session, March 8, 2016,
http://www.legis.state.wv.us/Bill_Status/bills_text.cfm?billdoc=HB2615%20SUB%20ENR.htm&yr=201
6&sesstype=RS&billtype=B&houseorig=H&i=2615.
124
Ibid.
125
Ibid.
126
Tanya Prive, “Inside The JOBS Act: Equity Crowdfunding,” Forbes, November 6, 2012, accessed May
8, 2017, https://www.forbes.com/sites/tanyaprive/2012/11/06/inside-the-jobs-act-equitycrowdfunding-2/.
127
“West Virginia Officials Say Unemployment Declined in January,” US News & World Report, March 1,
2017, accessed April 7, 2017, https://www.usnews.com/news/best-states/west-virginia/articles/201703-01/west-virginia-officials-say-unemployment-declined-in-january.

113

128

“Unemployment Rates Rise in all 55 West Virginia Counties,” The Herald-Dispatch, March 9, 2017,
accessed April 7, 2017, http://www.herald-dispatch.com/business/unemployment-rate-up-in-all-wvcounties/article_9a1d5091-bd95-5062-8143-ef599f68f62e.html.
129
Maureen Conway and Robert P. Giloth, “Connecting People to Work: Workforce Intermediaries
and Sector Strategies,” CreateSpace Independent Publishing Platform, pg. 1-19, 2014, accessed January
29, 2016, https://assets.aspeninstitute.org/content/uploads/2014/06/Final-Version-ConnectingPeople-to-Work.pdf.
130
“Simulated Workplace,” West Virginia Department of Education, accessed April 7, 2017,
http://wvde.state.wv.us/simulated-workplace/.
131
“Advanced Technology Center,” Bridge Valley Community & Technical College, accessed April 7,
2017, http://www.bridgevalley.edu/advanced-technology-center-0.
132
Kelsie LeRose, “WV’s Second Tech Training Center Opens in Fairmont,” West Virginia Press,
November 1, 2016, accessed April 7, 2017, http://wvpress.org/breaking-news/wvs-second-techtraining-center-opens-fairmont/.
133
“Toyota Hall,” Bridge Valley Community and Technical College, accessed April 7, 2017,
http://www.bridgevalley.edu/toyota-hall.
134
“The Dow Chemical Company Recognized Graduates of an Accelerated Chemical Processing
Technology Program Offered in Partnership with BridgeValley,” BridgeValley Community & Technical
College, accessed May 5, 2017,
http://www.bridgevalley.edu/sites/default/files/BridgeValley_Site_Files/News/DOW%20Accelerated%
20Chemical%20Processing.pdf.
135
“Energy Efficiency Jobs in America,” NAESCO, pg. 121, 2016, accessed March 27, 2017,
http://www.naesco.org/data/industryreports/EnergyEfficiencyJobsInAmerica_FINAL.pdf.
136
Ibid.
137
“Spray Foam,” Sky Insulation, accessed April 14, 2017, http://skyinsulation.com/sprayfoam.html.
138
“Industrial,” Tri-State Service Group, accessed April 14, 2017, http://tristateservicegroup.com/industrial/.
139
“Energy Efficiency Jobs in America,” NAESCO, pg. 121, 2016, accessed March 27, 2017,
http://www.naesco.org/data/industryreports/EnergyEfficiencyJobsInAmerica_FINAL.pdf.
140
Ibid, pg. 4.
141
Ibid, pg. 6.
142
“West Virginia Operations,” Dow Chemical, accessed April 14, 2017,
http://www.dow.com/ucc/locations/westvir/awv/; “North America,” Covestro, accessed April 14, 2017,
http://www.covestro.us/en/sites/overview; “New Martinsville Industrial Park,” West Virginia
Department of Commerce, accessed April 14, 2017,
http://www.wvcommerce.org/App_Media/Assets/publications/businessworkforce/Bayer_NewMartin
sville.pdf; “Research, Testing, and Chemical Manufacturing Locations,” Chemours, accessed April 14,
2017, https://www.chemours.com/our-company/global-reach/; “Contact,” Addivant, accessed April
14, 2017, https://www.addivant.com/contact.
143
CFOAM Limited Carbon Innovations, accessed May 5, 2017, http://www.cfoam.com/.
144
“CFOAM Limited Prospectus,” CFOAM Limited, accessed April 11, 2017, http://www.cfoam.com/wpcontent/uploads/CFOAM-Prospectus-IPO-and-Supplementary.FINAL-VERSION.pdf.
145
“Facilities,” Touchstone Research Laboratory, accessed May 5, 2017, http://www.trl.com/facilities/.
146
“Carbon Foam Innovative Processing,” SBIR, 2002, accessed May 8, 2017,
https://www.sbir.gov/sbirsearch/detail/335658.

114

147

“Our History,” Tri-State Service Roofing and Sheet Metal Group, accessed April 11, 2017, http://tri-

stateservicegroup.com/our-history/.
148

“Locations,” Tri-State Service Roofing and Sheet Metal Group, accessed April 11, 2017, http://tri-

stateservicegroup.com/locations-4/.
149

“About,” Tri-State Service Roofing and Sheet Metal Group, accessed April 11, 2017, http://tri-

stateservicegroup.com/about/.
150

“Building Green,” Tri-State Service Roofing and Sheet Metal Group, accessed April 11, 2017, http://tri-

stateservicegroup.com/building-green/.
151

“What is TREIA?,” Texas Renewable Energy Industries Alliance, accessed April 7, 2017,
http://www.treia.org/what-is-treia/.
152
“About,” Colorado Cleantech Industries Association, accessed April 7, 2017,
http://coloradocleantech.com/about/.
153
“What We Do,” Energy Fellows Institute, accessed April 7, 2017, http://energyfellows.com/what-wedo/.
154
“About Us – Who We Are,” Polymer Alliance Zone, accessed March 14, 2017,
http://pazwv.org/about-us/who-we-are.aspx.
155
“What We Do,” Chemical Alliance Zone, accessed March 14, 2017, http://cazwv.com/aboutcaz/what-we-do/.
156
“Who We Are,” West Virginia Manufacturers Association, accessed March 14, 2017,
http://wvma.com/about/who-we-are.html.
157
“States Industries of the Future,” Office of Industrial Technologies, pg. 400-402, 1999, accessed April
11, 2017, http://aceee.org/files/proceedings/1999/data/papers/SS99_Panel1_Paper34.pdf.
158
Ibid.
159
“Chemicals: Industry of the Future,” U.S. Department of Energy Office of Industrial Technologies, pg.
2, January 1999, accessed April 11, 2017, http://www.nrel.gov/docs/fy99osti/25974.pdf.
160
“Chemicals—Industry of the Future,” U.S. Department of Energy Office of Industrial Technologies, pg.
3, 2001, accessed April 11, 2017, http://www.nrel.gov/docs/fy01osti/29341.pdf.
161
“Foreign Direct Investment,” Investopedia, accessed March 24, 2017,
http://www.investopedia.com/terms/f/fdi.asp.
162

