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GLOSSARY OF TERMS AND ABBREVIATIONS

Term
Aeroponics
Aquaponics
BCG
Carbon
Footprint

CEA
COE
Food Desert
Hydroponics
IP
Indoor
Agriculture
Indoor Farm
RCB Analysis
Rockwool
Sustainability
SWOT
SOAR
Vertical Farm

VFARM
ZFARM

Description
The process of growing plants in an air or mist environment without the
use of soil.
The method of growing crops and fish together in a re-circulating system.
Barisoft Consulting Group
A measure of the impact human activities have on the environment, and in
particular climate change. It relates to the amount of green- house gases
produced through burning fossil fuels for electricity, heating and
transportation etc.
Controlled Environment Agriculture (CEA). See Indoor Agriculture.
Center of Excellence
Geographic areas within a community with limited access to healthy,
reasonably priced food
A method of growing plants using mineral nutrient solutions, in water,
without soil.
Intellectual Property (IP)
Means of growing plants in a controlled indoor environment ranging from
high-tech greenhouse structures to indoor vertical farms. Considered a
form of CEA.
See indoor Agriculture and Vertical Farm
Risk-Cost-Benefit Analysis
Inorganic substrate used to grow plants in water.
Relating to or being a method of harvesting or using a resource so that the
resource is not depleted or permanently damaged.
Strategic planning method used to examine the Strengths, Weaknesses,
Opportunities and Threats (SWOT) of a specific project or design.
Strategic planning method used to examine Strengths, Opportunities,
Aspirations, and Results (SOAR) of a specific project or design.
Growing system, usually indoors, that stacks growing channels several
feet high to maximize plants per square foot. Vertical grow towers may
also be used. See also VFARM.
Vertical Farm. A concept that argues that it is economically and
environmentally viable to cultivate plant on vertically inclined surfaces
Zero acreage farm and another term for VFARM

PAGE | 8

Center of Excellence for Indoor Agriculture: Feasibility Study

PROJECT SPONSORS

Secondary Sponsor

Primary Sponsor

Secondary Sponsor

CONTRIBUTORS
Here is a partial list of organizations that contributed to our study by sharing their insights via
our online survey, face to face discussions and through interviews. We are truly grateful for
their participation.














Lincoln University
University of
Delaware
Penn State
DelVal University
U. of Arizona
Longwood Gardens
Southmill Farms
Pietro Industries
Phillips Mushrooms
Organic
Mushrooms
Oakshire
Mushrooms
Vertical Harvest
TMACC














CropKing
Urban Crop
Solutions
Autogrow
Pegasus
Agriculture
Independence
LED
Bright Agrotech
Plenty
Cultivated Power
Agritecture
Consulting
Overbrook Center
Economy League
Smartyields















Hort Americas
Fluence
Bioengineering
Indoor Farms of
America
GrowFlux
FutureBright
Buona Foods
Solar Cities
Suncore
Sanabio
BoxCar Central
Agrilyst.com
Envirotech
Cultivation
Intag Systems












Chester County
Economic
Development
Council (CCEDC)
Senate of PA
PA House of
Representatives
Chester Water
Authority
USDA
Route 1 Economic
Development
Initiative
City of Philadelphia
PA Dept of Ag
Historic Kennett
Square

PAGE | 9

Center of Excellence for Indoor Agriculture: Feasibility Study

Figure 1: Map of the Chester County Region
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ABSTRACT
The purpose of this assessment is to provide our sponsors and other indoor agriculture
stakeholders with information regarding the feasibility of setting up a Center of Excellence for
Indoor Agriculture. The benefits expected to result from the center include but are not limited to:


Serving as an international hub for indoor agriculture training, R&D, investment, and
advocacy;



Serving as a knowledge base for the industry with the cooperation with universities and
schools in the area and across the country;



Promoting diversification of the mushroom industry into other high value crops;



Promoting economic development in the region in which it is situated.

What distinguishes this study from others is the amount of primary data that we have collected;
i.e., this is not simply another “white paper,” but an assessment grounded in over 35 hours of
interviews with multiple stakeholders, over 60 high quality survey responses from key
stakeholders, data collected at indoor agriculture conferences and meetings, and an analysis of
scores of reports, documents and peer-reviewed studies.
Our findings and conclusions are summarized below.
Agricultural Trends


Trends in population, migration, energy use, water use, availability of arable land, costs
to grow food and climate change all point to future disruptions of our food supply
resulting in price spikes and scarcity.



Despite advances in plant genetics, agricultural technologies and farming methods, open
field farming is reaching its limits, esp. in the production of fruits and vegetables. Open
field farming also contributes to the release of pesticides into the eco-system, depletion
of fresh water sources, and nitrogen loading of waterways.

Advantages of Indoor Farms


Indoor farming has emerged as a viable alternative because of advances in lighting
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technologies, substrates, growing systems, environmental controls, robotics and other
forms of automation. Over half a billion dollars of venture capital has been invested in
indoor agriculture in the past several years.


Vegetables grown indoors under controlled conditions offer the promise of a consistent
supply of post-organic and pesticide-free food, free of the disruptions of climate change
and price fluctuations. Furthermore, production can be located closer to population
areas, thus reducing transportation and distribution costs, as well as carbon emissions.



Indoor growers can charge premium prices for produce that effectively competes with
organics, the fastest growing segment in foods.

Economics of Indoor Farms


There are several different types of indoor growing systems and technologies.



Capital costs of indoor systems range from $55/ft2 to up to $400 per ft2 for a 15-tier farm
(a.k.a. “plant factory”).



The chief operating costs are energy (e.g., lighting, HVAC) and labor.



Indoor farm yields can be up to 100 times as much as compared to open field farms.



Current total costs to produce plants indoors range from about $1.00/plant for basil and
about $1.33/plant for lettuce according to our analysis.



A vertical acre can grow from $5-40 million dollars of product per year.



Products from indoor farms need to be priced comparable to organics to be profitable.



Gross margins on products from vertical farms can range from 11-57%.



Once total costs to deliver a plant drop below $1.00/plant will indoor farming effectively
compete with conventionally-grown produce.



In our estimation, indoor vertical farms are attractive investment opportunities for steady
and consistent growth but by no means are expected to be unicorns.



Improvements in lighting, automation and climates control combined with decreases in
farm input prices will improve the attractiveness of the industry further to investors and
farmers.

PAGE | 12

Center of Excellence for Indoor Agriculture: Feasibility Study

Feasibility of Centers of Excellence


The concept of a Center of Excellence is powerful and has good currency.



Centers of Excellence (COE) can be found in many industries and organizations.



Several COE’s exist in agriculture. At present there are no COE’s for indoor farming.



According to our COE model, by focusing on industry leadership, innovation and
learning, markets and industry structures, business operations, financial management,
technology and sustainability, it can be a potent force for change and advancement.



Indoor agriculture is by our assessment in the early stages of its development. A Center
of Excellence for Indoor Ag can therefore have a huge impact on the evolution of the
industry and can help to accelerate its development.



Our respondents strongly agree that this an ideal time (nearly 4.5/5) to set up a COE for
indoor farming.

Industry Analysis and Feasibility


Competition in the indoor farming industry is low-moderate according our primary data
and the application of Porter’s Competitive Strategy model.



Buyers have the most power given the numerous market outlets for fresh vegetables.



Suppliers have low-modest power, with the most power being held by substrate
providers. There is considerable competition in the lighting and data analytic sectors,
which is favorable to indoor growers.



The basis for competition is differentiation and value-based rather than low cost. Indoor
growers can compete at organic level prices but not compete head on with conventional
growers from CA, Mexico, and parts of South America at the present.



The relatively high capital costs pose a barrier to new entrants. Given the nascent nature
of the industry, the knowledge base for the industry is in flux, thus also serving as a
barrier to entry.



There are minimal substitution effects, although “artificial” food grown in laboratories
may pose a threat in the next 5-10 years.
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Market Analysis and Feasibility


The market prospects for indoor farming are positive.



Given that the total market for fresh vegetables is on the order of $14 billion per year, we
conservatively estimate the market for indoor agriculture to grow to about $3 billion
within five years given the state of current technology and other factors.



Based on our survey and other data, we estimate 20-30% market growth per year.



Our respondents ranked the top four target customers as: U.S. Consumers (4.4),
specialty markets (4.3), restaurants (4.2), and supermarkets (4.0). We interpret this
result to suggest that indoor farms plan to sell directly to US consumers through
specialty markets and supermarkets.



Specialty markets are likely to appeal to consumers who favor local produce vs.
shoppers of larger supermarkets, which would sell brands from any part of the country.



Selling to restaurants makes sense, esp. to higher end “farm to table” establishments
that laud the benefits of organics, locally produced, or pesticide-free foods. This result
also is supported by the fact that Americans continue to eat out in greater numbers.



Large institutional buyers such as school, hospitals, and government agencies are also
key target customers.

Regional Assessment


Our assessment shows a good match between the proposed COE and the Philadelphia
region, specifically Southern Chester County.



Among the factors in favor of siting the COE in PA: packaging and distribution
infrastructure, on-going indoor agriculture industry in the region, transportation network,
historical and cultural fit, local, state and community support, available green-tech
workforce, proximity to universities and schools, proximate to large costumer markets
and the availability of land, capital and intellectual capital (IP).



Nearly 68% of our respondents agreed that the COE should be sited in PA. New York
was a distant second at about 5% followed by CA at 4%.
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COE Preliminary Design Parameters
The results of the survey helped us build a preliminary vision for the COE with the following
characteristics:
Design Parameters of COE
Functions

Services

Location










Clients






Structure
Revenue Sources














Facilities and Technology

Budget
Potential Partners

Top Value(s)
Workforce training
Applied research
Services to Indoor Ag industry
Lead regional economic development
Best practices
Leadership and advocacy
Knowledge base for indoor agriculture
Philadelphia region including Chester County
(Mushroom Capital)
Indoor farms
Local community
Universities
CEA suppliers, service companies and
investors
Public Private partnership
Grants
Contracted research
Sponsorship fees
Testing
Labs
Workspaces
$1-2 million
Netherlands
Japan
China
Canada

Overall COE Project Feasibility
We believe this to a feasible project. Our overall assessment of this project in terms of the
application of a Risk-Cost-Benefit (RCB) model is that the benefits clearly outweigh the risks
and the costs. Many of the perceived risks are as a consequence of the success in bringing
indoor farming to the region and not due to the COE itself. Start-up costs are not a barrier to
development, esp. if the effort starts in a bootstrapping mode.
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Our respondents agree that the timing and feasibility of the COE are excellent. On a scale of 15, we obtained the following results:

Summary and Next Steps
In summary, development of a Center of Excellence for Indoor Agriculture is an excellent step
for the industry and the region. Siting the COE in the hub of the largest indoor farming operation
(e.g., mushrooms) in the world makes sense for several reasons. If built, we envision the COE
playing a pivotal role in helping to bring green indoor farming from its relative infancy to maturity
as it grows and develops over the next 5-10 years.
The next step in the project management process is to engage in a design study followed by an
implementation plan to actualize the vision for the COE. We also see related opportunities to
invite green indoor farm companies to build demonstration facilities in the region in which the
COE is located, which would synergize with the COE and is mission.
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SECTION 1. INTRODUCTION
Purpose
The purpose of this assessment is to provide Kennett Township, New Garden Township,
Kennett Square and other indoor agriculture stakeholders with information regarding the
feasibility of setting up a Center of Excellence for Indoor Agriculture. The benefits expected to
result from the center include but are not limited to:


Promoting economic development in the region in which it is situated;



Serving as an international hub for indoor agriculture training, R&D, investment, and
advocacy;



Serving as a knowledge base for the industry with the cooperation with universities and
schools in the area and across the country;



Promoting diversification of the mushroom industry into other high value crops.

The BCG team worked directly with Lisa Moore, Kennett Township Manager and Michael
Guttman, Kennett Township Director of Sustainable Development. We also worked directly with
Joe Scalise, the Manager of Kennett Square Borough and Tony Sheivert, the Township
Manager for New Garden. All of our activities were under-written with the support of the local
township supervisors or council members, for which we are grateful.

Project Background
The Township of Kennett (PA) was interested in fostering regional economic development by
positioning itself as national hub for Indoor Agriculture also known as Controlled Environment
Agriculture (CEA). The latter is a method of growing crops indoors year-round under controlled
conditions that has been successfully applied to the production of lettuces, basil, tomatoes,
peppers, and many other produce crops. The Kennett region is already the long-time center of
the largest existing CEA produce industry – mushrooms – and could potentially adapt its already
extensive CEA infrastructure to diversify into other crops.
A key step towards this end would be to create a Center of Excellence for Indoor Agriculture
(COE) that would serve as a national hub for investment, production, distribution, logistics,
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research, development, and training. The COE would provide a focal point to:


Conduct research on new indoor agriculture production and distribution methods,
mycology, lighting technologies, hydroponic culture, and best practices and
technologies;



Pilot the introduction of crops such as lettuces and herbs into the existing mushroombased production and distribution infrastructure;



Obtain government investment (e.g., USDA, etc.) through grants and loans;



Coordinate investment opportunities in CEA and related industries;



Facilitate the training and workforce development for both the mushroom industry and
new CEA crops;



Coordinate regional economic development in terms of its impact CEA, including
transportation infrastructure and workforce housing.



Provide connections to mushroom growers in other parts of the country for the sharing of
best practices and other activities.

The purpose of this study was to determine the feasibility of setting up a viable and selfsustaining Center of Excellence for Indoor Agriculture.

About the Project Sponsors
The chief sponsor for the study was Kennett Township, which comprises an area of 16 square
miles and has approximately 9,000 residents located in Southern Chester County,
Pennsylvania. The Township is governed by a Supervisor-Manager form of government. There
are three (3) Supervisors who are elected by the citizens. The Township Manager is an
employee of the Township, hired by the Board of Supervisors. Lisa Moore is the Township
Manager we worked with. Most of the mushroom growers are located in the township.
At the center of Kennett Township lies Kennett Square Borough, which is 1.1 square miles and
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has approximately 6,113 residents. Kennett Square Borough is a secondary sponsor of this
study. The Borough is governed by a Council-Manager form of government. There are seven
Council Members and a Mayor who are elected by the citizens. The Borough Manager is an
employee of the Borough, hired by the Council. The Borough Manager we worked with is
Joseph Scalise. Kennett Square’s downtown offers a multitude of restaurants, bars, businesses,
and government offices. It is best known for hosting the annual “Mushroom Festival.”
New Garden, another secondary sponsor of this study, is in the Brandywine River Valley and is
surrounded by the Townships of Kennett, East Marlborough, West Marlborough, London Grove,
Franklin, London Britain, and the Boroughs of Kennett Square and West Grove. The Township
is strongly influenced by Wilmington and Newark, Delaware, which are in close proximity. Tony
Scheivert is the township manager we worked with. New Garden is the location for many of the
cold storage facilities in the region, includes a regional airport, and lies at the confluence of
several major roadways.
Figure 1.1: Chester Counter, PA
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About the Region
The Kennett region is a national hub for indoor agriculture in the production of mushrooms,
earning it the designation as the “Mushroom Capital” of the US. Nearly 50% (470 million
pounds) of all the mushrooms produced in the US (960 million pounds) are grown in the
Kennett, PA region. This one-hundred-year-old local farm industry has developed robust and
effective distribution, recycling, sales and marketing systems to support production. Over 10,000
people are employed by the industry with an economic impact of over $2.6 billion.
In short, Kennett has extensive experience with indoor agriculture production and distribution
activities. More detailed information on the region is provided in Section 7.

