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Executive Summary

On behalf of the Institute for Advanced Learning and Research, and with support from an
Enhanced Capacity Building award from GO Virginia Region 3, the Virginia Tech Center for
Economic and Community Engagement conducted a study to assess the economic growth
potential for the controlled environmental agriculture (CEA) industry in Region 3, and the state
of Virginia.

CEA, as a sector, is poised for additional growth. CEA refers to the utilization of technology and
automation to enhance the indoor growing conditions for crops, fish, and related products. The
industry is projected to grow 10.32% annually, reaching $239.8 billion by 2027. The economic
potential of CEA includes the attraction, growth and retention of industry prospects; the
support of start-ups and smaller-scaled CEA operations; and the potential in support and
related sector firms, from lighting to sensor technologies. Jobs in CEA tend to be higher-paying,
higher-skilled, and more varied than traditional agriculture and food production

Region 3, and Virginia, are well-positioned for CEA industry attraction and sector growth.
Region 3 is centrally located with proximity to major urban markets across the mid-Atlantic and
South. Firms in region 3 can reach up to 70% of the country’s population within a two-day drive.
Region 3 attracted AeroFarms, and its $42 million plus investment to build the world’s largest
aeroponic vertical farm. Region 3 is also home to Blue Ridge Aquaculture, Virginia’s earliest
CEA-related company. As a state, Virginia is newly focused on the CEA-sector. VEDP now boasts
a dedicated CEA marketing effort and web-page. VDACS is one of the few state agencies in the
nation with an extensive CEA focus and a specific agribusiness grant/funding program.
Moreover, Virginia Tech and IALR are cited as one of the top selling points for CEA prospects
and serve as resources for start-ups and existing producers as well.

Region 3 has some gaps, or needs, to better position itself for continued CEA-related growth.
CEA is still poorly understood as companies vary widely in terms of scale, focus, type and needs.
Region 3 has a low supply of available “prospect-ready” sites for CEA firms, with only two sites
rated Tier 4. The talent pool for higher-wage CEA jobs needs to be grown (from engineers, to
technologists, to plant scientists). Existing entrepreneur and start-up resources are diffuse and
may lack CEA-specific understandings and focus.

To best position Region 3, and Virginia, for continued CEA sector growth, this study identifies
an inter-related set of recommendations in six strategic areas. Our top recommendation is for
a CEA Hub to lead and advance these strategies in Region 3 and across the state, but there are
sub-actions within each recommendation that could be pursued separately. These
recommendations consider CEA broadly, as a full spectrum of activities. The six overarching
strategic areas are to:

1. Develop and implement a comprehensive CEA Hub initiative, in conjunction with or led
by IALR and the CEA Innovation Center.

2. Conduct CEA Awareness and Informational Campaign

3. Enhance CEA-specific new venture and new enterprise development assistance
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4. Continue and expand CEA Technical assistance offerings to firms and to policy-makers
and economic developers

5. Accelerate Region 3 Site Development with CEA targets in mind

6. Continue and Enhance Region 3 CEA-relevant Workforce Development and Talent
Attraction Activities

CEA represents an area of tremendous economic opportunity and growth potential for
Virginia. The AeroFarms and Plenty investments in the Commonwealth are evidence of this.
However, some caution is in order as even these large-scale investments are accompanied by
uncertainties given some notable losses or setbacks within the industry. There are also barriers
to entry and growth for entrepreneurs and existing companies in the CEA space. Still, Region 3
has unique assets (such as the CEA Innovation Center at IALR and geographic centrality to
markets) that create a competitive advantage. Still, each individual CEA operation is unique and
needs to be assessed on its own merits and requires specialized assistance related to its own
customized approach to CEA. Technical know-how is required on the business side as well as on
the technology side. This is one role that a robust Virginia CEA Hub initiative could help play.

Introduction

The Virginia Tech Center for Economic and Community Engagement (CECE), in partnership with
the Institute for Advanced Learning and Research (IALR) analyzed the potential development of
the controlled environmental agriculture (CEA) industry in the state of Virginia and GO Virginia
Region 3.