“International Development Division,” West Virginia Department of Commerce, accessed April 14,
2017,
http://www.wvcommerce.org/info/aboutcommerce/developmentoffice/services.aspx#International.
163
“Foreign Direct Investment Supports the Jobs West Virginia Needs,” Organization for International
Investment, accessed May 8, 2017, http://www.ofii.org/sites/default/files/West%20Virginia_3.pdf.
164

“West Virginia,” Organization for International Investment, accessed March 27, 2017,

http://www.ofii.org/resources/jobs-by-state/west-virginia.
165

“Best Practices in Foreign Direct Investment and Exporting Based on Regional Industry Clusters,”

Georgia Tech Enterprise Innovation Institute, pg. 10, February 2013, accessed March 24, 2017,
http://www.fdibestpractice.org/pdf/Exporting_FDI%20Final%20Report.pdf.
166

“About SelectUSA,” SelectUSA, accessed March 24, 2017, https://www.selectusa.gov/about-

selectusa.
167

U.S. Cluster Mapping Project, accessed March 24, 2017, http://www.clustermapping.us/.

115

168

“A vibrant platform at the service of cluster organisations,” Cluster Collaboration Platform,

September 28, 2016, accessed March 24, 2017, http://www.clustercollaboration.eu/vibrant-platformservice-cluster-organisations.
169

“Centre for Energy Technologie Cluster – Free Enterprise Association,” European Cluster

Collaboration Platform, accessed April 14, 2017, https://www.clustercollaboration.eu/clusterorganisations/centre-energy-technologie-cluster-free-enterprise-association.
170

“State Overseas Trade Offices, 2015,” The Council of State Governments, pg. 2, 2015, accessed

March 24, 2017, http://knowledgecenter.csg.org/kc/system/files/CR_overseas_trade.pdf.
171

“Lead Generation & Representation Services,” WAVTEQ, accessed March 24, 2017,

http://wavteq.com/bd_offer.cfm; “Lead Generation,” OCO Global, accessed March 24, 2017,
http://www.ocoglobal.com/lead-generation/.
172

Devashree Saha, Kenan Fikri, and Nick Marchio, “FDI in U.S. Metro Areas: The Geography of Jobs

in Foreign Owned Establishments,” Brookings Global Cities Initiative, pg. 33, June 2014, accessed
March 24, 2017, https://www.brookings.edu/wp-content/uploads/2016/06/MetroFDI.pdf.
173

David Goodtree, “The Massachusetts-Israel Economic Impact Study 2016 Edition: The Boston-

Israel Power Partnership,” New England-Israel Business Council, pg. 4, June 2016, accessed March 24,
2017, http://neibc.org/wp-content/uploads/2016/06/The-Massachusetts-Israel-Economic-ImpactStudy-2.pdf.
174

Ibid.

175

2G Energy, accessed April 4, 2017, http://www.2g-energy.com/.
MTU, accessed April 4, 2017, http://www.cogen.mtuonsiteenergy.com/.
177
“Combined Heat and Power (CHP)/Cogeneration,” Veolia, accessed April 4, 2017,
http://www.veolianorthamerica.com/en/our-services/energy-services/combined-heat-and-powerchp-cogeneration.
178
“Polyurethanes for Everyday Life,” BASF, accessed April 4, 2017,
http://www.polyurethanes.basf.de/pu/solutions/en/content/group/Arbeitsgebiete_und_Produkte/ind
ex.
179
Kingspan Insulation, accessed March 31, 2017 http://www.kingspanindustrialinsulation.com/.
180
“West Virginia Operations,” Dow Chemical, accessed April 11, 2017,
http://www.dow.com/ucc/locations/westvir/awv/index.htm.
181
“North America,” Covestro, accessed April 11, 2017, http://www.covestro.us/en/sites/overview.
182
“How Does Spray Polyurethane Foam (SPM) Insulation Work?,” Spray Polyurethane Foam Health
and Safety, accessed March 27, 2017, https://spraypolyurethane.org/Main-MenuCategory/Consumers/SPF-Insulation-Basics; “West Virginia Operations, South Charleston Technology
Park,” Dow Chemical, accessed May 8, 2017,
http://www.dow.com/ucc/locations/westvir/awv/inf04.htm; “West Virginia Operations, South
Charleston Manufacturing Site,” Dow Chemical, accessed May 8, 2017,
http://www.dow.com/ucc/locations/westvir/awv/inf03.htm.
183
“Anchor Institution Tax Credit,” Rhode Island Commerce Corporation, accessed February 8, 2017,
176

http://commerceri.com/finance-business/taxes-incentives/anchor-institution-tax-credit/.
184

“Rules and Regulations for the Anchor Institution Tax Credit,” Rhode Island Division of Taxation, pg.
7-8, October 2015, accessed April 11, 2017, http://www.tax.ri.gov/regulations/other/CR1517_Anchor.pdf.