Why a Center of Excellence for Indoor Agriculture?
Centers of Excellence are instituted in a variety of disciplines from engineering to technology to
biology to health care. Currently, there is no Center of Excellence for the Indoor Agriculture
industry, which is likely hampering its growth. It was believed that this is an opportune time to
launch one.

Why is the Mushroom Capital Interested in Diversification?
There are numerous benefits to diversification from mushrooms to other crops grown indoors.


While the Kennett region is likely to continue to dominate the market for mushrooms, this
market is mature so there are relatively few new growth opportunities and less
justification for additional investment. Hence, while it remains an economic mainstay of
the region, the mushroom industry has previously not been considered a major engine of
future economic development by local and regional governments or private investors.
This perception could be changed.



Recent developments in lighting and control technologies have opened up commercial
indoor agriculture to a wide array of crops as lower costs. This allows Kennett, and other
farming areas, to diversify into indoor crops, which have virtually high growth potential
and are thus likely to generate considerable new investment and employment in the
relatively near future (e.g., 5-10 years). A Center of Excellence might spearhead this
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diversification.

Why Kennett is a Potential Site for a Center of Excellence
There are several reasons why the Kennett region is interested in potentially hosting a Center of
Excellence for Indoor Agriculture and attracting other indoor growers to the region.


Kennett offers a major competitive advantage as a location for other indoor crops
because it has a mature, reliable and scalable supporting infrastructure and workforce
that was developed for the mushroom industry, but which is largely crop-agnostic,
particularly in terms of facility construction and maintenance, public utilities, packing,
cold storage and distribution. This means that firms growing other indoor crops here can
scale production rapidly without having to invest in building such an infrastructure.



Kennett is an attractive place for locating a center because Kennett is already the largest
indoor production and distribution center in the world. About 250M consumers are within
a 24-hour trucking radius of Kennett. Furthermore, it is in the center of the East Coast
urban corridor, with an extensive logistics infrastructure and host to one of the highest
concentrations of agriculture research centers in the world.



Kennett Township has already established a program to highlight this opportunity for the
indoor agriculture industry and has taking steps to involve the local community.



The center could serve as tangible focal point for conducting research, training, and
innovation across all facets of indoor agriculture of the larger CEA industry and the
regional community.



Assuming it is feasible, it is believed that the proposed COE would generate high-value
economic benefit by itself, attracting a variety of research labs, industry and educational
conferences, training programs, etc. Furthermore, this would make the region around
Kennett even more attractive as a location for new CEA industry facilities, including
production facilities, equipment manufacturers, services companies, etc.



The center would likely attract to the region multiple players from indoor agriculture
(including the mushroom industry), academic research and education, local government,
regional economic development agencies, and private investors, thus spurring economic
development.
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In summary, it is proposed that a Kennett region-based center could support both the goals of
the Kennett region and the needs of the larger indoor farming industry.

Project Scope
Barisoft Consulting Group gathered data from key stakeholders through interviews, survey
method, group meetings, conferences and document analysis. The work resulted in this report,
which includes a description of the drivers and context for the project, background on Centers of
Excellence, an overview of Indoor Agriculture, the results of our interviews, the results of our
survey, our findings and conclusions, as well as recommendations for next steps.

Key Stakeholders and Participants
The key stakeholders who provided input to the study included:


Township of Kennett



Borough of Kennett Square



Township of New Garden



Chester County and the Commonwealth of Pennsylvania



Regional Economic Development agencies



Large and small mushroom farmers in the region



Local and regional universities and educational institutions



Potential Investors



Indoor Agriculture farms, suppliers, service companies, investors and businesses

PAGE | 22

Center of Excellence for Indoor Agriculture: Feasibility Study

Project Methodology
Barisoft Consulting Group uses a project management approach based on the guidelines of the
Project Management Institute (PMI). More detailed information on our method is provided in
Section 2 of this report.
This feasibility study project was structured into three phases:


Phase 1 included Stakeholder Identification, Data Collection (Surveys and Interviews),
and Project Integration.



Phase 2 included Data Analysis, Data Synthesis, and Data QA. In this phase we took
analyzed the raw data from the interviews, surveys and documents and synthesized
them into a meaningful whole.



Phase 3 included the iterative process of drafting and refining the report based on
feedback from stakeholders and sponsors, culminating in the delivery of the final report
to the project sponsors.

BCG gathered data from key stakeholders through multiple means:


Telephone Interviews



Online survey



Formal and informal group discussions



Attendance at conferences on Indoor Ag



Analysis of document and reports



Analysis of peer reviewed articles and books

These data were analyzed and synthesized into meaningful insights regarding the feasibility of
the project. While every project is subject to constraints including time and money, BCG is
confident that it collected sufficient data to draw accurate conclusions and to make well
supported recommendations.
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Structure of the Report
This report analyzing the feasibility of a Center of Excellence for Indoor Agriculture is divided
into several sections as illustrated in Figure 1.2.
The report may be read in two ways. The report may be read in sequence from start to finish.
This approach provides the most comprehensive and logical look at the feasibility of the overall
project. Others may find it appropriate to read sections of the report based on their interests
and needs. This approach is equally effective for those seeking answers to specific questions.
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Figure 1.2: Feasibility Report Roadmap

1. Introduction
2. Project Methodology
3. World Trends Impacting
Food Production
4. Feasibility and Economics
of Indoor Farms

•Context and justficiation for study

•Project management method, data collection, analysis,
synthesis and reporting

•World trends of water, land, energy use, population growth
and migration, and climate change and impact on food
production. Benefits of indoor farming.
•Capital and operating costs of indoor farms. Indoor farm
designs and enabling technologies. Profitability of indoor
farms

5. Feasibility of Centers of
Excellence

•Overview of COE's and their impact. We present a model of
the characteristis for a CEO for Indoor Ag

6. Feasibility of Indoor Ag
Industry and Market

•Competitive analysis of indoor farming industry. Market
potential and feasibility of indoor farming

7. Regional Feasibility
Assessment

•Profile of the mushroom growing region of Southern Chester
County, PA. Potential as a site for the COE

8. COE Organizational
Feasibility

•High level design aspects of the COE based on our interviews
and survey

9. Overall Feasibility
Assessment

•Assessment of overall feasibility of project and next steps.

10. Summary, Conclusions
and Next Steps

•Summary and conclsuions of study. Recommendations for
next steps with project.
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Following an overview of the purpose of the study and our methodology, we look at agricultural
trends leading to the rise of indoor farming. In the next section, we analyze the economics of
indoor farms in terms of costs and benefits. We also profile the role of new technologies that
have contributed to the development of indoor agriculture. Next, we provide background and
analyze the feasibility of COE’s. Section 6 includes our analysis of the market and industry
attractiveness of indoor agriculture. In Section 7, we look at the characteristics of the region as a
potential place to situate the COE as well as a place to site indoor farms. In Section 8 we
sketch the design of a potential COE for Indoor Agriculture based on feedback we received from
our respondents. Finally, in Section 9 we provide an overall assessment of the project using a
Risk-Cost-Benefit model. We close with recommended next steps.
The key areas of feasibility examined in the report are illustrated in Figure 1.3.
Figure 1.3: Major Components of the Feasibility Report

World Trends
Impacting Food
Production
COE
Organizational
Feasibility

Feasibility and
Economics of
Indoor Farms

Regional
Feasibility
Assessment

Feasibility of
Centers of
Excellence
Feasibility of
Indoor Ag Industry
and Market
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SECTION 2. PROJECT METHODOLGY
Overview of Project Management
Barisoft Consulting Group (BCG) uses a project management approach to its work and employs
a PMI certified project manager on staff. A project is a unique and temporary endeavor that has
a beginning, middle and end. Project management is the application of knowledge, skills, tools
and techniques to meet project requirements. De facto standards in project management (and
industry credentialing) are set by the Project Management Institute (PMI), the world's leading
not-for-profit professional membership association for the project, program and portfolio
management profession. Certified project managers use PMI-approved methods, tools and
templates in their work.
While there are clear guidelines on how to run any project, in practice, projects get tailored to
meet specific business requirements. For instance, a project for the construction of a skyscraper
will leverage significantly more official templates, tools, and processes than a small project to
redesign a bakery shop. The tailoring of a project is at the discretion of the project team, which
must consider sponsor requirements in addition to budgetary and time constraints. BCG
customized the project management method to the needs of its sponsors and as appropriate to
the goals of the feasibility study.

Project Charter
The project charter is the first step in the project management process. As such, it is a proposal
that outlines the goals of a project and provides a statement of the extent and scope of work to
be performed. A project proposal was submitted by BCG to Kennett Township in mid-April
2017. This proposal was approved by the town supervisors in June 2017. A statement of work
(SOW) was signed in June, 2017, thus initiating work on the project July 1, 2017. The scope of
the project charter was later expanded with the addition of Kennett Square and New Garden as
sponsors in September 2017.

Project Phases
Once initiated, the feasibility study project was structured into three phases as illustrated in
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Figure 2.1.
Phase 1 included Stakeholder Identification, Data Collection (Survey and Interviews), and
Project Integration. With the addition of two sponsors in the fall of 2017, the project scope
increased to include New Garden Township and the Borough of Kennett Square. This
expansion of scope (and corresponding integration efforts) ultimately lead to Phase 1 being the
longest of the three phases.
Phase 2 included Data Analysis, Data Synthesis, and Data QA. In this phase we analyzed the
raw data from the interviews, surveys and documents and synthesized them into a meaningful
whole.
Phase 3 included the iterative process of drafting and refining the report based on feedback
from stakeholders and sponsors, culminating in the delivery of the final report. Phase 3 also
included sharing the final results, conclusions and recommendations with the project sponsors.
Figure 2.1: Project Phases Diagram
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Stakeholder Identification and Register
A stakeholder register is a critical component to every project. A stakeholder register is a project
management document that tracks information on those who are involved, impacted or
interested in the project. Once a project charter (or proposal) is signed, developing the
stakeholder register is the top priority. The project lead must ensure that each stakeholder in the
register is fully identified (e.g., name, title, contact information), assessed (communication
needs, expectations, influence) and classified (for example, mushroom farmer, investor,
supplier) relative to his or her involvement in the project. Additionally, the project lead must
ensure that the stakeholder register is updated throughout the project lifecycle; e.g., when a
new stakeholder is identified or a change is observed in existing stakeholder attributes.
Key stakeholders for this project were identified in several categories:


Township of Kennett



Borough of Kennett Square



Township of New Garden



Chester County and the Commonwealth of Pennsylvania



Regional Economic Development agencies



Large and small mushroom farmers in the region



Local, regional and national universities and educational institutions



Potential Investors



Indoor Agriculture farms, suppliers, service companies, investors and businesses

A partial list of contributors is provided in Table 2.1. The list includes organizations that
contributed to the project through interviews, the online survey and through group meetings.
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Table 2.1: Partial List of Contributors to the Project














Lincoln University
University of
Delaware
Penn State
DelVal University
U. of Arizona
Longwood Gardens
Southmill Farms
Pietro Industries
Phillips Mushrooms
Organic
Mushrooms
Oakshire
Mushrooms
Vertical Harvest
TMACC














CropKing
Urban Crop
Solutions
Autogrow
Pegasus
Agriculture
Independence
LED
Bright Agrotech
Plenty
Cultivated Power
Agritecture
Consulting
Overbrook Center
Economy League
Smartyields















Hort Americas
Fluence
Bioengineering
Indoor Farms of
America
GrowFlux
FutureBright
Buona Foods
Solar Cities
Suncore
Sanabio
BoxCar Central
Agrilyst.com
Envirotech
Cultivation
Intag Systems












Chester County
Economic
Development
Council (CCEDC)
Senate of PA
PA House of
Representatives
Chester Water
Authority
USDA
Route 1 Economic
Development
Initiative
City of Philadelphia
PA Dept of Ag
Historic Kennett
Square

Project Timeline and Milestones
This feasibility study project began with a proposal submitted in April 2017, which was later
approved by the Kennett Township Board of Supervisors in June 2017. The proposal served as
the initial project charter. Prior to approval, Eric W. Stein, Ph.D., President of BCG served on a
panel at Indoor Ag-Con in May 2017 (Las Vegas, NV) representing Kennett Township with
Michael Guttman (Kennett Township) and Chris Alonso (Pietro Farms) to showcase the
feasibility study, mushroom growing in the Kennett Region and Kennett’s initiatives in
sustainability.
Work on the feasibility study began on July 1, 2017 with the formalization and approval of the
Statement of Work (SOW). The work concluded with the presentation of the final results in June
2018. These activities are identified in Figure 2.2.
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Figure 2.2: Feasibility Study Project Gantt Chart

The first few months of activity focused on the development of the Stakeholder Register and
telephone interviews with key stakeholders identified as critical to project. Presentations were
made in September 2017 to the towns of New Garden and Kennett Square for inclusion in the
project as secondary sponsors. Approval of these sponsorships was finalized in October 2017.
In addition, Eric Stein, represented Kennett Township at Indoor Ag-Con held in Philadelphia in
October 2017 to update the attendees on the feasibility study.
Data Collection in the form of interviews continued into the winter months. In tandem with the
interviews and as a consequence of the knowledge gained from them, BCG developed an
online survey to quantify and validate several of the conclusions emerging from the interview
data. About two hundred key stakeholders from the region, government, and industry were
invited to participate in the survey. We received over sixty highly qualified responses to the
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survey thus providing valuable data for the study.
In Phase 2, we analyzed and synthesized the data from the interviews, group discussions,
meetings, documents, and online survey into meaningful insights and conclusions regarding the
feasibility of the COE. We also engaged in quality assurance (QA) of the data to ensure its
validity and reliability.
Finally, in Phase 3, we drafted the first version of the report. This was then sent to the three
project sponsors for feedback. Based on the feedback, we modified the report to include
changes, corrections, and omissions. A final version of the report was presented to the project
team and the primary sponsor. Final changes were implemented in the report. The report was
then presented at public meetings on behalf of Kennett Township, Kennett Square and New
Garden, the sponsors of the study. Suggestions for next steps were also provided to sponsors
including but not limited to communicating the results of the study and follow-on projects such
as a design study (see section 10 of this report for further information).