Overview of CEA

Controlled environmental agriculture (CEA) is a combination of engineering, plant science, and
computer-managed greenhouse control technologies used to optimize plant growing systems,
plant quality, and production efficiency. CEA can range from simple structures, to greenhouses,
to fully automated systems with controlled lighting, water, and ventilation installed. The
technology is designed to enhance growing conditions for crops indoors; the systems allow for
year-round growing and prioritize locating close to the consumer to decrease the
transportation time of the products, which also decreases pesticide use.

There are different types of growing environments CEA can take place in:?

¢ Indoor growing/Indoor farming: Crop production that uses LED lighting rather than
sunlight and allows growers to control the environment in a room, warehouse,
container, factory, or other converted indoor spaces.

1 Autogrow. (n.d.). What is controlled environment agriculture? Link.
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e Vertical farming: Growing systems that stack plants horizontally or in tall towers. This
type of farming is beneficial for smaller spaces, as it requires less land to cultivate
produce.

e Greenhouse: Factors of the environment are controlled, but the system uses sunlight
for crop production.

There are also different types of growing methods that can take place in these different
environments:

e Hydroponics: Growing plants without soil while still providing water but using
significantly less in the process. Crops grown using this method include microgreens,
leafy greens, tomatoes, peppers, strawberries, herbs, and cannabis.

e Aeroponics: Growing plants without soil and using little water. The roots of plants are
suspended in the air and sprayed with a water solution. Crops grown using this method
are typically used in greenhouses.

e Aquaponics: Growing plants using a combination of aquaculture (raising fish) and
hydroponics. The fish assist in delivering the nutrients to the plants, and vice versa. Fish
used in this method include tilapia, perch, catfish, and trout.

As the impacts of climate change continue, disruptions to traditional agricultural production
and supply chain systems are at an increased risk.2 CEA has potential to provide high-quality
food year-round close to the consumer, using advanced technology and a highly skilled
workforce.

As CEA continues to grow and demand increases for sustainable, locally grown food, Virginia
can prioritize this industry and become a strategic location for CEA companies. Virginia has
existing assets, such as its mid-Atlantic location near major markets, access to a skilled talent
pipeline, and ability to work with partners such as the Virginia Department of Agriculture and
Consumer Services (VDACS) and the CEA Innovation Center at the Institute for Advanced
Learning and Research (IALR).

In the 2019 Growth and Diversification Plan update, the GO Virginia (GOVA) Region 3 Council
established that it has priority to invest in projects that align with its strategies and strengths;
CEA shares many similarities to advanced manufacturing and there is great potential in high-
value natural resource production, entrepreneurship, and talent development, making this an
attractive industry for the region to target. Additionally, with Aerofarms announcing a $42
million investment to build the world’s largest aeroponic vertical farm in the region, there is an
opportunity to further grow this industry in the region.

Identifying strategies and creating a roadmap to assist industry growth and workforce
development in CEA can provide the necessary steps to support local businesses and determine
the needs and opportunities in GOVA Region 3.

2 UC Davis College of Agricultural and Environmental Sciences. (2021). What is Controlled Environment Agriculture? University
of California, Davis. Link.
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CEA Industry in the U.S. and Beyond

Literature Review

In 2021, 55% of the world’s population lived in urban areas, which is expected to increase to
68% by 2050.3 For food supply to keep up with urban population growth, the agricultural
industry and food systems will have to change, adapt, and grow to account for this population
increase. Already, agricultural producers are locating closer to urban consumers to capitalize on
the growing markets in these areas while decreasing supply chain challenges.* Controlled
environmental agriculture (CEA) methods can help create more sustainable solutions to
improve food security and locate produce farming closer to urban areas by using greenhouses
and, often, vertical farming.