116

185

“Anchor Institution Tax Credit Final Application,” Rhode Island Commerce Corporation, pg. 6,
accessed April 11, 2017, http://commerceri.com/wp-content/uploads/2015/12/Anchor-InstitutionTax-Credit-Final-Application.pdf.
186
“West Virginia Tax Credits,” West Virginia State Tax, March 2017, accessed May 9, 2017,
http://tax.wv.gov/Documents/TSD/tsd110.pdf.
187
Brad McElhinny, “Legislators welcome up to $600 million in proposed W.Va. budget cuts from
Governor Justice,” MetroNews, January 31, 2017, accessed May 9, 2017,
http://wvmetronews.com/2017/01/31/legislators-welcome-up-to-600-million-in-proposed-w-vabudget-cuts-from-governor-justice/.
188
“Aggregate Fiscal Data of Foundations in West Virginia, 2014,” Foundation Center, 2014, accessed
May 9, 2017, http://data.foundationcenter.org/#/foundations/all/state:WV/total/list/2014.
189

“Fiscal Totals of the 50 Largest Foundations in West Virginia by Total Giving, 2014,” Foundation
Center, 2014, accessed May 9, 2017,
http://data.foundationcenter.org/#/foundations/all/state:WV/top:giving/list/2014; “Aspire. Invest.
Prosper. Transitioning to West Virginia’s New Economy,” Claude Worthington Benedum Foundation,
2015, Accessed May 8, 2017, http://www.benedum.org/resources/reports_10_2657576124.pdf.
190
“Funding Priorities,” Brickstreet Foundation, accessed May 9, 2017,
http://brickstreetfoundation.com/priorities.aspx; “About The Greater Kanawha Valley Foundation,”
The Greater Kanawha Valley Foundation, accessed May 9, 2017, https://tgkvf.org/about/; “$6.7 million
gift from Hazel Ruby McQuain Charitable Trust will upgrade Reedsville Experiment Farm,” WV Always,
June 5, 2015, accessed May 9, 2017, http://www.wvalways.com/story/29250850/67-million-gift-fromhazel-ruby-mcquain-charitable-trust-will-upgrade-reedsville-experiment-farm; “What We Fund,”
Claude Worthington Benedum Foundation, accessed May 8, 2017,
http://www.benedum.org/programs/programs.shtml.
191
“WVCAP Operating Assistance Fund,” West Virginia Jobs Investment Trust, February 2013, accessed
May 3, 2017, http://www.wvjit.org/files/20130201104822.pdf.
192
“Governor’s Office of Foundation Liaison,” Council of Michigan Foundations, April 2016, accessed
December 5, 2016,
https://www.michiganfoundations.org/sites/default/files/resources/Foundation%20Liaison%20Facts
%20-%20April%202016.pdf.
193

Michelle Jamrisko and Wei Lu, “Here Are the Most Innovative States in America,” Bloomberg
Markets, January 7, 2016, accessed February 21, 2017,
https://www.bloomberg.com/news/articles/2016-01-07/here-are-the-most-innovative-states-inamerica; Jonathan Todd, “Most Entrepreneurial States: Where Small Business Loans Rule and
Startups Abound,” NerdWallet, October 13, 2015, accessed February 21, 2017,
https://www.nerdwallet.com/blog/small-business/most-entrepreneurial-states-where-smallbusiness-loans-rule-2015/.
194
Michelle Jamrisko and Wei Lu, “Here Are the Most Innovative States in America,” Bloomberg
Markets, January 7, 2016, accessed February 21, 2017,
https://www.bloomberg.com/news/articles/2016-01-07/here-are-the-most-innovative-states-inamerica; Jonathan Todd, “Most Entrepreneurial States: Where Small Business Loans Rule and
Startups Abound,” NerdWallet, October 13, 2015, accessed February 21, 2017,
https://www.nerdwallet.com/blog/small-business/most-entrepreneurial-states-where-smallbusiness-loans-rule-2015/; Marshall University, accessed May 9, 2017,
http://www.marshall.edu/home/index.html; “West Virginia College of Business and Economics,” West

117

Virginia University, accessed May 9, 2017, http://business.wvu.edu/; “2015 Update Public File,” PwC,
accessed on May 8, 2017, http://carnegieclassifications.iu.edu/downloads/CCIHE2015PublicDataFile.xlsx.
195
“Innovation Center,” TechConnect West Virginia, http://techconnectwv.org/innovation/.
196
“Hackathon,” Wikipedia, accessed May 4, 2017, https://en.wikipedia.org/wiki/Hackathon.
197
Jim Ormond, Jane Fiona Cumming, “Oh Hack…What is a Hackathon for Social Good?” Article 13,
May 3, 2016, accessed May 4, 2017, http://www.article13.com/blog/oh-hack-what-is-a-hackathon-forsocial-good.
198
Michelle Jamrisko and Wei Lu, “Here Are the Most Innovative States in America,” Bloomberg
Markets, January 7, 2016, accessed February 21, 2017,
https://www.bloomberg.com/news/articles/2016-01-07/here-are-the-most-innovative-states-inamerica; Jonathan Todd, “Most Entrepreneurial States: Where Small Business Loans Rule and
Startups Abound,” NerdWallet, October 13, 2015, accessed February 21, 2017,
https://www.nerdwallet.com/blog/small-business/most-entrepreneurial-states-where-smallbusiness-loans-rule-2015/.
199
Michelle Jamrisko and Wei Lu, “Here Are the Most Innovative States in America,” Bloomberg
Markets, January 7, 2016, accessed February 21, 2017,
https://www.bloomberg.com/news/articles/2016-01-07/here-are-the-most-innovative-states-inamerica.
200
Jonathan Todd, “Most Entrepreneurial States: Where Small Business Loans Rule and Startups
Abound,” NerdWallet, October 13, 2015, accessed February 21, 2017,
https://www.nerdwallet.com/blog/small-business/most-entrepreneurial-states-where-smallbusiness-loans-rule-2015/.
201
“2017 Innovation & Entrepreneurship Day at the State Capitol – March 16,” TechConnect West
Virginia, March 16, 2017, accessed April 14, 2017, http://techconnectwv.org/events/2017-innovationentrepreneurship-day-at-the-state-capitol-march-16/.
202
“Overview,” WV Collegiate Business Plan Competition,” accessed April 27, 2017,
http://busecon.wvu.edu/bpc/overview.htm.
203
“2017 Innovation & Entrepreneurship Day at the State Capitol – March 16,” TechConnect West
Virginia, March 16, 2017, accessed April 14, 2017, http://techconnectwv.org/events/2017-innovationentrepreneurship-day-at-the-state-capitol-march-16/.
204
“Hackathon: HACK THE GRID,” Carnegie Mellon University, School of Computer Science, October 30,
2015, accessed April 28, 2017, https://www.cs.cmu.edu/calendar/fri-2015-10-30-1630/hackathonhack-grid.
205
Enernoc, accessed May 16, 2017, https://www.enernoc.com/.
206
“PowerHouse’s SunCode Hackathon,” DevPost, accessed May 11, 2017,
https://suncode2017.devpost.com/.
207
“TransTech Energy Conference,” NRCCE West Virginia University, accessed May 16, 2017,
http://transtechenergy.org/participating-organizations/.
208
Ross DeVol, Joe Lee, and Minoli Ratnatunga, “Concept to Commercialization: The Best Universities
for Technology Transfer, Milken Institute, pg. 35-40, April 2017, accessed May 16, 2017,
http://assets1c.milkeninstitute.org/assets/Publication/ResearchReport/PDF/Concept2Commercializa
tion-MR19-WEB.pdf.
209
"Metrics," University of Michigan Tech Transfer, accessed August 18, 2015,
http://www.techtransfer.umich.edu/about/facts_figures.php.