Data Collection
BCG gathered data from key stakeholders through multiple means:


Telephone Interviews



Online survey



Formal and informal group discussions



Attendance at conferences on Indoor Ag



Analysis of document and reports



Analysis of peer reviewed articles and books

These data were analyzed and synthesized into meaningful insights regarding the feasibility of
the project. While every project is subject to constraints including time and money, BCG is
confident that it collected sufficient data to draw accurate conclusions and to make well
supported recommendations.
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Interviews
Using the Stakeholder Register as a guide, BCG identified several candidates for interviews
based on the following criteria:


Stakeholder type



Position within the organization; e.g., senior executive



Degree of interest in the project



Availability

It was important to conduct interviews with key members of the local community including
representatives from industry (esp. the mushroom industry), real estate developers, local,
regional and state government officials, and members of regional planning commissions and
boards. We also reached out to universities with significant programs in agriculture such as
Penn State, DelVal University, the University of Delaware, Lincoln University, the University of
Arizona, and Rutgers. Horticultural institutions such as Longwood Gardens also provided input
on the COE. Finally, we conducted interviews with industry leaders in indoor agriculture
representing indoor farms, suppliers, investors, and service companies.
Candidates for interviews were invited to participate in the study via email with a link to a 30-day
revolving calendar to schedule a convenient time to convene. Days and times were confirmed
and in most cases, interviews were conducted as scheduled. All interviews were conducted in
accord with generally accepted principals for data collected from human subjects and the results
were treated as confidential.
Interviews were performed by phone and with were recorded with the permission of the
interviewee. Notes were taken by the interviewer in real-time. If recorded, a transcript of the
interview was generated by the project team for later reference and content analysis for themes
and insights. All data from the interviews were secured on the BCG servers. The duration of
interviews ranged from 30-90 minutes.
The master list of key questions posed to interviewees are indicated in Table 2.2. Not every
question was addressed by each respondent in every interview. A total of 28 people were
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interviewed by BCG representing over 35 hours of interview content.
Table 2.2: Master List of Questions for Interviewees
Area
Background
Organizational Feasibility
and Design

Economic Feasibility

Legal Feasibility and Risk
Schedule/Timing
Cultural Feasibility
Technical/ Technological
Feasibility

Market Feasibility

Industry Feasibility

Trends
Impacts and Outcomes

Data and Outreach

Questions
-Please tell me a little about your background.
· What should the mission of the Center be?
· Who would be the primary "customers" of the Center?
· What services do you think the Center should provide?
· Should the Center be public, private or a public-private partnership?
· How big should the Center be in terms of employees, clients, budget, etc.
· What kind of business model would be appropriate for the Center?
· Where should the Center be located?
· Please comment on the availability of land, labor, and capital for the project.
· How can the existing local infrastructure be leveraged for the Center and its
mission?
· How long do you think setting up a center would take?
· Are there any legal factors that would facilitate or impede the project?
· What are the key risks that could jeopardize the project?
· Is the timing right for this type of project? Why or why not?
· What are attitudes regarding the project in the community or industry? Pro or con?
- Are there any special technologies or facilities needed to set up the Center?
- What are the key enabling technologies for indoor ag?
- Please comment on the state of technology for indoor agriculture; e.g., lighting,
controls, monitoring, reporting, data collection, quality, etc.?
- Are there any emerging technologies to be aware of?
- What is the market potential for indoor ag?
- What kind of growth do you see for indoor ag?
- What percentage of the overall industry for fresh fruits and veggies is from indoor
ag?
- Who are the target customers for indoor ag?
- Who are the major players in indoor ag?
- How much investment is going into indoor ag?
- Do you see the industry "consolidating or shaking out?
- What are the barriers to entry? What is the basis for competition? Competitors?
- What are the major components of cost? How attractive is the ROI?
· Are there any key trends that could affect (pro or con) the success of this project
such as employment trends, population growth rates, land availability, other
projects, etc.?
· What impacts do you see the Center having on the region in which it is located?
- What impacts do you see the Center having on the industry?
· What beneficial outcomes would you like to see resulting from the creation of the
Center?
Is a web site a good idea? Survey? Other tech? Social media strategy?
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Survey Design
An online survey was designed by BCG to validate and quantify several of the themes emerging
from the interviews. The online format was chosen to facilitate data collection and reporting.
The survey consisted of a total of 40 multiple choice type questions in various formats. We used
a CAPTCHA sign-in to thwart unwanted entry by robots and automated programs. The survey
was divided into eight blocks.
The first block was the Welcome Block where we outlined the goals of the study and provided
an informed consent form for respondents indicating the voluntary nature of participating and
the confidential nature of the survey, among other things. The next block was the COE Block
where we asked questions specific to the COE such as its mission, function, structure, clients,
etc. The next section was the COE Attitudes Block, which included questions related to the
overall timing and feasibility of the COE. The next three sections pertained to the Indoor
Agriculture technologies, industry pressures, and market dynamics: Technology Block,
Industry Block and Market Block. Respondents who were not familiar with any of these topics
could skip to the next section. The final two sections, Demographics-Organization and
Demographics-Individual provided us with data on the respondents themselves.
A list of questions in the survey is provided in Table 2.3.
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Table 2.3: Master List of Questions in the Survey
Block
Welcome
COE

COE Attitudes

Technology
Industry

Market

Question
Welcome questions, consent form, CAPTCHA, identifiers (optional), etc.
Please rate the IMPORTANCE of each the following potential FUNCTIONS of a Center of
Excellence for Indoor Ag.
Please rate the IMPORTANCE of each the following potential SERVICES that a Center of
Excellence for Indoor Ag would provide.
Please rate the IMPORTANCE of each the following potential CLIENTS of the Center of
Excellence for Indoor Ag. Abbreviation: CEA=Controlled Environment Agriculture
Should the Center of Excellence for Indoor Agriculture be public, private or a public-private
partnership?
How big should the Center be WITHIN 5 YEARS in terms of ANNUAL US $ BUDGET?
Please rate the IMPORTANCE of each of the following potential REVENUE sources that
would be appropriate for the Center of Excellence for Indoor Ag.
Where should the Center of Excellence for Indoor Ag be located in the United States?
What COUNTRIES or regions might the Center look to for PARTNERS?
Please rate the IMPORTANCE of each the following TECHNOLOGIES or FACILITIES
needed to set up the Center.
Are there any LEGAL or RISK factors that would facilitate or impede the development of a
Center of Excellence for Indoor Ag? (select all that apply)
Please respond to the following statements in terms of how much you agree or disagree:
 There is a recognized need for a Center of Excellence for Indoor Ag in the
INDUSTRY
 A Center of Excellence for Indoor Ag will result in benefits to the local
COMMUNITY
 The TIMING is right for a Center of Excellence for Indoor Ag
 Developing a Center of Excellence for Indoor Ag is FEASIBLE
Please rate the IMPORTANCE of each the following key TECHNOLOGIES for GROWING
INDOORS.
Please respond to the following statements that pertain to GROWERS in the Indoor Ag
Industry
Please rate the IMPORTANCE of each the following different TYPES OF GROWERS to the
Indoor Ag industry.
Please respond to the following statements that pertain to SUPPLIERS in the Indoor Ag
Industry
What ANNUAL US $ DOLLAR REVENUE POTENTIAL do you see for Indoor Agriculture IN
THE NEXT 5 YEARS?
What PERCENTAGE of the OVERALL MARKET for FRESH VEGETABLES will be from
Indoor Agriculture IN THE NEXT 5 YEARS?
What percentage % ANNUAL GROWTH do you see for Indoor Agriculture IN THE NEXT 5
YEARS?
Please rate the IMPORTANCE of each the following TARGET CUSTOMERS for
VEGETABLES PRODUCED from Indoor Agriculture.
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DemographicsOrganization

DemographicsIndividual

Please indicate the type of organization you work for.
Abbreviation: CEA=Controlled Environment Agriculture
How many people work in your organization?
What is your job title?
How many years you have been at your current organization?
Which of the following functional areas do you work in or for?
Optional. Would you like to list your organization as a contributor to this study? If so, please
list the name of your organization here.
What is your age? What is your gender?
What is the highest level of school you have completed or the highest degree you have
received?

Survey Respondent Distribution
Invitations were sent to our list of qualified respondents representing key stakeholders. To
ensure high quality responses, we only invited leaders from industry, universities, non-profit
organizations, and government in our register to participate. Approximately two hundred
invitations were sent out via email. We also posted a link to the survey on LinkedIn groups
dedicated to indoor agriculture and related areas, as well as via Twitter.
We received over 60 high quality survey responses. While there was a concentration of
respondents from the Northeast, a significant portion came from all parts of the United States.
We also received responses from Asia and Europe. The distribution of respondents from the
Northeast and from the United States is indicated in Figures 2.3 and 2.4.
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Figure 2.3: Location of Our Survey Respondents in U.S.
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Figure 2.4: Location of Our Survey Respondents in U.S. Northeast

Survey Respondent Characteristics
Here is a brief summary of the characteristics of the respondent organizations and of the
respondent themselves. More detailed profiles of our respondents can be provided on request.
About 80% of our respondents were male and 20% were female. Nearly 70% of our
respondents were 45 years of age or older. This is reflected in the fact that nearly 32% of our
respondents were C-suite executives and another 19% were at the Director level. Nearly 30%
of our respondents had been at their organizations for over ten years while another 17% had
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been at their firms between 5-10 years. About 9% of those survey came from large
organizations greater than 1000 employees and about 16% came from organizations that were
between 100-999 people. The rest came from small organizations of less than 100 employees.
The types of organizations that participated in the survey are indicated in Figure 2.5.
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Figure 2.5: Types of Organizations Participating in the Survey

Types of Organizations Participating in Survey
Local Government
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Other Sources of Data for the Study
In additional to the interviews and the survey, we collected and analyzed data from numerous
peer-reviewed sources, online and print articles, and reports. For instance, we used reports on
local and regional conditions ad and economic growth projections. We also made use of
industry and market data and reports focused on trends in agriculture and indoor agriculture in
specific. Finally, we gleaned important information relevant to the project at public and private
meetings held at Kennett Township, Kennett Square and New Garden townships, at Indoor AgCon Vegas (May 2017) and Indoor Ag-Con Philadelphia (October 2017), as well as through
tours of mushroom facilities such as Pietro Farms and storage facilities such as Manfredi Cold
Storage and Distribution.1

1

We wish to thank these organizations for the support of this endeavor.

PAGE | 41

Center of Excellence for Indoor Agriculture: Feasibility Study

Data Analysis, QA and Synthesis
Interviews
An enormous amount of data is generated in conversation with other people. We collected over
35 hours of interview data with our respondents and took notes in real-time with our
respondents. In addition, we recorded each session with the participant’s permission. Most of
these recordings were transcribed and captured in Word documents. An hour-long conversation
typically resulted in about 20 pages of single-spaced material. Our total page count for all the
interviews was over 500 pages.
We then content analyzed the documents. Content Analysis is a research method that discerns
themes and dominant ideas from written materials. It is customary to begin with frequency
counts of key words and phrases. From this initial scan, we examined the data to reveal the
dominant ideas regarding indoor agriculture that resulted from our questions posed to the
interviewees. We also used the results of the interviews to guide the design and development of
the survey.
Online Survey
The purpose of the survey was quantify the findings of the interviews and to expand the scope
of the questioning in several areas. One of the advantages of survey methods is that each
respondent receives the same set of questions in the same order and each set of choice is
bounded. This allows us to generalize our findings with greater confidence.
The survey was administered online using a well-known survey tool used by hundreds of
universities and companies around the world. The tool tracks where the survey is sent, who
responds to it and where the responses come from. It also includes the means to filter out unwanted spam and robots. Once the data is collected, it is immediately stored in a database for
easy retrieval, manipulation, and reporting. We downloaded the data into CSV formats so that
could be easily manipulated using spreadsheet or statistics programs.
We performed quality control on the data by discarding forms that were only partially filled out
(e.g., the respondent stopped after the first page) or appeared to have been filled out in a
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random or non-thinking manner (this is evidenced by the amount of time the respondent was
engaged with the survey). We found only a very small number of responses in the non-usable
category (less than 5%). We obtained over sixty high quality completed surveys from the set of
those who were invited to participate, resulting in about a 35-40% response rate.
Finally, one of the advantages of the survey tool that we use is that it provides extensive
reporting capabilities. We used the tool to generate scores of meaningful tables, graphs and
exhibits that have been used to populate this document in each of the sections.
Study Generalizability
All studies are subject to the constraints of time, sample size, sampling methods, scope, etc. To
the best of our knowledge, BCG has conducted the most extensive study of the feasibility of
setting up a Center of Excellence for Indoor Agriculture anywhere. Additionally, our research
provides important data on industry and market dynamics of indoor agriculture, the dominant
technologies for indoor farming, and data on the legal, economic and financial risks and benefits
of this form of food production. We are confident in insights and conclusions in this report based
on the quality and extent of the data we collected.

Reporting
Our findings are reported in the following categories as illustrated in Figure 2.6. These findings
are woven into this report in several ways. The survey tool allowed us to generate numerous
tables and graphs that appear in each of the sections of the report. The interview material was
condensed into meaningful insights that are distributed over the entire report. Where
appropriate, we use direct quotes to make reinforce our assumptions and conclusions.2

2

These are not attributed to a particular individual to respect his or her confidentiality.
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Figure 2.6: Main Categories of Feasibility Reporting
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SECTION 3. MACRO-ECONOMIC AND AGRICULTURAL TRENDS
SUPPORTING INDOOR FARMING
In this section we discuss the macro-economic trends that are impacting food production using
open field methods. We then examine the emergence of indoor farming as an alternative
production method to grow fresh vegetables.

World Trends Impacting Agriculture
Several world demographic factors have put increasing pressure on the production of food.
These inter-related factors include population growth, migration, fresh water reserves, energy
use, food production costs, land use, and climate change. These factors are illustrated in Figure
3.1.
Figure 3.1: World Trends Impacting Food Production

Migration

Land

Food
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Population
Growth
Climate
Change

Energy

Population, Migration, Energy
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The human population continues to rise. The current population is expected to reach over nine
billion people by 2050 only a few decades from now.3 Less developed countries will contribute
the most to this explosion. These trends are illustrated in Figure 3.2. The population growth puts
pressure on all other factors as noted above, esp. food production, water and energy use.
Figure 3.2: Population Growth4

Accompanying this rise in numbers is accelerating migration away from rural areas to urban
areas. As of the past few years, there are now more people living in urbans areas than in rural
areas as noted in Figure 3.3.5

3

Sources: United Nations Population Division, World Population Prospects: The 2010 Revision, medium variant
(2011). http://www.prb.org/Publications/Datasheets/2012/world-population-data-sheet/fact-sheet-worldpopulation.aspx

4

Ibid.

5 Source: United Nations, Department of Economic and Social Affairs, Population Division (2014).
World Urbanization Prospects: The 2014 Revision, Highlights (ST/ESA/SER.A/352). p. 7
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Figure 3.3: World Population Migration to Urban Centers6

Historically, more people lived in rural areas where food was produced. This no longer is the
case, thus increasing the number of miles fresh food must be transported to the population.
Furthermore, the rise in population is accompanied by a consequent rise in the demand for
energy (see Figure 3.4), thus putting pressure on prices and availability.