Current State of Industry

In 2021, the global CEA industry was estimated to be valued at $132.99 billion.> The industry is
projected to grow 10.32% annually, reaching $239.8 billion by 2027.% The global hydroponic
system market is valued at $12.1 billion, and the global hydroponic crop market is estimated to
be valued at $37.7 billion in 2022.7 Currently, the top market is found in Europe, accounting for
27% of the CEA industry, followed by Asia and North America.® The Netherlands holds the
world’s highest adoption rate of CEA, with over 80% of flower and vegetable production done
with hydroponics.® Current applications of CEA are mainly focused on hydroponics, with
aquaponics expected to grow by 2027.1°

In Europe, the CEA industry has expanded over time due to a drop in prices of LED lights, a
growing consumer demand of fresh, local produce with limited inputs, and higher
entrepreneurship, specifically in cannabis production.! Particularly, the Netherlands has

3 Financial News Media. (2021, Oct). Global Controlled Environment Agriculture Market Expected to Reach $172 Billion in 2025.
PR Newswire. Link.

4 Financial News Media. (2021, Oct). Global Controlled Environment Agriculture Market Expected to Reach $172 Billion in 2025.
PR Newswire. Link.

5 Research and Markets. (2022). Plant Factory Market Research Report by Facility Type, Technology, Crop Type, Application,
Region — Global Forecast to 2027 — Cumulative Impact of COVID-19. Link.

6 Research and Markets. (2022). Plant Factory Market Research Report by Facility Type, Technology, Crop Type, Application,
Region — Global Forecast to 2027 — Cumulative Impact of COVID-19. Link.

7 Research and Markets. (2022). Hydroponic Market by Type, Equipment, Input, Crop Type, Farming Method, Crop Area, and
Region — Global Forecast to 2027. Link.

8 Maximize Market Research. (2022, May). Controlled Environment Agriculture Market (2021 to 2027) — Growing Opportunities,
Market Driving Factors, Trends, Barriers for the Marker, and Forecasts. Link.

9 Research and Markets. (2022). Hydroponic Market by Type, Equipment, Input, Crop Type, Farming Method, Crop Area, and
Region — Global Forecast to 2027. Link.

10 Maximize Market Research. (2022, May). Controlled Environment Agriculture Market (2021 to 2027) — Growing
Opportunities, Market Driving Factors, Trends, Barriers for the Marker, and Forecasts. Link.

11 Butturini, M. & Marcelis L. (2020). Chapter 4 — Vertical Farming in Europe: Present Status and Outlook. In Plant Factory: An
Indoor Farming System for Efficient Quality Food and Production (pp. 77-91). Wagenngen University. Link.
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experienced success in CEA due to a growing need for year-round farming for a continuous
supply of products, contributing to the growth of large companies such as PlantLab and GrowX.
Collaborative initiatives like Urban Farming Partners and Infinite Acres work with other global
companies, like 80 Acres Farms in the U.S., to provide services and expand farms.? Other
examples of innovative approaches to vertical farming include investments made by lkea
launching their own vertical farming kit and investing into AeroFarms, and both food-service
providers and retail stores growing their own herbs and microgreens in-store to shorten the
supply chain.®?

Projections and Trends

Large-scale trends, including anticipated impacts of climate change, growing consumer
preference for sustainably grown produce, retailers diversifying supply to have produce sourced
year-round, and the legalization of cannabis, have all contributed to the growth of the CEA
industry.** Social forces are the strongest reasons for support of the industry, as consumers are
increasingly worried about food shortages, climate change, and transparency in production
practices.?

In the past, the focus in CEA was on testing emerging technologies; now, this focus has
expanded to capital investments so that companies can strengthen their financial capabilities.®
Large endorsements means that companies can afford better technology and labor, therefore
producing more yields. For example, the Bill-Gates-backed Cascade Investment Group has
invested in Soli Organics, and the Walmart corporation is supporting Plenty.!’ Large investors
are changing the future of CEA.

Requirements for Industry and Site Selection

Starting a CEA farm requires three main elements: operational expertise, distribution, and
capital.'® Without these three factors, the likelihood of a CEA farm having success is
significantly lower.® Considerations for site selection for greenhouses and vertical farms
include water accessibility, level ground, reliable utilities, such as telephone services and
electricity, access to major highways and transportation networks, and access to an educated

12 Butturini, M. & Marcelis L. (2020). Chapter 4 — Vertical Farming in Europe: Present Status and Outlook. In Plant Factory: An
Indoor Farming System for Efficient Quality Food and Production (pp. 77-91). Wagenngen University. Link.