118

210

“Concept to Commercialization: MATRIC Innovation Life Cycle,” Market-Driven Innovation, accessed
May 15, 2017, http://www.matricinnovates.com/chemical-and-environmental/concept-tocommercialization-matrics-innovation-life-cycle/.
211
“INNOVA Commercialization Group,” High Technology Foundation, accessed May 15, 2017,
http://wvhtf.org/innova-commercialization-group/.
212
“Program-Related Investments,” The Rockefeller Foundation, accessed May 16, 2017,
https://www.rockefellerfoundation.org/our-work/initiatives/program-related-investments/; Paul
Brest, “Investing for Impact with Program-Related Investments,” Stanford Social Innovation Review,
Summer 2016, accessed May 16, 2017,
https://ssir.org/articles/entry/investing_for_impact_with_program_related_investments.
213
“ARPA-E University Webinar: ‘Charitable Investment for Energy Innovation 101,’” Advanced
Research Projects Agency – Energy, pg. 15-17, September 8, 2016, accessed May 16, 2017, https://arpae.energy.gov/sites/default/files/ARPAE%20University%20Webinar_Charitable%20Investments%20101_compressed.pdf; “Program-Related
Investments,” Surdna Foundation, accessed May 16, 2017, http://www.surdna.org/what-wefund/program-related-investments.html; “Program-Related Investments,” Rockefeller Foundation,
accessed May 16, 2017, https://www.rockefellerfoundation.org/our-work/initiatives/programrelated-investments/.
214
“ARPA-E University Webinar: ‘Charitable Investment for Energy Innovation 101,’” Advanced
Research Projects Agency – Energy, pg. 13-14, September 8, 2016, accessed May 16, 2017, https://arpae.energy.gov/sites/default/files/ARPAE%20University%20Webinar_Charitable%20Investments%20101_compressed.pdf; “Program-Related
Investments,” Rockefeller Foundation, accessed May 16, 2017,
https://www.rockefellerfoundation.org/our-work/initiatives/program-related-investments/.
215
“ARPA-E University Webinar: ‘Charitable Investment for Energy Innovation 101,’” Advanced
Research Projects Agency – Energy, pg. 13-14, September 8, 2016, accessed May 16, 2017, https://arpae.energy.gov/sites/default/files/ARPAE%20University%20Webinar_Charitable%20Investments%20101_compressed.pdf; David A Levitt,
“Investing In The Future: Mission-Related And Program-Related Investments For Private
Foundations,” The Practical Tax Lawyer, pg. 34, 2011, accessed May 9, 2017,
https://www.adlercolvin.com/pdf/PTXL1105_Levitt.pdf;
“Part 7. Rulings and Agreements. Chapter 27. Exempt Organizations Tax Manual. Section 18. Taxes
on Investments Which Jeopardize Charitable Purposes,” Internal Revenue Service, 7.27.18.2 (04-301998) Jeopardizing Investments Defined, https://www.irs.gov/irm/part7/irm_07-027018.html#d0e116.
216
“Program-Related Investments,” The Rockefeller Foundation, accessed May 9, 2017,
https://www.rockefellerfoundation.org/our-work/initiatives/program-related-investments/; “Impact
Investments: Our Goal,” MacArthur Foundation, accessed May 9, 2017,
https://www.macfound.org/programs/program-related-investments/strategy/; “Program-Related
Investments,” F.B. Heron Foundation, accessed May 9, 2017,
http://www.heron.org/engage/concepts/program-related-investments.
217
“What is PRIME,” PRIME Coalition, accessed May 9, 2017, http://primecoalition.org/what-is-prime/.
218
Ibid.
219
“ARPA-E University Webinar: ‘Charitable Investment for Energy Innovation 101,’” Advanced
Research Projects Agency – Energy, pg. 23-27, September 26, 2016, accessed May 9, 2017, https://arpa-

119

e.energy.gov/sites/default/files/ARPAE%20University%20Webinar_Charitable%20Investments%20101_compressed.pdf.
220
Justin Guay, “Can PRI Finance Unlock Clean Energy Access?,” Huffington Post, April 13, 2015,
accessed May 9, 2017, http://www.huffingtonpost.com/justin-guay/can-pri-finance-unlockcl_b_7055336.html.
221
Kyle Pomerleau and Richard Borean, “How High are Capital Gains Tax Rates in Your State?,” Tax
Foundation, February 20, 2014, accessed April 3, 2017, http://taxfoundation.org/blog/how-high-arecapital-gains-tax-rates-your-state; Kyle Pomerleau, “The High Burden of State and Federal Capital
Gains Tax Rates,” Tax Foundation, February 11, 2014, accessed May 5, 2017,
https://taxfoundation.org/high-burden-state-and-federal-capital-gains-tax-rates.
222