6

Ibid.
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Figure 3.4: Rising Demand for Energy 7

Costs to Grow Food and Water Use
The increasing costs to produce food using open field methods is illustrated in Figure 3.5. All
inputs are expected to continue to rise in cost including energy and petroleum-based products,
seed, pesticides, labor, and other factors.8

7
8

EIA International Energy Outlook 2011
USDA, NASS 2012
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Figure 3.5: Price Indices for Agricultural Inputs

One of the biggest challenges for open field agriculture will be the availability of water.
Agriculture using open field methods accounts for nearly 70% of the fresh water withdrawals
from aquifers, dams and other means of storage9 as noted in Figure 3.6. The remaining water
goes to industries and municipalities. A disproportionate amount of water is withdrawn by Asia,
followed by North America, Europe and Africa.

9

http://www.fao.org/nr/water/aquastat/infographics/Withdrawal_eng.pdf
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Figure 3.6: World Use of Fresh Water

Arable Land and Climate Change
Along with water, there is a limited amount of arable land for agriculture. A profile of the
percentage of arable land to total land mass (See Figure 3.7) produced by the World Bank10
reveals no change in the slope of the line; i.e., the amount of arable land is fixed and humans,
despite our technology, have not had any impact on increasing the amount. The net result is
that there is only so land on which we can grow much food. Clearly open field farming methods
have a limit.

10

Source: http://data.worldbank.org/indicator/AG.LND.ARBL.ZS/countries/1W?display=graph
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Figure 3.7: Percentage of Arable Land Worldwide11

Scale: Total Land Area Worldwide: 129,733,000 square kilometers. Total Arable Land Worldwide:
13,751,698 square kilometers.

Finally, world food production is increasingly subject to droughts, heat waves, massive storms,
and excessive precipitation. For example, the San Joaquin Valley in California, known for its
fresh produce has been hit repeatedly by severe droughts in the past several years, thus
causing shortages and price spikes throughout the United States. While some may debate the
cause of these disruptions, nearly all of the scientific community ascribes these problems to
climate change and a gradual warming of the Earth’s surface. These trends are only likely to
continue. The World Health Organization predicts severe negative impacts on human health,
wide-ranging famine, increasing pollution and several other impacts as indicated in Figure 3.8.

11

Ibid.

PAGE | 51

Center of Excellence for Indoor Agriculture: Feasibility Study

Figure 3.8: World Health Predictions of the Impact of Climate Change on Human
Quality of Life

Summary of World Trends Impacting Agriculture
In summary, open field farming is increasingly reaching limits to its growth due to finite reserves
of water, land, energy, and other inputs, despite significant advances in production methods,
seed genetics, and harvesting technologies. At the same time, the population continues to
increase and to cluster in urban areas far from farms. New means of growing fresh food using
fewer resources closer to population centers need to be considered.
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Overview of the Rise of Indoor Agriculture
Investment
While designated by many names; e.g., indoor agriculture, controlled environmental agriculture
(CEA), urban farming, vertical farming, etc., indoor farming is increasingly being considered by
many as a potential means to address the weaknesses of open field food production methods.
Nearly half a billion dollars in venture capital was invested in indoor farming start-ups (See
Table 3.1) from 2009-2017.
Table 3.1: Venture Capital Invested in Indoor Agriculture (2009-2017)

Company
Aerofarms
Back to the Roots
Bowery Farming
BrightFarms
Farmed Here (out of biz)
Freight Farms
Gotham Greens
Lufa Farms
Plenty
Podponics
Shenandoah Growers
TruLeaf
Others
TOTAL

Amount ($M)

Funding Period

50
7
7.5
57
6
5
10
4.5
226
10
18
8.5
20
$430M

2009-2015
2015-2016
2017
2011-2016
2014
2013-2014
2011-2014
2012
2016-2017
2011-2015
2015-2016
2016
2009-2017

The largest single investment was to Plenty in 2017. The Series B funding round was led by
SoftBank’s Vision Fund, which included DCM Ventures as well as funds that invest on behalf of
Alphabet's Eric Schmidt and Amazon's Jeff Bezos.12 AeroFarms also received a large cash
infusion in 2017 when it closed a $40 million Series D round including IKEA Group, David
Chang (chef and founder of the Momofuku Group), and retired US Army General David

12

http://www.businessinsider.com/food-investment-vertical-farming-2017-8
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Petraeus, among others.13 Prior to 2017, Brightfarms was the largest recipient of investment in
indoor ag, which received a $30 Million Series C round in 2016 from Catalyst Investors.14
As a result of these highly publicized investments, a number of organizations, conferences, and
associations now exist that attract followers through social media with interests in indoor farming
such as @Agfunder, @HortiDaily, @THRIVEAgTech, @IndoorAgtech, @AVerticalFarm,
@Agritecture, @WorldAgriTech, and @UrbanFarming, among others.
Farm Income
There are several reasons why the production of fresh food using indoor farming methods has
become a hot investment area. To better understand the dynamics, we need to look at macro
trends in the farming industry as indicated in Table 3.2 and Figure 3.9.
Table 3.2: Snapshot of the U.S. Farm Industry (2016)
Value (2016)

$Billion

Gross Farm Income

$406 B

Crop Cash Receipts

$194 B

Fresh Vegetables

$13.4 B

Lettuces (head and leafy)

$9.5 B15

Organic Fresh Vegetables

$1.6 B

Strawberries

$2.3 B

Tops States for Certified Organic Vegetables
Top Value Vegetables
Land harvested for vegetables

CA, PA,WA
Tomatoes, head lettuce, and
onions
2.57 million acres

13

https://agfundernews.com/breaking-aerofarms-raises-34m-40m-series-d-international-investors-overseasexpansion.html
14 https://agfundernews.com/brightfarms-funding-success-its-all-about-the-business-model.html
15 Estimated based on USDA production volume data
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Figure 3.9: U.S. Crop Cash Receipts in $ Billion

Cash crops ($194 billion) represented about half of all gross farm receipts ($406 billion)
according to the USDA in 2016 (see table and figure). Fresh vegetables represented about 6%
($13.4 billion) of all crops sold. The largest sellers within the fresh vegetable markets are
indicated in Table 3.3.
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Table 3.3: Vegetable and Dry Pulse Production Volume (million cwt)16

Production: (million cwt.)
Fresh-market
Processing
Dry edible beans
Potatoes
Sweet potatoes
Dry edible peas
Lentils
Mushrooms, all
Total (No melons)

2012
378.6
365.2
31.9
465.0
26.5
11.2
5.3
9.0
1,284

2013
364.3
344.2
24.6
434.7
24.8
15.8
5.0
8.9
1,213

2014
362.2
385.9
28.9
442.2
29.6
17.4
3.4
9.0
1,270

2015
355.6
388.4
30.1
440.5
31.1
18.5
5.3
9.3
1,269

2016
398.1
382.2
28.7
440.4
31.5
28.2
12.7
9.5
1,322

% change
12.0
-1.6
-4.7
0.0
1.4
52.2
141.0
--4.1

Notes: CWT=100 pounds US weight.

The production of fresh vegetables (i.e., 398 million cwt=39.8 billion pounds) was approximately
same as that of processed vegetables (382 million cwt). Potatoes represented the largest
category of production at 440 million cwt. The production of mushrooms remained relatively
constant at 9.5 million cwt (i.e., 950 million pounds).
The fresh vegetable varieties produced and consumed in the largest volume included onions,
tomatoes, and lettuces as indicated in Table 3.4.

16

USDA. https://www.ers.usda.gov/webdocs/DataFiles/83086/Section%201_General.xlsx?v=42831
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Table 3.4: Selected U.S. fresh-market vegetable shipments, 2015-2016 (1,000 cwt)17

Vegetable type
Asparagus
Snap beans
Broccoli
Cabbage
Chinese Cabbage
Carrots
Cauliflower
Celery
Sweet corn
Cucumbers
Greens
Head lettuce
Lettuce, romaine*
Lettuce, others*
Onions, dry bulb
Onions, green
Peppers, bell
Peppers, chile
Squash
Tomato, field, round
Tomato, field, Roma
Tomato, greenhouse*
Tomato, small
Selected total

2015
4,617
3,983
10,855
11,715
937
10,901
4,388
16,252
13,034
21,306
3,245
29,775
21,363
5,410
50,668
3,629
20,219
10,088
10,055
18,630
7,027
26,222
3,163
307,482

2016
4,836
3,778
11,843
9,013
1,052
10,673
5,174
17,040
12,733
20,009
3,068
27,895
22,698
5,156
50,411
3,855
18,166
12,238
11,523
16,820
8,406
26,473
2,766
305,626

*Most frequently grown indoors
Lettuces, other leafy greens, and herbs (e.g., Basil, Dill, etc.) are the most frequently grown
varieties by indoor farmers (See Figure 3.10). Tomatoes grown in greenhouses dominate
production as seen in the table above, although they can also be grown in indoor vertical
systems.

17

http://usda.mannlib.cornell.edu/usda/current/VGS/VGS-10-27-2017.pdf
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Figure 3.10: Primary Plants Grown Indoors

Organic Produce Trends
Organic fresh vegetables represent about one tenth ($1.6 billion) of cash receipts. This is
significant because the demand for organic food has been rising steadily. The U.S. demand for
organic foods of all types has more than doubled in the past ten years, from under $20 billion in
2006 to $43 billion in 2016. Fruit and vegetables together account for over 40% of organic food
sales. Organics are the fastest growing sector of the U.S food industry with 11% growth over the
previous year (see Figure 3.11).18

18

Source: The Organic Trade Association. https://www.ota.com/
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Figure 3.11: Total U.S. Organic Sales and Growth, 2006-201519

The increasing demand for organic fresh produce provides justification for investment indoor
farming because the market is interested in foods that have a limited amount of pesticides.
From the producer’s (and the investor’s) perspective, there is additional benefit in that
consumers are willing to pay a premium for organic and/or pesticide-free produce. Table 3.5
shows a comparison of conventional vs. organic vegetable prices.

19

Source: The Organic Trade Association. https://www.ota.com/
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Table 3.5: Wholesale Price Comparisons of Conventional and Organic Lettuces
Wholesale $
Green Leaf Lettuce

Conv.
$0.76

Organic
$1.33

Red Leaf Lettuce

$0.80

$ 1.50

Romaine Lettuce

$0.75

$1.25

Notes:
1.
2.
3.
4.

Mean USDA Daily Prices from the Agricultural Marketing Services 1/19-1/25 (2018)
All prices per head
Prices fluctuate daily by as much as 100%. E.g., Green Leaf ranged from $1.10 to $2.02
Prices vary by supplier by as much as 50% for same commodity

Buyers will pay significant premiums (50% or more) for organic produce compared to produce
grown conventionally. It is the belief of most indoor farms (and their investors) that its pesticidefree products will also command premium pricing. This is an important reason for the
accelerating investment in indoor agriculture and a fundamental assumption of the business
analysis upon which most indoor farms are based.
Post-Organic Produce
Most indoor farming methods use production processes completely free of any pesticides or
herbicides, thus giving rise to the concept of post-organic or pesticide-free food. USDA
guidelines for the organic certification do allow the use of certain approved “organic” pesticides
and sprays. Some argue therefore that the quality of products grown hydroponically indoors is
therefore of higher quality because no traces of pesticides exist. Furthermore, indoor agriculture
with its strict quality control measures greatly diminishes the possibility of contamination due to
e-coli and other pathogens so frequent in open field methods, which applies to both
conventionally-grown and organic production.20
Impact of Climate Disruptions on Open Field Farming
Another challenge of open field farming is the impact that droughts and other weather-related
20

Microbiology of organic and conventionally grown fresh produce. Braz J Microbiol. 2016 Dec; 47(Suppl 1): 99–105.
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events can have on food production. One need look no further than the water shortages
impacting the San Joaquin Valley in CA for examples of how these disruptions affect our supply
of fresh produce.21 Figure 3.12 illustrates changes in drought conditions from one year to the
next.
Figure 3.12: California drought conditions (2016-2017)22

Flooding is also a concern as evidenced by the price spikes that occurred in 2017 for
vegetables (See Figure 3.13) coming from the CA region.

21
22

https://www.newsdeeply.com/water/articles/2017/07/05/the-california-drought-isnt-over-it-just-went-underground
http://usda.mannlib.cornell.edu/usda/current/VGS/VGS-10-27-2017.pdf
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Figure 3.13: Early 2017 Price Spike Driven by Flooding in California

Advantages of Indoor Farming Methods
Vegetables grown indoors under controlled conditions offer the promise of a consistent supply
of post-organic and pesticide-free food, free of the disruptions of climate change. Furthermore,
production can be located closer to population areas, thus reducing transportation and
distribution costs, as well as carbon emissions. Trucking costs for lettuce from California to the
East Coast can account for anywhere from 5-20% of the wholesale price of a commodity
depending on the variety and how it is grown.
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For instance, according to the USDA Truck Rate Report for the week of March 28, 2018, prices
from CA to the east for a 48-53 foot refrigerated truck ranged from $3800-$7250 as shown in
Table 3.6. These numbers assume each truck holds about 40,000 pounds of product and does
not include extra charges for delivery to terminal markets, multi-pickup and multi-drop
shipments.
Table 3.6: Truck Rates from CA to Eastern US for Lettuces, Broccoli and Cauliflower
Destination
ATLANTA
BALTIMORE
BOSTON
CHICAGO
DALLAS
MIAMI
NEW YORK
PHILADELPHIA

Low $
$ 5,200
$ 6,400
$ 7,100
$ 4,500
$ 3,600
$ 6,500
$ 6,800
$ 6,500

High $
$
5,500
$
6,800
$
7,400
$
5,100
$
4,000
$
7,200
$
7,100
$
7,000

Average $
$
5,350
$
6,600
$
7,250
$
4,800
$
3,800
$
6,850
$
6,950
$
6,750

Mean $/LB (1)
$
0.134
$
0.165
$
0.181
$
0.120
$
0.095
$
0.171
$
0.174
$
0.169

Notes: (1) Assumes a 40,000 lb. truck load.