13 Butturini, M. & Marcelis L. (2020). Chapter 4 — Vertical Farming in Europe: Present Status and Outlook. In Plant Factory: An
Indoor Farming System for Efficient Quality Food and Production (pp. 77-91). Wagenngen University. Link.

14 Walter, P., Wilson, R., & Saavedra, S. (2020, Dec). Controlled Environment Agriculture: A Futuristic Fix for the Food System.
LEK. Link.

15 Janiec, C. (2022, Feb). Controlled environment ag moves onto the next growth phase. Agri Investor. Link.
16 Janiec, C. (2022, Feb). Controlled environment ag moves onto the next growth phase. Agri Investor. Link.
17 Janiec, C. (2022, Feb). Controlled environment ag moves onto the next growth phase. Agri Investor. Link.

-
=)
=

18 Tasgal, P. (2020, Nov). The three-legged stool: A feasibility analysis for starting a CEA farm. AgFunder News.

-
=)
=

19 Tasgal, P. (2020, Nov). The three-legged stool: A feasibility analysis for starting a CEA farm. AgFunder News.
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local workforce.? Geographic location is a major consideration for building a vertical farm: the
closer a farm is located to an urban center, the less transportation is required—cutting down
costs.?! In Virginia, the Danville-Pittsylvania County area is within a day’s drive to 60% of the
U.S. population, making this a strategic location to distribute food in a shorter time frame.??

The presence of supporting industries that produce CEA-related technologies can also be a
factor to consider. Liquid-systems technology accounts for the largest market share in
technology, with major systems adopted from the Netherlands, Spain, and France.?> HVAC
systems account for the second largest market share-- HVAC equipment is essential to
maintaining the ideal conditions needed for plant growth.?* Ensuring that supply chain needs
are met so equipment can be acquired is an important part of industry growth.

Incentives can also play a role in supporting the success of CEA farms. Particularly, incentives
can help existing farms to transition to CEA processes, adopting new technologies or
sustainable practices.?®> For example, Chelan County in Washington offers incentives to pay up
to 100% of energy-efficient upgrades for farming equipment to transition traditional farmers to
CEA.%® They advertise these incentives as not only helping the environment in the long-term but
saving on costs with the newer technology that requires less maintenance over time.?” These
incentives can influence a farmer’s decision to adopt more sustainable measures if the initial
investment is paid for.

Climate-related tax incentives could also assist indoor farmers. Federal investments through the
Inflation Reduction Act of 2022 (IRA) will fund 950 million solar panels and 2,300 grid-scale
battery plants by 2030, expanding the capability of renewable energy nationally.?® The
substantial energy savings through the IRA will benefit indoor farms, making expansions more
affordable, and drawing companies to locate in certain regions if these commitments to
renewable energy or greater funding is available.?® With Plenty’s move to Virginia, for example,

20 University of Arizona CEA Center. (n.d.). Chapter 11: Greenhouse Site Selection. Link.

2 Cowman, N., Ferrier, L., Spears, B., Drewer, J., Reay, D., & Skiba, U. (2022). CEA Systems: The Means to Achieve Future Food
Security and Environmental Sustainability? Frontiers in Sustainable Food Systems, 6, 1-10. Link.

22 Mamon, G. (2022). Virginia is well-suited for controlled environment agriculture, summit says. Cardinal News. Link.

23 Research and Markets. (2022). Hydroponic Market by Type, Equipment, Input, Crop Type, Farming Method, Crop Area, and
Region — Global Forecast to 2027. Link.

24 Research and Markets. (2022). Hydroponic Market by Type, Equipment, Input, Crop Type, Farming Method, Crop Area, and
Region — Global Forecast to 2027. Link.

25 Pifieiro, V., Arias, J., Durr, J. Et al. (2020). A scoping review on incentives for adoption of sustainable agricultural practices and
their outcomes. Nature Sustainability 3, 809-820. Link.