“Tax Policy in Tennessee,” Ballotpedia, accessed May 2, 2017,
https://ballotpedia.org/Tax_policy_in_Tennessee; Kyle Pomerleau and Richard Borean, “How High
are Capital Gains Tax Rates in Your State?,” Tax Foundation, February 20, 2014, accessed April 3,
2017, http://taxfoundation.org/blog/how-high-are-capital-gains-tax-rates-your-state.
223
“Capital Gains Exemption for Technology Businesses,” Virginia Secretary of Technology Karen R.
Jackson, accessed April 3, 2017, https://technology.virginia.gov/initiatives/capital-gains-exemptionfor-technology-businesses/.
224
“Access to Capital,” Center for Innovative Technology, accessed April 3, 2017,
http://www.cit.org/initiatives/iems/access-to-capital/.
225
“Enterprise Investment Scheme and Seed Enterprise Investment Scheme,” HM Revenue & Customs,
pg. 5, July 2015, accessed February 9, 2016,
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/448308/July_2015_C
ommentary_EIS_SEIS_Official_Statistics.pdf.
226
Ibid.
227
“Enterprise Investment Scheme,” HM Revenue & Customs, accessed February 3, 2016,
https://www.gov.uk/government/publications/the-enterprise-investment-schemeintroduction/enterprise-investment-scheme; “Investor Information,” Seed Enterprise Investment
Scheme, accessed February 3, 2016, http://www.seis.co.uk/about-seis/investors.
228

“Enterprise Investment Scheme and Seed Enterprise Investment Scheme,” HM Revenue & Customs,
pg. 5, July 2015, accessed February 9, 2016,
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/448308/July_2015_C
ommentary_EIS_SEIS_Official_Statistics.pdf.
229
Ibid.
230
“Pennsylvania’s Innovation Network,” Innovation Works, accessed May 3, 2017,
https://www.innovationworks.org/About-Us/Ben-Franklin-Technology-Partner.
231
“Our Programs,” Innovation Works, accessed May 2, 2017, https://www.innovationworks.org/OurPrograms.
232
“Energy Mentor Network,” Tennessee Advanced Energy Business Council, accessed May 12, 2017,
https://www.tnadvancedenergy.com/energy-mentor-network/.
233
“Fund of Funds,” Investopedia, accessed October 19, 2016,
http://www.investopedia.com/terms/f/fundsoffunds.asp.
234

Ibid.

235

“Development Assistance,” West Virginia Department of Commerce, accessed May 9, 2017,
http://westvirginia.gov/development-assistance.html.

120

236

“Philosophy,” West Virginia Jobs Investment Trust Board, accessed May 9, 2017,
http://www.wvjit.org/philosophy/.
237
“Patient Capital,” Business Dictionary, accessed May 9, 2017,
http://www.businessdictionary.com/definition/patient-capital.html.
238
John Pletz, “State to invest $220 million in venture funds,” Crain’s Chicago Business, January 26,
2016, accessed February 8, 2017,
http://www.chicagobusiness.com/article/20160126/BLOGS11/160129898/state-to-invest-220-millionin-venture-funds.
239
“Illinois’ Technology Development Account (TDA) Helps Create over 3,500 Jobs,” Illinois Venture
Capital Association, January 18, 2012, accessed February 22, 2017,
http://www.illinoisvc.org/index.php?option=com_content&view=article&id=1151:14411&catid=21:lat
est-news&Itemid=173.
240
John Pletz, “State to invest $220 million in venture funds,” Crain’s Chicago Business, January 26,
2016 accessed February 8, 2017,
http://www.chicagobusiness.com/article/20160126/BLOGS11/160129898/state-to-invest-220-millionin-venture-funds; “Technology Development Account I,” Illinois State Treasurer, accessed April 17,
2017,
http://illinoistreasurer.gov/Businesses/Technology_Investments/Technology_Development_Account_
I.
241

Ibid.

242

“Overview,” Illinois Growth and Innovation Fund, accessed April 17, 2017,

https://www.ilgif.com/overview/.
243

“Accessing Capital for Advanced Energy Businesses in Arkansas,” Arkansas Advanced Energy
Foundation and the Advanced Energy Economy Institute, pg. 12-13, February 2013, accessed December
7, 2016, http://arkansasadvancedenergy.com/files/dmfile/ARResourceGuide--AccesstoCapitalUPDATED_FINAL10.13.pdf.
244
Ibid.
245
Ibid.
246
Eric Cromwell and Dan Schmisseur, “Risk Capital in Arizona: Observations and Recommendations
to Accelerate the Growth of the State's Innovation Economy,” Cromwell Schmisseur LLC, pg. 21,
February 2016, accessed December 7, 2016, https://www.salc.org/wpcontent/uploads/2016/03/160217-ABB-Risk-Capital-Report.pdf.
247
“Fiscal Note Summary,” West Virginia Tax and Revenue Department, February 17, 2017, accessed
May 9, 2017,
http://www.wvlegislature.gov/Fiscalnotes/FN(2)/fnsubmit_recordview1.cfm?RecordID=672826047.
248
“2015 Annual Report,” West Virginia Offices of the Insurance Commissioner, pg. 2, 7, November 1,
2016, accessed May 17, 2017, http://www.wvinsurance.gov/Portals/0/2015%20CommissionersAnnual-Report.pdf.
249
“Promoting Entrepreneurship: Innovations in State Policy,” National Conference of State
Legislatures, pg. 6-7, 2014, accessed February 22, 2017,
http://www.ncsl.org/documents/fiscal/entrepreneurshipFINAL03.pdf.
250
Tim Castano, “Issue Brief: Tax-Credit Auctions for Venture Capital,” New Start New Jersey,
December 1, 2014, accessed February 22, 2017, http://www.nsnj.org/News/Briefs/Issue-Brief-TaxCredit-Auctions-for-Venture-Capita.aspx.