The average cost per pound based on these data range from a low of 9.5 cents/lb (Dallas) to
almost double that at 18.1 cents/lb. for Boston. This is a significant amount of the total cost to
produce and ship lettuce, esp. to east coast cities.
For example, heads of lettuce can vary in weight from 16-22 oz for Romaine, 8-12 oz for
Green/Red leaf, and 6 oz for Butterhead. Using the average weights for each product leads to
trucking costs per head as indicated in Table 3.7.
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Table 3.7: Average Cost per Head to Ship from CA to Eastern US Cities for Lettuces
Destination
ATLANTA
BALTIMORE
BOSTON
CHICAGO
DALLAS
MIAMI
NEW YORK
PHILADELPHIA

Mean $/LB
$
0.134
$
0.165
$
0.181
$
0.120
$
0.095
$
0.171
$
0.174
$
0.169

$
$
$
$
$
$
$
$

Romaine
0.17
0.21
0.23
0.15
0.12
0.21
0.22
0.21

Green/Red
$
0.08
$
0.10
$
0.11
$
0.08
$
0.06
$
0.11
$
0.11
$
0.11

Butterhead
$
0.05
$
0.06
$
0.07
$
0.05
$
0.04
$
0.06
$
0.07
$
0.06

Romaine is clearly very expensive to ship east, ranging from 12 cents a head to Dallas to 23
cents a head to Boston. The range for green/red leaf heads is 6-11 cents per head. Butterhead
is the most affordable at 4-7 cents per head. Grown conventionally, the average wholesale price
of each head of lettuce is about $1.00.23 Shipping therefore accounts for a significant part of the
overall value of the product as illustrated in Table 3.8.
Table 3.8: Shipping as a % of Wholesale Value of Lettuce (Conventional) to Philadelphia
Product
Romaine Lettuce

Wholesale Price
$1.00

Shipping Cost
$0.21

% of Wholesale
21%

Green/Red Leaf Lettuce

$1.00

$0.11

11%

Butterhead Lettuce

$1.00

$0.06

6%

Organic produce, which commands a higher wholesale price-point (e.g., $1.25-$2.00), does
better whereby shipping accounts for a smaller percentage (e.g., about half of the numbers
above) of the product’s overall cost.
These coast-to-coast shipping costs can be eliminated or diminished when produce is grown
23

It can be as low as $0.75 per head
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closer to the customer in urban areas such as New York, Philadelphia or Boston. This accounts
for another financial advantage of indoor farming over conventional farming originating in CA or
other countries.

Summary of Agriculture Trends Supporting Indoor Farming Feasibility
The several factors we have outlined in this section all favor and highlight the advantages of
indoor ag: the ability to grow pesticide-free crops close to populated areas where there is high
demand; lowered shipping costs; produce that can be grown consistently all year long not
subject to droughts, floods and other environmental conditions; the ability of growers to charge
premium prices for produce that effectively competes with organics, the fastest growing
segment in foods.
These and other factors have led to a sanguine assessment of the industry, which is further
supported by our survey results in the Market/Industry Section. Generally speaking, our select
sample of respondents see significant growth of both the markets and industry for indoor
agriculture in the next 5-10 years. That said, the costs to start up and operate an indoor farm
are not insignificant. We examine this question in detail in the next section.
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SECTION 4. FEASIBILITY AND MICRO-ECONOMICS OF INDOOR
FARMS
In this section we address the economic feasibility of indoor farming as a business. While indoor
farming offers the advantages of growing year-round closer to cities under controlled conditions,
it hast its own cost structure. We analyze costs by capital costs and direct operating costs. We
also look at the yields and profitability of indoor farms. We begin with the identification of various
indoor farm designs that impact the capital required at start-up.

Facility Designs
Capital costs for indoor farms are a function of the design. There are a few different variations in
farm designs that fall under the designation of “indoor farm.” We identify five indoor farm
designs below:
Table 4.1: Indoor Farm Designs
Design

Location

Tiers

Example

Greenhouse 1

Ground-level

Single tier

BrightFarms

Greenhouse 2

Rooftop

Single tier

Gotham Greens

Greenhouse 3

Ground-level

Multi-tier A-frame

Pegasus

Plant Factory 1

Warehouse

Multi-tier-horizontal

Aerofarms

Plant Factory 2

Warehouse

Multi-tier-vertical

Bright Agrotech/Plenty

An example of the Greenhouse 1 design is provided in the next figure. This is a high-tech
ground level greenhouse located in Cincinnati, OH managed by BrightFarms. These facilities
are characterized by single-tier growing systems at ground-level that use mostly natural sunlight
with some supplemental lighting in winter months in northern latitudes.
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Figure 4.1: Ground Level Greenhouse in Peri-Urban Area (Greenhouse Design 1)24

In the next two figures we identify a similar greenhouse design, however in this case, the facility
is located on a rooftop. In the first figure, a solar power system, which is adjacent to the
greenhouse, is used to off-set supplemental lighting and climate control costs. These facilities
are characterized by single-tier growing systems on a rooftop that use mostly natural sunlight
and a modest amount of supplemental lighting during winter months.

24

Source: BrightFarms
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Figure 4.2: Outside View of Greenhouse on Rooftop in Brooklyn, NY25(Greenhouse D2)

25

Gotham Greens, NYC
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Figure 4.3: Inside View of Rooftop Greenhouse in Montreal, CA26 (Greenhouse D2)

26

Source: Lufa Farms, Montreal, CA
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In warmer year-round growing climates, an economical design is to install A-frame, multi-tier
production systems in a greenhouse facility. These systems are only effective in parts of the
world where there is plenty of sunlight and the climate is mild. They are attractive because of
the lower capital costs to design and install. These facilities are characterized by multi-tier
growing systems at ground-level that use mostly natural sunlight.
Figure 4.4: Multi-Tier Greenhouse using A-frame Production Systems27(Greenhouse D3)

27

Source: Pegasus Food Futures
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The next design type we identify is variously referred to as an indoor vertical farm, vfarm, or
plant factory. In this design, plants are grown entirely indoors using artificial light in multi-tier
stacked horizontal or vertical systems. An example of a horizontally stacked design is illustrated
in the next figure.
Figure 4.5: Plant Factory using Horizontal Tiers (Plant Factory 1)28

This particular facility is characterized by horizontal multi-tier growing systems starting at
ground-level that use artificial light and extensive indoor climate controls.

28

Source: Aerofarms, NJ
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An example of a plant factory using vertical towers is illustrated in the next figure.
Figure 4.6: Plant Factory using Vertical Towers (Plant Factory 2)29

This facility is characterized by vertical multi-tier growing systems starting at ground-level that
use artificial lighting and extensive indoor climate controls.

29 Source: Bright Agrotech. http://www.hortidaily.com/article/21765/US-Bright-Agrotech-launches-ZipFarm-for-indoorgrowers
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Key Enabling Technologies for Indoor Farming
Indoor farming largely owes its existence to the development and availability of several key
technologies. We asked our survey respondents to rank a long list of several technologies that
now are common in indoor agriculture as evidenced by farm operations, conference and trade
shows. The results are provided in Figure 4.7.
Figure 4.7: Survey Results: “Please rate the IMPORTANCE of each the following

key TECHNOLOGIES for GROWING INDOORS” (5=high; 1=low)

Enabling Tech for Indoor Ag Ranked
Lighting
Growing systems
HVAC systems
Substrates and nutrients for growing
Monitoring systems
Process controls
Seed
Data management systems
Buildings
Automation
Distribution systems
Harvesting equipment
Greenhouses
Transportation systems
Robotics
Artificial Intelligence (AI)
2

2.5

3

3.5

4

4.5

5

The top-rated technology is not surprisingly lighting. Lighting is at the heart of any indoor farm
operation. The top manufacturers include Phillips, Fluence Bioengineering, as well as smaller
companies such as GrowFlux, Independence LED, and others. Each offers a mix of different
LED light recipes.
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The next most important technology was growing systems. There are half a dozen different
growing system options for farmers ranging from NFT systems to deep water culture to
aeroponic systems. The industry is moving in the direction of lighter weight systems that are
modular and mobile. Many growers use systems that have a traditional horizontal orientation of
the plants in multiple tiers; e.g., plants are positioned in rows with a light source above it.
Alternatively, there are also vertical growing systems that stack the plants above each other and
the light source is positioned to one side or the other. Each approach has its strengths and
limitations. The different production system options are shown in Table 4.2.
Table 4.2: Characteristics of Different Indoor Growing Systems
Type
NFT
Deep Water
Flood and
Drain
Aeroponic

Drip
System

Method
Thin film of water runs over
roots
Roots immersed in
substantial volume of water
Roots immersed in water
that is periodically flooded
and drained
Fine mist of water droplets
sprayed on root mass

Orientation
Horizontal

Horizontal or
Vertical

Vertical systems require that
light sources be perpendicular
to plants. More expensive.

Water pumped to height of
system and allowed to drip
onto roots

Horizontal or
Vertical

Vertical systems require that
light sources be perpendicular
to plants

Horizontal
Horizontal

Notes
Lower weight system. Proven
technology.
System requires more
substantial physical support
A variant of the first two
designs

The next set of technologies in ranking were HVAC systems, monitoring, and substrates.
HVAVC systems are critical to maintain adequate amounts of fresh air, oxygen, CO2, etc., and
to maintain optimal air temperature and humidity. These systems also ensure that air is flowing
over the plants with sufficient velocity to prevent disease and to stiffen plant structures.
Monitoring systems dovetail with HVAC systems to optimize the production environment.
Monitoring systems now can include hundreds of sensors (e.g., IoT) that provide data to
controllers to maintain the climate for the plants. Substrates are also a critical component of the
production system. Because most indoor farms grow plants in water, the roots must be in some
kind of soil-less media. Two of the most popular substrates are stonewool (e.g., rockwool) and
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polymerized peat moss, although there are other options such as coco-coir and recycled
plastics. The media must effectively transport water and oxygen to the roots and provide
structural support.
The last cluster of technologies ranked by our respondents include automation and process
controls, robotics, and data management systems. The survey suggests that artificial
intelligence (AI) is viewed more as a nice to have feature but less important than others.
Harvesting equipment, distribution systems and transportation systems are also ranked but to a
lesser degree than the top seven. Other technologies mentioned include methods of cogeneration of energy and solar as well as CO2 enrichment and food safety technologies.
In summary, indoor growers have an array of technology options, and vendors, to choose from
at this point in time. The challenge is to pick a technology most likely to grow with the needs of
the business. According to our interviewees, modular, flexible, movable lightweight systems are
seen as the future.
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Capital Costs of Indoor Farms
Capital costs for indoor farms include real estate, climate control, production systems, indoor
lighting, instrumentation, and financing. Additional costs include the costs to install renewable
energy sources such solar, geothermal or co-generation equipment. These costs are outlined in
Figure 4.8. Costs are determined by the design of the farm as noted in the previous section.
Figure 4.8: Capital Costs of Indoor Farms
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Solar (opt)
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Facility Costs for Indoor Vertical Farms
Since plant factories (a.k.a vertical farms) tend to have the highest capital costs (and the costs
of high-tech greenhouse are well-documented), we profile the capital costs of plant factories in
this section. Capital costs include the cost of real estate, financing, climate controls, and
instrumentation. Solar power can also be added optionally to off-set energy costs for electricity.
Co-generation of energy is also another means of reducing electrical/heating/cooling costs.
Buy or Lease Decision
There are two options for indoor farms: buy the land or lease it. In the first case, the farm will
acquire its own land and outfit the property with the requisite HVAC, insulation, utilities (e.g.,
water, gas and electric), optional power plant (e.g., solar, co-gen or geothermal), climate
controls and production equipment. The advantages of buying property include customization of
the space to optimize heating, lighting, and climate control for the plants. Plants need 30-80%
humidity, stable CO2 levels and consistent air-flow to ensure growth. Designing from the ground
up allows the farm the opportunity to maximize insulation in the walls, ceiling and floors to
conserve energy, as well as providing an opportunity to add supplemental energy sources such
as solar or geothermal.
In the alternative, a farm can lease an existing space (e.g., warehouse) that includes utilities
and HVAC and can retrofit the space to its needs. Indoor farms can be located in industrial,
commercial and agricultural zoned areas, although siting varies by municipality. Small indoor
farms can also be located on residential properties in an ancillary structure to a home provided
that the farm does not generate substantial traffic in violation of local codes. Again, each
municipality has its own guidelines and need to be consulted.
Capital Costs to Setup an Indoor Farm for Production
Once the land is acquired (or leased) it must be outfitted for plant production, harvesting,
packaging and storage. Facility costs for indoor vertical farms are high, on the order of $55400/ft2 and include growing space, lighting, administrative areas, harvesting, packaging,
germination and cold storage. A typical indoor farm layout is illustrated in Figure 4.9.

PAGE | 77

Center of Excellence for Indoor Agriculture: Feasibility Study

Figure 4.9: Typical Layout of Indoor Vertical Farm

Our analysis of the cost breakdown is show below. These results are based on published
sources, information from vendor sites and our own primary data from indoor farms we have
access to.
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Table 4.3: Cost Estimate to Outfit an Indoor Farm (Plant Factory)

Area
Growing System
Area
Lighting System
Area
Germination Area
Work Area
Packaging Area
Cold Storage Area
Office/Admin Area
TOTAL

Floor Space %

Cost
$/ft2

50%

$10

Grow Area
X # tiers
10%
10%
10%
10%
10%

Notes

Grow channels, plumbing
Instrumentation for monitoring and
control
$25-$375 Assumes 1-15 tiers of lighting
$2
$3
$5
$3
$2
$55-400

These total per foot costs are consistent with Kozai et al. (2016), who cite a cost of $372/ft2 to
build a 15-tier indoor facility in 2014 in Japan.30 By comparison, a single-tier commercial
greenhouse system will cost about $25-30/ft2, and lower tech solutions can be built for $10/ft2
or less; e.g., hoop houses. The high capital costs of indoor farms are mitigated by significantly
greater yields per square foot. We discuss this issue later in the chapter.
Also, by way of comparison, we can look at the costs of smaller scale container-type indoor
farms that are built from shipping containers (See Figure 4.10). These systems feature all the
necessary equipment for growing including lighting, grow systems, a small amount of cold
storage and work areas. They typically do not include germination, packaging, and
administrative areas.

30

Kozai and Nui “Role of Plant Factory with Artificial Lighting in Urban Areas,” Appearing in: Plant Factory: An Indoor
Vertical Farming System for Efficient Quality Food Production,, edited by Kozai et al. Academic Press, London,
2016.p. 22.
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Figure 4.10: Container Type Farm31

Using data published online by farm vendors we calculated the cost per ft2 for four container
farm vendors as illustrated in Table 4.4.
Table 4.4: Comparison of Container Farm Vendors
Vendor 1

Vendor 2

Vendor 3

Vendor 4

Floor space

320 ft2

320 ft2

320 ft2

320 ft2

Growing Area

800 ft2

680 ft2

850 ft2

1200 ft2

Capital Cost

$85,000

$75,000

$65,000

$92,000

Cost/ft2

$106/ft2

$110/ft2

$75/ft2

$77/ft2

Our analysis shows a range of $75-110 per square foot capital costs for this type of farm, which
include 3-5 tiers of growing space. These numbers are on par with our analysis in the previous
section.

31

Source: Indoor Farms of America, Las Vegas, NV
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Lighting Costs
The key issue for indoor growers is the capital cost of artificial lighting. It should be noted that
lighting does not “scale” per se but increases with the size of the growing area as the plants are
stacked or grown vertically. Plants need a certain amount of light measured as measured by
the DLI32 for optimal appearance and growth. For instance, lettuce needs a DLI of 12-15
whereas tomatoes need a DLI of 30.33 Any attempts to “cheat” the plants of light will result in
inferior product; e.g., the plants will be leggy, mal-formed, off color and suffer from nutritional
deficiencies as evidenced by the leaves and fruit. Attempts to grow on multiple tiers without the
use of supplemental lighting have failed dramatically, the only exception being the use of Aframe production systems in greenhouses in very sunny climates located nearer to the equator.
Artificial lighting technologies are therefore essential to indoor production and cost about $25$30 per ft2 for every foot of growing space. An example of LED lighting technology is shown in
Figure 4.11.