26 Chelan County PUD. (n.d.) Energy-Efficient Controlled Environment Agriculture. Link.

27 Chelan County PUD. (n.d.) Energy-Efficient Controlled Environment Agriculture. Link.

28 Mayer, A. (2022). New climate-related tax incentives could help indoor agriculture grow. AgriPulse. Link.
23 Mayer, A. (2022). New climate-related tax incentives could help indoor agriculture grow. AgriPulse. Link.
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the state’s progress to reach 100% carbon-free electricity made the state an attractive
location.30

Workforce Requirements

Due to the technology used in CEA, the skillsets required tend to be more varied than
traditional farming and typically appeal to a younger workforce.3! Although much of CEA is
automated, skilled workers are still invaluable for guiding and overseeing the equipment and
other hands-on work.3?

Issues

A significant challenge in the CEA industry is the initial investment required to start a business.
Miller et al. (2017) estimated that the initial costs for a hydroponic greenhouse for lettuce was
$159,756, while for tomatoes it was $121,242 due to differing equipment costs.33 There are
also more aggressive industry players who are looking to dominate the market over small, start-
up companies.3* Without sufficient investment and continuous research and development, it is
difficult for smaller companies to keep up.*

Critics of the industry also argue that the nutritional value of hydroponic produce is not the
same as soil-grown produce, and there is uncertainty about the long-term health impacts of
consuming produce not grown in soil.3® Some may argue there is also a cultural cost, as the
connection to the land that many cultures value is being taken away.3” Many organic farmers
take issue with labeling hydroponics as organic, even though the USDA has stated that
hydroponics, aquaponics, and aeroponics are organic.3® But, in Europe, soil-less, hydroponic
crops cannot be certified organic.3° Marketing as a “local, organic” company can make the
product more appealing to consumers, but the discrepancies in definitions of “organic” are still
highly debated.

30 Mayer, A. (2022). New climate-related tax incentives could help indoor agriculture grow. AgriPulse. Link.

-
=}
=

31 Mamon, G. (2022). Virginia is well-suited for controlled environment agriculture, summit says. Cardinal News.

Li

x~

32 Mamon, G. (2022). Virginia is well-suited for controlled environment agriculture, summit says. Cardinal News. Lin

33 Miller, J., Boumtje, P., & Johnson, R. (2017). Investment Analysis for Commercial Hydroponically Produced Lettuce and
Tomato. Journal of ASMIRA 1-10. Link.

34 Maleki, B. (2022). Analysis of Vertical Farming Business Model: Swegreen Case Study. Swedish University of Agricultural
Sciences. Link.

35 Maleki, B. (2022). Analysis of Vertical Farming Business Model: Swegreen Case Study. Swedish University of Agricultural
Sciences. Link.

L
>
=~

36 Severson, K. (2021, July). No Soil. No Growing Seasons. Just Add Water and Technology. The New York Times.

-
=)
=

37 Severson, K. (2021, July). No Soil. No Growing Seasons. Just Add Water and Technology. The New York Times.

38 The National Agricultural Law Center. (n.d.). The Fight for Organic: Hydroponic Certification Under Fire. Link.
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Finding an available trained workforce to fill occupations in high technology and research is also
a challenge.?® Furthermore, as a new, emerging industry, the CEA field lacks industrial expertise
and regulation, which can slow growth.*! The industry is still defining metrics and standards of
success, and the lack of information available makes entering the industry challenging.*? There
are also some environmental disadvantages due to energy-intensive lighting and temperature
controls required.*® The lack of economically viable crops is also an issue, as currently the
industry is dominated by leafy greens and fish.%* Staple crops like rice, maize, and wheat are not
suitable for CEA.*> The high capital costs of establishing and running a vertical farm also makes
growing low-value crops like wheat not cost-effective.*®