121

251

Wanda Wickham, “Governor O’Malley Swears in Members of Maryland Venture Fund Authority at
Inaugural Meeting,” PRWeb, August 31, 2011, accessed February 22, 2017,
http://www.prweb.com/releases/2011/8/prweb8761802.htm.
252
“Promoting Entrepreneurship: Innovations in State Policy,” National Conference of State
Legislatures, pg. 7, 2014, accessed February 22, 2017,
http://www.ncsl.org/documents/fiscal/entrepreneurshipFINAL03.pdf.
253
Gary Haber, “InvestMaryland raises $84M for state venture capital program,” Baltimore Business
Journal, March 15, 2012, accessed February 22, 2017,
http://www.bizjournals.com/baltimore/news/2012/03/15/state-raises-84m-through.html.
254
Karen Glenn Hood, “InvestMaryland to Fund 2 Venture Capital Firms Supporting Startups,” MDBIZ
News, November 14, 2013, accessed February 6, 2017,
https://mdbiznews.commerce.maryland.gov/2013/11/investmaryland-program-to-fund-2-venturecapital-firms/.
255
Carrie Wells, “InvestMaryland Challenge winners announced,” The Baltimore Sun, May 7, 2015,
accessed February 6, 2017, http://www.baltimoresun.com/business/bs-bz-invest-marylandchallenge-20150507-story.html.
256

“PwC/CB Insights MoneyTree Explorer,” PwC, accessed February 6, 2017,

https://www.pwc.com/us/en/technology/moneytree/explorer.html#/type=history&category=&curren
tQ=Q4%202016&qRangeStart=Q1%202012&qRangeEnd=Q4%202013&chartType=bar&mfst=Maryla
nd.
257

“Innovate in PA Tax Credit Program,” Pennsylvania Department of Revenue, accessed February 22,
2017,
http://www.revenue.pa.gov/GeneralTaxInformation/IncentivesCreditsPrograms/Pages/Inovate-inPA.aspx#.WJu38fkrLb0.
258
Tim Castano, “Issue Brief: Tax-Credit Auctions for Venture Capital,” New Start New Jersey,
December 1, 2014, accessed January 5, 2017, http://www.nsnj.org/News/Briefs/Issue-Brief-TaxCredit-Auctions-for-Venture-Capita.aspx; “Governor Corbett Visits Ben Franklin Partners' Innovation
Center; Touts How Innovate in PA Will Accelerate Job Growth in Southeastern PA,” PRNewsire,
October 18, 2013, accessed February 6, 2017, http://www.prnewswire.com/news-releases/governorcorbett-visits-ben-franklin-partners-innovation-center-touts-how-innovate-in-pa-will-accelerate-jobgrowth-in-southeastern-pa-228365391.html.
259
“Manufacturing Competitive Indexes,” West Virginia Manufacturers Association, pg. 4, accessed May
9, 2017, https://www.wvma.com/resources/manufacturing-competitive-indexes.html.
260
Ibid, pg. 5.
261
“Key Manufacturing Statistics,” West Virginia Manufacturers Association, accessed May 9, 2017,
http://exploremfgwv.com/students/mfg-stats.aspx.
262
Ibid.
263
“Early College Designs: Research,” Jobs for the Future, accessed May 9, 2017,
http://www.jff.org/initiatives/early-college-designs/research.
264
“STEAM Academy,” Bridge Valley Community & Technical College, accessed May 9, 2017,
http://www.bridgevalley.edu/steam-academy.
265
“Frequently Asked Questions,” Middle College National Consortium, accessed February 16, 2016,
http://mcnc.us/about/faq/.
266
“Early College High Schools Get Results,” Jobs for the Future, February 2014, accessed May 9, 2017,
http://www.jff.org/sites/default/files/services/files/ECHS_get_results_021014.pdf.

122

267

Ibid.

268

“Ohio Pathways to Succeed,” Jobs for the Future, accessed February 16, 2016,
http://www.jff.org/initiatives/pathways-prosperity-network/ohio; “Pathways,” Innovation Generation
Ohio, accessed February 10, 2016, http://innovationgenerationohio.com/about.
269
“Frequently Asked Questions about Innovation Generation,” Innovation Generation Ohio, June
2015, accessed May 9, 2017, http://innovationgenerationohio.com/wpcontent/uploads/2015/07/FAQ.pdf; “Innovation Generation Year One Highlights,” Innovation
Generation Ohio, June 2015, accessed May 9, 2017,
http://innovationgenerationohio.com/newsletter/2015-june/newsletter.pdf.
270
“Program Operations Manual: Wisconsin Youth Apprenticeship Program,” Wisconsin Department of
Workforce Development, pg. 1, January 2015, accessed May 9, 2017,
http://dwd.wisconsin.gov/youthapprenticeship/pdf/program_operations_manual_2015.pdf.
271
L. Allen Phelps, “Wisconsin Efforts to Prepare Youth for Success in the Workforce,” Wisconsin
Family Impact Seminars, pg. 45, July 2015, accessed May 9, 2017,
https://www.purdue.edu/hhs/hdfs/fii/wp-content/uploads/2015/07/s_wifis31c04.pdf.
272
Jaclyn Zubrzycki, “Its Workforce Graying, Industry Looks to Prep Young People for Trades,”
Crosscut, July 6, 2016, accessed April 7, 2017, http://crosscut.com/2016/07/stem-educationaerospace-maritime-manufacturing-trades/.
273
Rob Harris, “Boeing Curriculum Prepares Local Students for Industry Careers,” KREM 2, March 10,
2017, accessed April 7, 2017, http://www.krem.com/news/education/boeing-curriculum-prepareslocal-students-for-industry-careers/421412826.
274
Jaclyn Zubrzycki, “Its Workforce Graying, Industry Looks to Prep Young People for Trades,”
Crosscut, July 6, 2016, accessed April 7, 2017, http://crosscut.com/2016/07/stem-educationaerospace-maritime-manufacturing-trades/.
275
276

Ibid.
“Initiatives,” Jobs for the Future, accessed February 16, 2016, http://www.jff.org/initiatives.