32 DLI=Daily Light Integral. See for example: “Measuring Daily Light Integral in a Greenhouse.” Ariana P. Torres and
Roberto G. Lopez. Department of Horticulture and Landscape Architecture, Purdue University
https://www.extension.purdue.edu/extmedia/HO/HO-238-W.pdf
33 “Hydroponic Lettuce Handbook”. Melissa Brechner, A.J. Both, staff. Cornell Controlled Environment Agriculture.
Cornell University. N.D. http://www.cornellcea.com/attachments/Cornell%20CEA%20Lettuce%20Handbook%20.pdf
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Figure 4.11: Indoor Farm using LED Lighting Technology34

34

Image courtesy of e3garden.com. Lights shown are Phillip’s LED technology plant grow lights.
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Indoor Farm Operations Value Chain
Indoor farms encompass a set of operations similar to regular farms with a few exceptions. In
Figure 4.12, we outline the value chain of the typical indoor farm.
Figure 4.12: Indoor Farm Value Chain

The production process begins with the acquisition of raw materials; e.g., seed, substrate,
nutrients, water conditioners, etc. Once raw inputs are assembled, the production process
begins with germination in climate-controlled areas. When the plants are 1-2 weeks old they are
transferred to seedling holding areas and after that to an area for maturation. Typical
production times are 1-2 weeks for microgreens and 4-8 weeks for full sized heads of lettuce.
When mature, the plants are harvested. It is common for the whole plant to be harvested live,
although some farms will cut the product for packaging. The form of packaging depends on
method of harvesting. Live plants are usually packaged in plastic containers or boxes. Plants
waiting for shipment must be maintained at a USDA recommended temperature of 40 degrees
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or below (but above freezing). Refrigerated trucks must be maintained at similar temperatures.
Prices from CA travelling east for a 48-53 foot, 40,000 pound load refrigerated truck range from
$3800-$725035 as shown in the previous section in Table 3.6
. The highest costs are born by cities on the eastern seaboard including New York, Boston and
Philadelphia. The product is then unloaded and stacked on shelves in consumer markets or
warehouse holding areas for commercial customers.
At each stage of the value chain, costs accumulate, which are discussed in the next section.

Operating Costs of Indoor Farms
Direct and operational costs include the costs of labor, energy (either as electric or gas), the
costs of goods sold (COGS), packaging and distribution as noted in Figure 4.13.

35

USDA Truck Rate Report for the week of March 28, 2018. These numbers assume each truck holds about 40,000
pounds of product and does not include extra charges for delivery to terminal markets, multi-pickup and multi-drop
shipments.
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Figure 4.13: Direct and Operating Costs of Indoor Farms
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Energy Costs
The three primary energy costs for indoor farms are electricity for pumps, lighting and HVAC.36
Energy costs per plant for lighting vary by the type of plant and how closely they can be grown.
For example, mature heads of lettuce require a separation of about 8 inches on center in the
production system. Basil on the other hand, can be grown only about 2-3 inches apart, thus
lowering lighting costs. Energy costs for pumps and HVAC remain constant for both plants.
Our data reveal the following costs per plant based on an analysis of direct operational indoor
farm data, which is shown in Figure 4.14.

36

Heating costs might also be a function of natural gas.
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Figure 4.14: Energy Costs per Plant in Plant Factories

The costs of goods sold (COGS) include seed, substrate (e.g., rockwool), water, nutrients, water
conditioners, and packaging. These relative costs are illustrated in Figure 4.15.
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Figure 4.15: Total Costs of Goods Sold (COGS) Per Plant in an Indoor Farm

Taken together, the total cost to grow a plant indoors is approximately $1.33 per plant for lettuce
and $1.01 for basil. The relative components of cost are illustrated in Figure 4.16.
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Figure 4.16: Total Costs per Plant for Indoor Farms37

Summary of Costs for Indoor Farms
Together, labor and energy account for nearly 80% of the cost to produce plants and only about
20% is from materials and distribution. These results are consistent with Kozai et al. (2016).38
The cost to grow a plant to maturity and get it to market is on the order of $1.00-$1.30 per plant.
This puts wholesale pricing on the upper end of the scale and in line with organics. In the next
section we analyze the financial and other benefits to growing indoors.

37

We have purposely left out depreciation costs from this analysis. Although depreciation is considered an operating
expense, it is without cash flows. For this reason, we leave it out of the analysis since we are more interested in cash
flows as a consequence of operating expenses.
38 p. 23
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Tangible and Intangible Benefits of Indoor Farms
Indoor farms provide both tangible (e.g., financial) benefits as well as other intangible benefits.
Intangible Benefits
Indoor farms offer products with a different value proposition than crops grown through open
field methods. These are summarized in Table 4.5.
Table 4.5: Non-Financial Benefits of Indoor Farming

No Pesticides
Uses less water
Resilient to climate
changes, drought, etc.
Price stability
Premium Pricing
Organic & non-GMO
Seed
Vegan Certified
Grow Media
Prevents excess fertilizer
run-off into eco-system

Indoor
Farm
X
X
X

Veganic
Open Field
X
problem
problem

Organic
Open Field
X
problem
problem

Conventional
Open Field
problem
problem
problem

X
X
X

problem
X
X

problem
X
X

problem
no
problem

X
water
X

X
soil
problem

no
soil
problem

no
soil
problem

From an environmental perspective, indoor growing offers several benefits: less water use, no
excess fertilizer run-off into the eco-system, and fewer pesticides released into the environment.
These benefits also translate into the value proposition in the eyes of buyers, esp. having
pesticide-free food. From a commercial buyer’s perspective, indoor farming offers price stability
and consistency. From the grower’s perspective, indoor farming reduces risks associated with
climate change; e.g., droughts, floods, extreme temperatures, etc. Other benefits include Vegan
certification and the ability to grow effectively with organic and non-GMO seed.
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Indoor Farm Production Yields
On the financial benefits side, indoor farming offers much higher growing densities than open
field methods. There are two reasons for this. First, plants located too close to other plants in
an open field will compete for nutrients in the soil. Indoor farming using hydroponic methods
allows for closer spacing because they will be able to absorb nutrients directly from the water in
which they are grown. Close cropping only reaches a limit when plants begin to shade one
another. As a consequence, head lettuce will require about 8 inches between plant sites to
avoid this problem. Basil on the other hand, can do well at 2-3 inch spacing.
The other benefit to growing indoors is that the third vertical dimension can be used to cultivate
more plants. Indoor farmers think in terms of volume rather than surface area in two
dimensions. Grow beds can be stacked several feet high as is illustrated below in Figure 4.17.
Alternatively, the plants can be grown in vertical towers and the lights are placed in the vertical
plane perpendicular to the growing surface. Both have benefits and drawbacks, but the net
effect is the same: density per vertical foot goes up dramatically.
Figure 4.17: Indoor Vertical Multi-Tier Farm39

39

Source: Aerofarms
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The real allure of indoor farming thus is this stacking feature which allows for dramatic increases
in output. Our analysis in Table 4.6 shows indoor farm production for a 5-tier system.
Table 4.6: Indoor Farm Production Yields for 5-tier System

Plants
per ft2
per tier

# of
tiers

Total
Plants
per
Vertical
ft2

Total
Plants
for
1000 ft2
Floor
Space

Crop
Turns
per yr

Annual
Total
Plants
per
Vertical
ft2

TOTAL
PLANTS
PER
YEAR
(1000
ft2)

Basil

8.0

5

40.0

40,000

9

360

360,000

Mature
Lettuce

2.5

5

12.5

12,500

9

112

112,500

As can be seen above, yields vary by the plant type and its morphology. Basil for example will
yield about three times the amounts for lettuce given the way it grows. In this example, even a
small growing space of just 1000 ft2 will yield 360,000 plants for basil and 112,000 plants for
lettuce each year. We assume the number of plant-turns per annum to be nine, which is based
on a 6-7 week grow cycle for mature plants. It should be noted that other varieties such as
microgreens would experience significantly more crop turns since their grow cycle is on the
order of 1-2 weeks. These productivity gains are on the order of 30 times that of open field
farming. With the addition of up to 15 tiers, the productivity gains are on the order of 100 times
that of open field farming and 15 times that of greenhouse farms.40
Indoor Farm Revenues and Profits
These gains can be translated into sizable revenues, even for a small operation. These

40

Kozai and Nui 2016, 22
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revenues are illustrated in the next table.
Table 4.7: Indoor Farm Revenue for 1000 ft2 Growing Space

1000 ft2
Floor
Space
Grow Area

TOTAL
PLANTS
PER YEAR

Standard
Conv.
Wholesale
$/plant

TOTAL $

Premium
Wholesale
$/plant

TOTAL $

Basil

360,000

$1.60

$576,000

$2.33

$838,800

Mature
Lettuce

112,500

$0.75

$84,375

$1.50

$168,750

Clearly pricing has a huge impact on revenues and profitability. We used pricing based on
USDA averages for conventional and organics in early 2018. As can be seen above, basil and
lettuce can fuel a modest sized small business of only a few thousand square feet of growing
space. Taking costs into account such as labor, energy, distribution and COGS, our analysis
results in the following profitability results as shown in Table 4.8.
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Table 4.8: Profitability of Indoor Vertical Farm
LETTUCE
GROSS NET PROFITS
Category
Price $/plant
Wholesale
$
1.50
Wholesale
$
2.00
Retail
$
2.50
Retail
$
3.00
Retail
$
3.50
Retail
$
4.00

BASIL
GROSS NET PROFITS
Category
Price $/plant
Wholesale
$
1.50
Wholesale
$
2.00
Retail
$
2.50
Retail
$
3.00
Retail
$
3.50
Retail
$
4.00

Cost $/plant
$
1.33
$
1.33
$
1.33
$
1.33
$
1.33
$
1.33

Cost $/plant
$
1.01
$
1.01
$
1.01
$
1.01
$
1.01
$
1.01

$
$
$
$
$
$

$
$
$
$
$
$

NET/plant
0.17
0.67
1.17
1.67
2.17
2.67

NET/plant
0.49
0.99
1.49
1.99
2.49
2.99

%
11%
34%
47%
56%
62%
67%

%
33%
50%
60%
66%
71%
75%

$
$
$
$
$
$

NET Profits
100k Plants
17,000.00
67,000.00
117,000.00
167,000.00
217,000.00
267,000.00

$
$
$
$
$
$

NET Profits
360k Plants
176,400.00
356,400.00
536,400.00
716,400.00
896,400.00
1,076,400.00

Our analysis shows that indoor farms can compete effectively at the higher price points for
premium produce and less so at the rock-bottom prices of some conventional producers. Selling
at the retail level offers the highest profit potential. Here is an analysis of revenues, costs and
profits for a one acre vertical farm in Table 4.9.
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Table 4.9: Revenues and Profits of 5-tier One Acre Indoor Farm41

Summary of the Economic Feasibility of Indoor Farms
There are several different means of constructing an indoor farm ranging from greenhouses to
“plant factories.” Plant factories hold the most promise for urban and peri-urban areas in
temperate climates such as the U.S. Northeast. Indoor vertical farms however have the highest
capital costs, as much as $400/ft2 for a 15-tier production system. These costs are off-set by
very high yields on the order of 100 times that of open field farming. Other benefits include a
consistent supply of pesticide-free food with fewer ecological consequences using much less
water. Total costs to produce plants indoor range from about $1.00/plant for basil and about
$1.33/plant for lettuce according to our analysis.
In the future, once total costs to deliver a plant drop below $1.00/plant will indoor farming
effectively compete with conventionally-grown produce. In the meantime, indoor farming
products effectively compete at the price points of organics. In our estimation indoor vertical
farms are attractive investment opportunities for steady and consistent growth but by no means
are expected to be unicorns. Improvements in lighting, automation and climates controls
combined with accompanying decreases in farm input prices will improve the attractiveness of
the industry further to investors and farmers.

41

Assumes the sales price of Basil is $2.33/plant and lettuce is $1.50/plant.
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SECTION 5. FEASIBILITY OF CENTERS OF EXCELLENCE
In this section we discuss the characteristics and appeal of the concept of a Center of
Excellence. We begin with a general definition of the concept of a Center of Excellence,42
identify some of the industries where these centers are prevalent and identify the characteristics
of a sample of COEs that focus on open field or indoor agriculture.

Examples of Centers of Excellence (COE)
The concept of a Center of Excellence (COE) is appealing for a variety of reasons. With its
focus on excellence, it inspires confidence in providing access to high standards and cuttingedge technologies. It has been applied in a variety of contexts.
For example, the USAID has funded COE’s with a variety of missions, from a Center of
Excellence on Democracy, Human Rights and Governance43 to a Center of Excellence for
International Corporate Volunteerism.44 USAID also has sponsored purely academic centers of
excellence that focus on factors such as quality of education, research, infrastructure and
technology, university partnerships, institutional organization and administration, and students45
In industry or government, a COE typically represents a repository of best practices, domain
knowledge, pure and applied research, and opportunities for training. It has been most
successfully applied to engineering, manufacturing, computer science, software design, as well
as business innovation.
Numerous examples of COE’s can be found in domains of knowledge ranging from SAP
installations, to cloud computing, to HIPAA organizations, to digital marketing, to the US Pork