Industry Trends

In the current market, there are limits to outdoor production, consumer geography, and food
security. Currently, the majority of lettuce in the U.S. is grown in California and Arizona, which
face climate risks and long delivery times to get the product to market: 7 to 10 days are needed
for transportation, and by the time the produce reaches the retailer, 50% of its shelf life has
been spent on trucks.*” Climate change, declining fisheries, increasing urbanization, and soil
depletion all threaten the future supply of arable land needed for outdoor production. Vertical
farming can reduce risk and improve food security, filling a gap agriculture will soon experience
as these challenges increase.*® Productivity can be improved with year-round production,
transportation costs can be reduced, and vertical farming can provide new jobs in technology,
food processing, maintenance, marketing, engineering, and research and development.*® The
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industry also has the opportunity to address the disconnect many remote rural communities
experience by reskilling workers to fulfill these roles in local farms.>°

A main concern regarding vertical farming is the quality of the product compared to
conventional farming; this presents an opportunity to educate consumers and improve
marketing of vertical farming products. In a study of consumers’ perceptions and willingness to
pay for vertically farmed produce, it was discovered that although vertically farmed produce
was highly rated in terms of safety and quality, it was considered the least natural and the least
likely to be purchased by consumers.>! A reason for this misconception is the unfamiliarity the
participants had with the product. Vertically farmed produce was also assumed to be a
premium product only sold in more expensive stores. Companies can develop marketing
solutions to better inform their consumers of their products as compared to other available
produce to reduce hesitancy of purchasing the produce.>?

Another opportunity for CEA is providing more transparent information on successful business
models. Maleki (2022) analyzed the business model of SweGreen, a Swedish company, and
related the findings to smaller CEA companies, including the threats they may experience as
they try to scale up. These weaknesses include unstable revenues, expensive infrastructure, and
a heavy reliance on the technology rather than a strong workforce.>? Having a successful
company share their business model and provide insight into their failures helps younger,
smaller companies learn. Learning from the experiences of successful CEA companies can also
be done through a Design Support System Solution, which is a hub for compiling practices with
an extensive economic model database to provide financial risk assessments to companies.>*
The open-source database contains crop information, environmental details, shared-user data,
and a knowledge base of best practices and operational procedures to reduce risk.>®> The goal of
the Design Support System Solution is to grow business plans for start-ups to reduce the
learning curve, provide a risk assessment, and make suggestions for operational improvements
to help start-ups succeed.”® By sharing knowledge across the sector and increased usage of
shared databases, CEA companies can improve their business models and learn successes and
failures when growing their companies.
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CEA in Virginia
CEA Industry Cluster Analysis

Industry Overview

In recent years, the CEA industry has been a rapidly emerging focus for economic development
in the state of Virginia. Over time, federal and state agencies have started prioritizing
investment in CEA as well. Virginia Economic Development Partnership, for instance, identified
CEA as a target industry and formed a dedicated division to pursue CEA industry opportunities
for the state.>” As of today, our team has identified a total of 18 CEA companies operating or
preparing to open in Virginia, 7 of which are larger operators that have 50 or more employees.
In all, we estimate approximately 35,000 existing CEA-related jobs in the state and 1,750 in GO
Virginia Region 3 as of 2022.

Virginia has seen an increase in CEA companies locating in the state, with announcements of
major projects like Plenty in Chesterfield County in 2022 expected to bring 300 new jobs and
$300 M in investment to the area. Virginia also has a presence of existing CEA companies and
indoor agriculture operations, including Blue Ridge Aquaculture, a Martinsville-based company
that is the largest indoor system producer of tilapia in the world.>® The state has a history of
robust smaller-scale and start-up activity in the CEA space, with companies like Babylon
MicroFarms in Richmond, founded in 2017, and Area2 Farms in Arlington.

In Region 3 and Southern Virginia, the most recent CEA announcement was Aerofarms, which
first came to the Danville-Pittsylvania County area in December of 2019. Now, the company is
planning to expand, with an expected 66 new jobs created in addition to 92 existing jobs, and
new investment of nearly $42 M. Growing collaboration between various CEA stakeholders and
policymakers is expected to continue the momentum, helping to grow the industry further. A
full table of CEA company announcements in Virginia can be found in Table 1 in the Appendix.

Virginia boasts several advantages that have helped the CEA industry to develop in the state.
Namely, the Controlled Environment Agriculture Innovation Center, a partnership between
Virginia Tech and the Institute for Advanced Learning and Research (IALR) in Danville, VA,
serves