277

“The Skills Gap in U.S. Manufacturing 2015 and Beyond,” The Manufacturing Institute and Deloitte,
pg. 5, accessed May 9, 2017,
http://www.themanufacturinginstitute.org/~/media/827DBC76533942679A15EF7067A704CD.ashx.
278
“West Virginia Data,” Lumina Foundation, 2016, accessed April 7, 2017,
http://strongernation.luminafoundation.org/report/2016/#west-virginia.
279
“STEMersion 2016,” The Education Alliance, August 31, 2016, accessed May 9, 2017,
https://www.youtube.com/watch?v=pT32-axuPrk; “STEMersion 2017: Teacher Applications Being
Accepted Now,” The Education Alliance, accessed May 9, 2017, http://educationalliance.org/what-wedo/connecting-schools/stem-works/.
280
Dawn Zimmer, “Partnership Escalates College Credential Attainment,” Mesa Community College,
March 2, 2017, accessed May 10, 2017, https://www.mesacc.edu/news/press-release/partnershipescalates-college-credential-attainment.
281
Karen Glenn Hood, “Maryland Commerce Joins with Community Colleges to Launch Workforce
Training Program,” Maryland Department of Commerce, November 16, 2016, accessed February 22,
2017, https://www.medamd.com/program-development/maryland-commerce-joins-withcommunity-colleges-to-launch-workforce-training-program/; “WorkSmart,” Maryland Community
Colleges, accessed February 22, 2017, http://mdacc.org/worksmart-2/.
282
“Centers of Excellence,” Washington State Board of Community and Technical Colleges, accessed
April 7, 2017, http://www.sbctc.edu/for-employers/centers-of-excellence.aspx.

123

283

“Advisory Board,” Pacific Northwest Center of Excellence for Clean Energy, accessed April 7, 2017,
http://cleanenergyexcellence.org/about/advisory-committee/; “Centers of Excellence,” Core
Expectations, accessed May 9, 2017, https://www.sbctc.edu/resources/documents/collegesstaff/programs-services/centers-of-excellence/centers-excellence-core-expectations.pdf.
284
“Show Me the Money: Energy Efficiency Financing Barriers and Opportunities,” EDF, July 2011,
accessed May 10, 2017,
https://www.edf.org/sites/default/files/11860_EnergyEfficiencyFinancingBarriersandOpportunities_Ju
ly%202011.pdf.
285
“State Energy Efficiency Tax Incentives for Industry,” U.S. Department of Energy, pg. 5, June 2010,
accessed May 9, 2017,
https://www1.eere.energy.gov/manufacturing/states/pdfs/state_ee_tax_incentives_for_industry.pdf.
286
“Energy Incentive Programs, West Virginia,” U.S. Department of Energy, April 2015, accessed May 9,
2017, https://energy.gov/eere/femp/energy-incentive-programs-west-virginia.
287
“Incentives for Virginians,” Virginia Department of Environmental Quality, accessed May 11, 2017,
http://www.deq.virginia.gov/Programs/PollutionPrevention/VirginiaInformationSourceforEnergy/Fin
ancialIncentives.aspx.
288
Ibid.
289
“Waste Heat Utilization System Income Tax Deduction,” DSIRE, accessed May 9, 2017,
http://law.justia.com/codes/kansas/2014/chapter-74/article-89/section-74-8949d/
http://programs.dsireusa.org/system/program/detail/5535.
290
“2014 Kansas Statutes Chapter 74 State Boards, Commissions and Authorities Article 89
Development Finance Authority 74-8949d Financing for Certain Waste Heat Utilization Systems at
Electric Generation Facilities,” Justia U.S. Law, 2014, accessed May 9, 2017,
http://law.justia.com/codes/kansas/2014/chapter-74/article-89/section-74-8949d/.
291
“Waste Heat Recovery: Technology and Opportunities in the U.S. Industry,” U.S. Department of
Energy Industrial Technologies Program, March 2008, accessed May 9, 2017,
https://www1.eere.energy.gov/manufacturing/intensiveprocesses/pdfs/waste_heat_recovery.pdf.
292
“2014 Kansas Statutes Chapter 74 State Boards, Commissions and Authorities Article 89
Development Finance Authority 74-8949d Financing for Certain Waste Heat Utilization Systems at
Electric Generation Facilities,” Justia U.S. Law, 2014, accessed May 9, 2017,
http://law.justia.com/codes/kansas/2014/chapter-74/article-89/section-74-8949d/.
293
“Regional Energy Efficiency Organizations,” Building Codes Assistance Project, accessed March 25,
2017, http://bcapcodes.org/getting-started/regional-energy-efficiency-organizations/; Julia Sendor,
“Regional Energy Efficiency Organizations Offer Tailored Strategies for Promoting Energy Efficiency,”
Alliance to Save Energy, April 1, 2011, accessed April 7, 2017, https://www.ase.org/resources/regionalenergy-efficiency-organizations-offer-tailored-strategies-promoting-energy.
294
“Commercial and Industrial SEM Infrastructure,” NEEA, accessed March 25, 2017,
http://neea.org/initiatives/industrial/commercial-and-industrial-sem-infrastructure.
295
“What is SEM?,” SEM Hub, accessed March 25, 2017, https://semhub.com/what-is-sem.
296
Midwest Industrial Initiative, accessed March 25, 2017, http://www.midwestindustrial.org/.
297
Ibid.
298
“AEP Appalachian Power – Non-Residential Prescriptive Rebate Program,” DSIRE, accessed May 9,
2017, http://programs.dsireusa.org/system/program/detail/4834.
299
“Pay for Performance,” DSIRE, accessed May 3, 2017,
http://programs.dsireusa.org/system/program/detail/3330.