42

Council on Library and Information Resources: Kirchner, J., Diaz, J., Henry, G., Fliss, S., Culshaw, J., Gendron, H.,
& Cawthorne, J. E. (2015, February). The Center of Excellence Model for Information Services (Report). Retrieved
https://pdfs.semanticscholar.org/0ca6/4d45e8133b5a8b2a8b4c9f76539f411c4fc8.pdf
43 https://www.usaid.gov/who-we-are/organization/bureaus/bureau-democracy-conflict-and-humanitarianassistance/center
44 https://www.pyxeraglobal.org/usaid-ibm-pyxera-global-launch-center-excellence-international-corporatevolunteerism/
45 https://www.usaid.gov/businessforecast/search/award/90fa6d5f01?search=&location=All&solicitation_date=&award_date%5Bmin%5D=&award_date
%5Bmax%5D=&naics=&specialist=&fy=All&sort_by=title&sort_order=ASC&items_per_page=10&page=2
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industry, to health care institutes, to states like Nevada and Washington attempting to promote
business and educational innovation. Some COE examples are illustrated in Figure 5.1.
Figure 5.1: Examples of COE’s

http://www.apriso.com/blog/2011/04/how-a-center-ofexcellence-can-become-an-engine-for-continuousimprovement/

https://dilyticsinc.com/portfolio/center-of-excellence/

https://avvasinfotech.com/excellence/center_of_excellence

https://martechtoday.com/cmo-coe-3-steps-build-digital-centerexcellence-18539
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Key Characteristics of Centers of Excellence
Typically, a COE is a team of people working in a specific area towards established goals.
COEs may be structured in a variety of ways. Some are temporary while others are permanent
initiatives. They may be structured as private or public entities, as a department within an
existing organization or may be set up as an independent institution. COE teams are often
cross-functional and may include internal and external stakeholders.
Areas of focus may include a technology, an industry, a business concept, skill development or
utilization, or an area of study. Goals may include basic research, innovation and technological
development, or social and economic development. The structure and function of a COE is
often articulated as a result of a feasibility study, needs assessment, or design study.
Once operationalized, a COE must cultivate and apply a centralized body of knowledge and
subject matter expertise that includes tacit (verbal) and explicit (codified) knowledge to the
solution of business problems. Tacit knowledge is often communicated through leadership,
culture, teamwork, and mentoring whereas explicit knowledge is communicated via IT systems,
reports, e-learning, and portals. Of the two knowledge types, tacit knowledge is oftentimes more
valuable to the goals of the COE.46
At the heart of any Center of Excellence is the ability to manage and disseminate knowledge in
support of innovation and learning. According to Frost (2002)47, a Center of
Excellence,”….embodies a set of capabilities that has been explicitly recognized …. as an
important source of value creation, with the intention that these capabilities be leveraged and/or
disseminated….”(Marciniak 2012).48 Value creation is of course fundamental to any innovation
process.
Best practices are also seen as a core competency of most COE’s. “(COE’s) …set priorities,

46

Herbert, I. (2012). Raising the Standard. Organisational design: The role and form of the Centre of Excellence.
Journal of the Institute of Management Sciences, 56(2), 31-34. Retrieved from http://www.imsproductivity.com/user/custom/journal/2012/MSJ-Summer-2012.pdf
47 Frost, Tony & Birkinshaw, Julian & Ensign 安森, Prescott. (2002). Centers of excellence in multinational
corporations. Strategic Management Journal. 23. 997 - 1018. 10.1002/smj.273.
48 Marciniak, Robert. (2012). Center of Excellence as a next step for shared service center. Journal of International
Scientific Publication: Economy & Business ISSN: 1313-2555. 6. 231-238.
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create a strategy map, standardize procedures and collect best practices for business process
initiatives.”49
Bryan (2011)50 argues that COE’s tend to focus on the future and are especially good at
accelerating the sharing of tacit knowledge vs. explicit knowledge. Explicit knowledge is
knowledge codified in books, web sites and manuals, whereas tacit knowledge is that which is
stored in people’s heads and is only likely to only be expressed in conversation and during
problem solving. For instance, conferences play a key role in the sharing of tacit knowledge,
unlike formal classroom study which focuses on the dissemination of codified and explicit
knowledge. COE’s certainly can be effective at promoting the sharing of both types of
knowledge.
With its future focus, a COE also tends to align with strategy as opposed to current operations.
Indeed, one reason COE’s are set up in the first place is to find a home for this type of future
thinking because most managers are often bogged down in day-to-day operations and the
satisfaction of clients. COE’s provide an opportunity for members to evaluate core assumptions
and strategies that dominate present actions.

A Model of the Functions of a Center of Excellence
One useful way to envision the functions of a COE is through the frameworks of the Balance
Scorecard (Kaplan 1998)51 and the Baldridge Criteria for Performance Excellence (Baldrige
2008).52 The Balanced Scorecard has been used successfully to evaluate and guide
organizational development for two decades. The framework is made up of four dimensions:
Learning and Growth, Internal Business Processes, the Customer, and Financial Measures. The
Baldrige Criteria for Performance Excellence framework embodies seven categories:
leadership; strategic planning; customer and market focus; measurement, analysis, and

49

Ref: http://online.wsj.com/ad/article/enterprisetech-building. J. Mullich. Retrieved 2018-02-15
Bryan, Kerin, Ian Herbert (2011): The Centre of Excellence”, E&T Magazine, pp. 1-9, 06.10.2011
51 Kaplan, Robert S. & Norton, David P. Ch. 6, “The Balanced Scorecard—Measures that Drive
Performance, ” 71-79. Harvard Business Review on Measuring Corporate Performance, Harvard
Business School Press, 1998.
52 Baldrige National Quality Program. 2008 Criteria for Performance Excellence.
http://www.quality.nist.gov/PDF_files/2008_Business_Nonprofit_Criteria.pdf
50
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knowledge; workforce focus; process management; and results. Craig et al (2009)53 constructed
a hybrid model made up of the two frameworks that they suggest can be used for the
“certification” of COE’s.
Our own high-level COE functional model is illustrated in Figure 5.2. This model applies to both
internally supported COE’s as well as free-standing ones.
Figure 5.2: Key Dimensions for Any COE

Leadership and
Advocacy

Sustainability

Innovation and
Learning

Markets and
Industry

Technology

Financial
Management

Business Processes
and Operations

In the area of leadership, we see a COE as providing thought leadership to the industry and
offering a strategic long-term orientation and viewpoint. We also see a COE as providing a
base for policy formation and advocacy on behalf of the industry. COE leadership should

53 Craig, W., Fisher, S., Garcia-Miller, S., Kaylor, C., Porter, J., Reed, L.S., “Generalized Criteria and Evaluation
Method for Center of Excellence: A Preliminary Report”, Technical Paper., Carnegie Mellon University
Research Showcase @ CMU, Software Engineering Institute. Dec 2009
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promote innovation and public-private synergies leading to ‘transformative growth’ in the
industry over several years.
In the area of innovation and learning, the sharing of best practices and other core knowledge
relevant to the industry is perhaps the most important function of the COE. We also see the
COE as providing opportunities for training and development, esp. in support of workforce
development. In short, a COE is about developing people to take on the challenges of the
industry. We also see the COE as creating partnerships and collaborations between
universities, schools, government and businesses. Finally, a COE can be the site for cuttingedge research and R&D.
In the area of industry and markets, we see the COE helping to bring the needs of customers to
the leaders of industry. Collecting data on markets is also a key function. We see a COE as
helping industry representatives to expand business operations.
Efficient business operations and processes are critical to all companies, especially those in
indoor agriculture. These include supply chain management, operations management,
distribution and logistics. We see the COE as fostering best practices in all of these areas. The
COE can also be a valuable partner in effectively navigating local zoning laws and regulations.
We see the COE as helping companies to set up effective financial management systems and
business models in order to be successful with customers and other stakeholders.
Technology is a key component to indoor farming. We see the COE as serving as a leader in
technology R&D and applications. Areas of interest would include lighting, systems, data
collection and analysis, and automation, to name a few.
Finally, we see the COE as helping its member organizations to operate in a sustainable fashion
thorough the implementation of best practices to minimize waste and to conserve resources.
We used this model to guide our COE feasibility study assessment in the context of our
interviews and the survey we designed. It can also be used for the future design and
development of a COE for Indoor Ag.
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Centers of Excellence in Agriculture and Indoor Agriculture
While Centers of Excellence appear in many technology-driven industries, they are less
common in agriculture. In agriculture, universities typically play a dominant role in the
development of domain knowledge such as industry forecasting models, marketing models, pest
and disease control or research leading to the enhancement of the nutritional value of crops.
However, these activities tend to be academically-focused and less rooted in the regional needs
of the workforce, employers, and economic development goals. In general, industry-oriented
COE’s attempt to bridge the gap between theory and practice and serve the needs of a much
broader array of stakeholders.
In the relatively newer sub-field of indoor agriculture, there are very few centers, public or
private, that have been set up to address the specific needs of this relatively new method of
crop production.
That said, our research has identified a dozen examples of Centers of Excellence in areas
related to indoor and traditional agriculture. These examples are provided in Table 5.1. We have
organized the table by the COE’s location, year founded, its primary focus, structure, function,
funding source and size.

PAGE | 101

Center of Excellence for Indoor Agriculture: Feasibility Study

Table 5.1: Examples of Centers of Excellence in Agriculture

Location

Name

Northcentral
Technical
College
Agriculture
USA-Wausa, Center of
WI
Excellence

USAHarrisburg,
PA

Center for
Dairy
Excellence54

Cornell Dairy
USA-Cornell, Center of
NY
Excellence

Year

Focus

Farming and
2009 Animal Care

Milk production
2004 and profitability

Structure

The Harding
Street Urban
Agriculture
Center

The Center for
Sustainable
Agriculture
Excellence
and
USAJacksonville, Conservation
(CSAEC)
2014
FL

FranceBiesheim
54

Berry Global,
European
Center of
Excellence for
Agriculture

Rural Farming,
Urban Farming,
Agronomy:
Agro ecology
Hydroponic
Aquaponics

2017 Crop Protection

Marathon
County
Funding

Size

Education

Non-profit
Public-private
partnership

USDA
sponsored;
Advocacy and Foundation
business
grants, industry
expertise
support
Not available

Interdisciplinary
research,
extension outreach
2014 and teaching
University

2014 Food Deserts

Funding

Technical
College

Plant Science,
Agricultural &
Biosystems
University of
Engineering, Plant
Arizona
physiology, Sensor
Controlled
technology,
Environment
Applied computer
USA-Tucson, Agriculture
University
AZ
Center (CEAC) 1998 technology

USAPetersburg,
VA

Function

Collaborative
project among
Virginia State
University, City
of Petersburg,
Department of
Social Services

Non-profit
organization

Corporation

110 acres

Applied
research

University
supported

Research,
Education

30,000 sq/ft of
greenhouse,
State Funding, vertical, and
USDA, NASA, urban crop
Corporate
production
Sponsorship
facilities

Production,
Distribution,
Research,
Education

15,000 square
USDA-NIFA at feet within
Virginia State former YMCA
University
building

Education

Donations,
Grants, Gifts,
MOU
agreements,
Program
Income,
Interest

Research,
Production

Berry’s Health
and Specialties
Division –
Europe, the
Middle East,
Not Available

Not available

Not Available

http://centerfordairyexcellence.org
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India, and
Africa (EMEIA)

India
(various
locations)

The Centre of
Excellence
(CoE) for
Protected
Cultivation
and Precision
Farming on
Vegetables

GreenClocks
New
Generation
City farm at
Osaka
Prefecture
Japan-Osaka University

Netherlands- Philips Grow
Eindhoven Wise Center
Wageningen
University &
Research,
Plant
Research,
Netherlands- Greenhouse
Wageningen Horticulture

Indo-Israel
Agriculture Work
Plan
(memorandum Production,
of
Research,
2008 Precision Farming understanding) Education

2014 Lighting

Corporation

Funded by
both the
Federal
Government
NHM and by
300 hectares
individual State in Gujarat
Governments state alone

Provision of
Lighting
Expertise,
Requirements
Gathering on
Japanese
Vertical
Farming, Local
Production,
Philips
Verification
Horticulture
Model
LED Solutions 1,300 m2

2015 Lighting

Corporation

Research

Greenhouse
1997 Horticulture

Merger of Dutch
ministry of
agriculture,
Research,
Education,
Wageningen
University
Policy

Serbia-Novi
Sad

BioSense
Institute at
University of
Novi Sad

Digital agriculture,
Agricultural
monitoring,
Nanotechnology,
microelectronics,
Remote Sensing,
Biosystem
research,
Big data,
Communications,
2015 Signal processing Public Company Research

SwedenLinkoping

Plantagon,
International
Center of
Excellence for

Vertical Farming,
Urban Farming,
Plantscrapers,
Integrated
2014 solutions for

234 square
Philips
meters of city
Horticulture
farming within
LED Solutions office building.

Government,
Nonprofits,
Corporate
Sponsorship

7,500 square
meters

EU Grant,
Republic of
Serbia and the
Ministry of
Education,
Science and
Technology
Development

Scientific and
Technological
Park of 29,000
square meters
4,000 square
meters.

Corporation

Research and
Development Plantagon

175-foot tall
greenhouse
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Urban
Agriculture

TaiwanTaipei

energy, excess
heat, waste, CO2
and water

The China
Productivity
Center (CPC)
and in
conjunction
Regional green
with several
business value
Collaboration of Green
government
APO Center of
chain and
Multiple
economic
Excellence on
industrial
International
development of ministries in
the Republic of
Green
productivity,
Governmental the AsiaProductivity
2013 technology transfer Agencies
Pacific region China (ROC) N/A

The top countries supporting these initiatives include the Netherlands, Japan, the United States,
Israel, India, Australia, and China, among others. The US has a strong concentration of centers
of excellence in dairy and farming methods. The Netherlands is a leader in indoor and
greenhouse growing methods and has centers for lighting and indoor production as well as
horticulture. Some of the newer center also integrate agriculture with sustainable methods

Summary of the Center of Excellence Concept
The concept of the Center of Excellence is powerful. By focusing on industry leadership,
innovation and learning, markets and industry structures, business operations, financial
management, technology and sustainability, it can be a potent force for change and
advancement. Its impact can be especially critical in the development of new and emerging
markets and industries. One of the key features of a COE is that can bring experts from diverse
disciplines together from academia, business and government to develop innovative future
solutions for the industry.
Indoor agriculture is by our assessment in the early stages of its development. The focus of
most conferences for indoor agriculture is typically on production methods and technologies
rather than business models, marketing and distribution. To us, this is the sign of an industry in
its early childhood. A Center of Excellence for Indoor Agriculture can therefore have a huge
impact on the evolution of the industry and can contribute to accelerating its development.
Given the fact that no COE currently exists in this field provides further justification for building a

PAGE | 104

Center of Excellence for Indoor Agriculture: Feasibility Study

CEO for indoor farming.
Finally, our primary data from the survey and the interviews support the conclusion that the time
is ripe for a COE. Our respondents strongly agree that this an ideal time (nearly 4.5 on a scale
of 5) to set up a CEO for indoor farming (see Figure 5.3). These results are presented in greater
detail in Section 9 of this report.
Figure 5.3: Survey Results: Timing of Center of Excellence for Indoor Ag (5=Excellent)

COE Timing
5
4.5
4
3.5
3
2.5
2
1.5
1
0.5
0

The TIMING is right for a Center of Excellence for Indoor Ag
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SECTION 6. FEASIBILITY ANALYSIS OF THE INDOOR FARMING
INDUSTRY AND MARKET
In this section, we analyze the characteristics of the market for food produced using indoor
agriculture techniques and methods. We also profile the industry and its dynamics; i.e., the
major farms, suppliers, services companies, etc. and the barriers to entry, competition, supply
and distribution chains. We include data from our survey and interviews.