124

300

“Energy Incentive Programs, Massachusetts,” U.S. Department of Energy, accessed May 3, 2017,
https://energy.gov/eere/femp/energy-incentive-programs-massachusetts.
301
“ENERGY STAR Energy Performance Indicators for Plants,” ENERGY STAR, accessed May 16, 2017,
https://www.energystar.gov/buildings/facility-owners-and-managers/industrial-plants/measuretrack-and-benchmark/energy-star-energy.
302
“Superior Energy Performance,” U.S. Department of Energy, accessed May 16, 2017,
https://www.energy.gov/eere/amo/superior-energy-performance.
303
“Energy Start Energy Performance Indicators for Plants,” ENERGY STAR, accessed May 9, 2017,
https://www.energystar.gov/buildings/facility-owners-and-managers/industrial-plants/measuretrack-and-benchmark/energy-star-energy.
304
“Pay for Performance,” New Jersey Clean Energy Program, accessed April 14, 2017,
http://www.njcleanenergy.com/commercial-industrial/programs/pay-performance.
305
“Pay for Performance Program,” DSIRE, accessed April 14, 2017,
http://programs.dsireusa.org/system/program/detail/3330.
306
“Success Story: Bayer Corporation,” New Jersey Clean Energy Program, accessed April 14, 2017,
http://www.njcleanenergy.com/commercial-industrial/success-stories/bayer.
307
Ibid.
308
“State Electricity Profiles,” U.S. Energy Information Association, accessed May 9, 2017,
https://www.eia.gov/electricity/state/; “2015 Average Monthly Bill- Residential,” U.S. Energy
Information Association, accessed May 9, 2017,
https://www.eia.gov/electricity/sales_revenue_price/pdf/table5_a.pdf.
309
“National Population Totals Tables: 2010-2015,” U.S. Census Bureau, accessed May 9, 2017,
https://www.census.gov/data/tables/2015/demo/popest/nation-total.html; “State Electricity Profiles,”
U.S. Energy Information Association, accessed May 9, 2017, https://www.eia.gov/electricity/state/.
310
“State Electricity Profiles,” U.S. Energy Information Association, accessed May 9, 2017,
https://www.eia.gov/electricity/state/; “2015 Average Monthly Bill- Residential,” U.S. Energy
Information Association, accessed May 9, 2017,
https://www.eia.gov/electricity/sales_revenue_price/pdf/table5_a.pdf.
311
“Energy Efficiency Resource Standard (EERS),” ACEEE, accessed May 9, 2017,
http://aceee.org/topics/energy-efficiency-resource-standard-eers.
312
“Energy Efficiency Resource Standard (EERS),” ACEEE, accessed May 9, 2017,
http://aceee.org/topics/energy-efficiency-resource-standard-eers; “What We Support,” Energy Efficient
West Virginia, accessed May 9, 2017, http://www.eewv.org/what-we-want; “Energy Efficiency Resource
Standard – H.B. 2210,” Energy Efficient West Virginia, accessed May 9, 2017,
http://www.eewv.org/current-campaigns/energy-efficiency-resource-standard.
313
“Energy Efficiency Resource Standard (EERS),” ACEEE, accessed May 9, 2017,
http://aceee.org/topics/energy-efficiency-resource-standard-eers; “Encouraging CHP as a Resource,”
ACEEE, accessed May 9, 2017, http://database.aceee.org/state/encouraging-chp.
314
“Pennsylvania 2013 – 2018 Energy Efficiency Goals,” Optimal Energy, pg. 2, December 19, 2011,
accessed May 9, 2017,
https://docs.google.com/file/d/0B6Bd1B0fL_fjemppeEZsT0JTenlPQmJkVGpOYTJSQQ/edit.
315
Ibid.
316
Ibid.
317
“Pennsylvania,” ACEEE, accessed May 9, 2017, http://database.aceee.org/state/pennsylvania.

125

318

“The EmPOWER Maryland Energy Efficiency Act STANDARD REPORT of 2016,” Public Service
Commission of Maryland, pg. 1, April 2016, accessed May 9, 2017, http://www.psc.state.md.us/wpcontent/uploads/2016-EmPOWER-Maryland-Energy-Efficiency-Act-Standard-Report.pdf.
319
“Maryland,” ACEEE, accessed May 9, 2017, http://database.aceee.org/state/maryland.
320
Ibid.
321
Ibid.
322
“FirstEnergy Corp. FactBook,” FirstEnergy, December 31, 2013, accessed May 9, 2017,
http://investors.firstenergycorp.com/Cache/1500057367.PDF; “Energy Incentive Programs, West
Virginia,” U.S. Department of Energy, July 2015, accessed May 9, 2017,
https://energy.gov/eere/femp/energy-incentive-programs-west-virginia; “Final Joint Staff
Memorandum,” West Virginia Public Service Commission, October 11, 2011, accessed May 9, 2017,
http://www.psc.state.wv.us/scripts/WebDocket/ViewDocument.cfm?CaseActivityID=330709&NotTyp
e=%27WebDocket%27.
323
“H.B. 2210, West Virginia Energy Efficiency Act,” West Virginia State Legislature, February 13, 2013,
accessed May 9, 2017,
http://www.legis.state.wv.us/bill_status/bills_text.cfm?billdoc=hb2210%20intr.htm&yr=2013&sesstyp
e=RS&i=2210.
324
Ibid.
325
Ibid.
326
“Local Energy and Efficiency Partnership (LEEP),” Energy Efficiency West Virginia, accessed May 9,
2017, http://www.eewv.org/leep.
327
“Why PACE is Attractive to Lenders,” Keeping Pace in Texas, pg. 1, accessed May 10, 2017,
http://www.keepingpaceintexas.org/docs/who-benefits/lender.pdf.
328
“H.B. 4468, Property Assessed Clean Energy Act,” West Virginia State Legislature, February 11, 2014,
accessed May 9, 2017,
http://www.legis.state.wv.us/bill_status/bills_history.cfm?year=2014&sessiontype=RS&input=4468.
329
Ibid.
330
“PACE,” Pace Nation, accessed May 9, 2017, http://pacenation.us/wpcontent/uploads/2016/10/PACEBasics_2016_10_7.pdf.
331
“Commercial PACE Near You,” PACE Nation, accessed May 9, 2017, http://pacenation.us/paceprograms/commercial.
332
“PACE,” Pace Nation, accessed May 9, 2017, http://pacenation.us/wpcontent/uploads/2016/10/PACEBasics_2016_10_7.pdf.
333
“The Power of PACE: A Manufacturer of Energy Efficient Equipment Takes Advantage of PACE
Financing in Missouri,” Pace Nation, accessed May 9, 2017, http://pacenation.us/wpcontent/uploads/2016/06/Cambridge-Engineering-Case-Study.pdf.
334
Ibid.
335
Industrial Assessment Center, accessed May 9, 2017, http://industrialassessmentcenter.wvu.edu/.

126