Industry Analysis
Porter’s 5-Forces Model
We used one of the most well-known business analysis frameworks developed by Michael
Porter of Harvard Business School to better understand and analyze the indoor agriculture
industry. There are five components to the model as illustrated in Table 6.1 and Figure 6.1.
Table 6.1: Porter’s 5-Forces Model

Factor
Power of Suppliers

Power of Buyers

Barriers to Entry

Substitution Effects

Basis for Competition

Description
If the number of suppliers is few relative to the size of the
industry or the industry is fragmented, the suppliers’ power to
raise prices or change product quality is greater.
The more buyers understand the nature of the industry, the
greater the number of firms, and the more products are
standardized, the greater the likelihood that buyers will have
significant bargaining power.
A barrier to entry keeps new competitors and entrants out of
the market. Examples of barriers include regulations, IP, capital
costs, etc.
Products/services which accomplish the same function in a
different way or at a different price usually in a different
industry. For example, Skype calls can substitute for plane
travel. Same function but two different industries.
Firms typically compete on low-cost or value-added
differentiation. In general, a highly competitive industry will
drive down profits and ultimately the rate of return on
investment.
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Figure 6.1: Porter’s 5-Forces Model

Basis for
Competition

Suppliers

Firm

Buyers

Product
Substitution

Barriers to
Entry

The model offers insight into the dynamics of the relationship between suppliers and customers,
the relationship between customers and providers, the basis for competition among firms, the
barriers to entry into the industry, and the threat of substitution; i.e., to what degree can a buyer
substitute one product for another from another industry.
Competitive Analysis of Indoor Ag Using Porter’s Model
We interpreted Porter’s model in terms of indoor farming in the following way as illustrated in
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Figure 6.2. The “Firm” is the Indoor Farm. Suppliers include equipment manufacturers, lighting,
grow systems suppliers, substrate companies, consulting and design service firms, automation
equipment, robotics, data analytics, etc. Distribution channels include cold chain support,
packaging facilities (if not in-house), trucking companies, etc. Buyers include national brand
markets such as Whole Foods, Wegmans, etc., as well as consumer direct, restaurants,
hospitals and other institutional buyers.
Figure 6.2: Relationships among Suppliers, Farms and Consumers

Suppliers
• Systems
• LIghting
• Consulting

Consumers
Indoor Farm

Distribution
Channels

• Markets
• Direct
• Restaurants

Based on the survey results, our interviews and published reports, our competitive analysis of
indoor agriculture reveals a moderately competitive landscape as indicated in Table 6.2.
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Table 6.2: Competitive Analysis of Indoor Farming
Factor

Assessment
(Hi-Med-Low)

Analysis

Power of
Suppliers

Low-Medium

Power of
Buyers

High

We rate the power of suppliers to be low to medium depending on the
product. Currently there are several lighting manufacturers vying for
business among indoor growers. The power of suppliers among them
would therefore be low given the competition. On the other hand, there are
only a few makers of non-soil substrates such as Grodan and Horticubes.
Here the power of suppliers is higher and approaching medium. In the area
of data analytics there is considerable competition among suppliers, thus
diluting their power relative to farmers.
Buyers are in control given the substantial number of choices they have for
fresh produce. Organics are now widely distributed and available nationally
at major retain channels. Indoor grown produce is steadily making its way
onto grocers’ shelves, esp. leafy greens. In terms of choice, consumers
have ample choice which puts them in the driver’s seat.
Barriers to entry are rated medium at this time. The recent venture round of
$200 million to Plenty has paved the way for others to access capital, esp.
those who have been in the game for the past 5 years. Expertise is another
barrier to entry and has led some VC’s to push for the acquisition of whole
firms by others to obtain IP. Other barriers include knowing which
technologies to purchase for lighting, grow systems, etc.
Substitution effects pertain to product substitutes from industries external
to the home industry, in this case indoor ag. For example, there currently
are no substitutes for lettuce from suppliers other than from agriculture. A
true substitute might be an artificial food product created to simulate the
characteristics of lettuce. For these and other reasons, the threat of
substitution effects is low currently.
Given the significant energy and labor costs associated with indoor farm
production systems (as well as the capital costs) and the relatively low
prices growers can charge for individual items such as lettuce, the only
way to effectively compete for indoor growers at this time based on value
and differentiation.

Barriers to
Entry

Medium

Substitution
Effects

Low

Basis for
Competition

Value-based
Differentiation
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Competitive Analysis of Farms-Survey Results
We asked several related questions regarding industry structure and dynamics of our
respondents. To begin, we asked to rank the factors of competition among farmers, barriers to
entry, and the basis for completion. These results are shown in Figure 6.3.
Figure 6.3: Survey Results: “Please respond to the following statements that pertain to
GROWERS in the Indoor Ag Industry.“ (5=high; 1=low)

Competition Among Growers
5

4.5

4

3.5

3

2.5

2
Competition among INDOOR Barriers to Entry are HIGH INDOOR GROWERS compete INDOOR GROWERS compete
GROWERS is HIGH
for INDOOR GROWERS
on the basis of LOW COST on the basis of HIGH VALUE
products

Given the relative infancy of the industry and the small number of indoor farms as of this writing,
it is not surprising that competition among growers is characterized as relatively modest.
Barriers to entry are rated under 4.00 and according to our interviews, include technology
acquisition, obtaining the necessary capital, and access to key expertise. It is also clear from the
assessment that indoor farmers are more likely to compete on the basis of value rather than
price. This is consistent with the data presented in an earlier section of this report.
Produce from indoor farms is more likely to be positioned to compete directly with organics as
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opposed to conventionally grown vegetables. The differentiating factor for indoor produce is that
it is pesticide-free and grown more sustainably than using open field methods. Further
differentiation is expected as growers learn to enhance the nutritional value of their plants
through advanced lighting methods and other environmental modifications. Taken one step
further, indoor growers are likely to find new markets in the production of specialized non-edible
plants that have health benefits. This conclusion is supported by the following survey data
shown in Figure 6.4.
Figure 6.4: Survey Results: “Please rate the IMPORTANCE of each the following
different TYPES OF GROWERS to the Indoor Ag industry” (5=high; 1=low)

Types of Growers
4.5

4

3.5

3

2.5

2
Indoor growers who produce HIGH
VALUE plants; e.g., ones with special
properties, hard to find, exotic,
medicinal properties, etc.

Indoor growers who only produce
vegetables for LOCAL MARKETS

Indoor growers who produce
vegetables for NATIONAL
DISTRIBUTION and who compete on
the BASIS OF COST

Our respondents agree that high value growers are expected to play an important role in the
industry. Growers for local markets are also expected to be key players according to the survey.
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While we did not define “local” for our respondents, the USDA defines “local” as grown within
400 miles of customers. This liberal definition allows for produce grown say in New York or
Philadelphia to include millions of customers on the east coast including Boston and
Washington, DC as part of a “local” customer base. Interestingly, our respondents do not see
indoor farms specifically set up for national distribution in quite the same light. We attribute this
to the fact that it still is hard to compete with open field farmers strictly on the basis of low cost
production (and hence pricing), which we discuss in greater detail later in this report. Again,
indoor farmers currently position themselves as high value-add producers and therefore
command higher price points in the marketplace.
Analysis of Suppliers-Survey Results
We also looked at the industry dynamics from the vantage point of suppliers to the indoor farms.
These data are shown in Figure 6.5.
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Figure 6.5: Survey Results: “Please respond to the following statements that pertain to
SUPPLIERS in the Indoor Ag Industry” (5=high; 1=low)

Competition Among Suppliers
4.5

4

3.5

3

2.5

2
Competition among
SUPPLIERS is HIGH

Barriers to Entry are HIGH SUPPLIERS compete on the SUPPLIERS compete on the
for SUPPLIERS
basis of LOW COST products
basis of HIGH VALUE
and services
products and services

Competition among suppliers is rated at almost 3.9, which is fairly high. Our respondents also
see suppliers competing on the basis of value and differentiation rather than low cost/price.
Again this is consistent with a nascent industry. Barriers to entry are modest but not prohibitive
for suppliers.
Enabling Technologies that Suppliers Provide to Indoor Growers-Survey Results
The key enabling technologies provided by suppliers include the following products and services
as noted in Figure 6.6. These manufacturers show a strong presence at conferences and
association meetings. Much of the technology focusses on production and less so on
packaging, distribution and merchandizing. This result is attributed to the relative infancy of the
industry.
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Figure 6.6: Survey Results: “Please rate the IMPORTANCE of each the following

key TECHNOLOGIES for GROWING INDOORS” (5=high; 1=low)

Enabling Tech for Indoor Ag Ranked
Lighting
Growing systems
HVAC systems
Substrates and nutrients for growing
Monitoring systems
Process controls
Seed
Data management systems
Buildings
Automation
Distribution systems
Harvesting equipment
Greenhouses
Transportation systems
Robotics
Artificial Intelligence (AI)
2

2.5

3

3.5

4

4.5

5

Additional information and insights regarding technologies for indoor farming are provided in
Chapter 4 of this report, “Feasibility and Economics of Indoor Farms.”
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Market Analysis
Markets are defined by target customers, groups of customers, market size, market potential
and market revenues. Whereas industry analysis focusses on the supply side of the equation,
market analysis focusses on the demand side. We asked our respondents to evaluate the
overall opportunities for indoor agriculture and who the primary target customers will be. Our
findings are presented below.
Survey Results-Market Analysis
Our first question to our respondents had to do with the market potential for indoor agriculture;
i.e., how large could this market be over the next five years. More than 50% of our respondents
view this market to be a multi-billion-dollar market. To put this in perspective. It took nearly one
hundred years for mushroom production to reach sales of one billion dollars per year in the U.S.
Figure 6.7: Survey Results:“What ANNUAL US $ DOLLAR REVENUE POTENTIAL do you
see for Indoor Agriculture IN THE NEXT 5 YEARS?”

Revenue Potential Indoor Ag in 5 Years
More than $20 Billion
$11‐20 Billion
$6‐10 Billion
$3‐5 Billion
$1‐2 Billion
$500‐1000M
$251‐500M
$101‐250M
$10‐100M
0%

5%

10%

15%

20%

25%

30%
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Roughly 53% of our respondents view the annual market to be between $1-10 billion dollars per
year. Another 22% view the market between $500-1000M dollars per year. All told, more than
75% of our respondents see indoor agriculture as $500M/year or better marketplace. Only a
small percentage view the market as a smaller niche market of $100M or less.
Given that the total market for fresh vegetables is on the order of $14 billion per year, we
conservatively estimate the market for indoor agriculture to grow to about $3 billion within five
years given the state of current technology and other factors.
This is consistent with responses to the next question we asked: “What percentage of the
overall market for fresh vegetables will be from Indoor Agriculture in the next five years?” These
data are illustrated in Table 6.3.
Table 6.3: Survey Results: “What PERCENTAGE of the OVERALL MARKET for FRESH
VEGETABLES will be from Indoor Agriculture IN THE NEXT 5 YEARS?”

#

Answer

Bar

%

Estimated
$ Billion (1)

1

0-5 %

18%

0.7

2

5-10%

23%

1.4

3

10-20%

23%

2.8

4

20-30%

18%

4.2

5

30-40%

13%

5.6

6

40-50%

5%

7.0

7

more than 50%

3%

7.0+

100.00%

14.0

Total

Notes: (1) The last column was calculated as a % of the total market at $14 billion using the upper end of
the range. These data did not appear in the survey question itself.

The last column (which we added) shows the estimated size of the future market for fresh
vegetables grown indoor based on a current market size of approximately $14 billion. A
majority of our respondents put the estimated future market size of indoor agriculture in the
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range of $1-5 billion. We believe the value of $3 billion to be a fair estimate as noted above.
The next question we asked pertained to the expected growth of the market in the next five
years. The data reveal a bi-modal distribution. Some of respondents see only modest growth
per year of indoor agriculture in the next five years, whereas others are highly optimistic and
expect growth of 50% or better each year. See Figure 6.8.
Figure 6.8: Survey Results: “WHAT PERCENTAGE % ANNUAL GROWTH DO YOU SEE
FOR INDOOR AGRICULTURE IN THE NEXT 5 YEARS?”

% Growth in Next 5 Years
more than 50%
40‐50%
30‐40%
20‐30%
10‐20%
5‐10%
0‐5 %
0%

5%

10%

15%

20%

25%

30%

35%

We tend to agree with the majority that estimate 20-30% growth per year is a reasonable
estimate of the expected growth of this market given the current challenges.
Our last question to our respondents pertained to the target customers for indoor agriculture
products. Put another way, with whom will indoor farmers establish customer relationships with?
The results are instructive as indicated in Figure 6.9.
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Figure 6.9: Survey Results-“PLEASE RATE THE IMPORTANCE OF EACH THE
FOLLOWING TARGET CUSTOMERS FOR VEGETABLES PRODUCED FROM INDOOR
AGRICULTURE.”

Target Customers Ranked
Consumers (US)
Specialty Markets
Restaurants
Supermarkets
Large Box Stores (e.g., Walmart)
Amazon
Produce Distributors (e.g., Sysco)
Other Online Distributors
Consumers (non‐US)
2.0

2.5

3.0

3.5

4.0

4.5

5.0

The top four target customers are U.S. Consumers (4.4), specialty markets (4.3), restaurants
(4.2), and supermarkets (4.0). We interpret this result to suggest that indoor farms plan to sell
directly to US consumers through specialty markets and supermarkets. Specialty markets are
likely to appeal to consumers who favor local produce vs. shoppers of larger supermarkets,
which would sell brands from any part of the country. There is a clear preference at this time for
domestic sales vs. export sales. Selling to restaurants also makes sense, esp. to higher end
“farm to table” establishments that laud the benefits of organics, locally produced, or pesticidefree foods. This result also is supported by the fact that Americans continue to eat out in greater
numbers than ever before as evidenced by the growth of restaurant industry sales (See Figure
6.10).
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Figure 6.10: Restaurant Industry Sales55 1970-2017 in $ Billions

According to our survey, there is less support for selling to large box stores like Walmart or
selling online to consumers via Amazon. Large scale distributors like Sysco are indicated as a
potential channel but also to a more limited degree. This may be attributed to the fact that large
distributors require minimum volumes that indoor farms cannot meet at the present time. It may
also be a function of relationship development. Finally in the category of “other”, our
respondents highlighted the importance of two other target customers. The first was large
institutional buyers such as school, hospitals, and government agencies. We agree that this
could be a significant market for indoor farmers. For instance, oncology groups need sources of
pesticide-free foods for their patients. This would be an excellent fit with produce grown
indoors. Another interesting target customer that our respondents identified was companies that
distribute meals directly to consumers through farm box subscriptions or meal services like Blue
Apron. We agree that these could grow to become significant outlets over time.

55

http://www.restaurant.org/News-Research/Research/Facts-at-a-Glance
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Summary of Indoor Ag Market and Industry Analysis and Feasibility
Industry Analysis
Our analysis is summarized in Figure 6.11.
Figure 6.11 Industry Analysis of Indoor Farming

Market Analysis
We see the market prospects for indoor farming are strongly positive. Given that the total
market for fresh vegetables is on the order of $14 billion per year, we conservatively estimate
the market for indoor agriculture to grow to about $3 billion within five years given the state of
current technology and other factors. Based on our survey and other data, we estimate 20-30%
market growth per year.
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Our respondents ranked the top four target customers as: U.S. Consumers (4.4), specialty
markets (4.3), restaurants (4.2), and supermarkets (4.0). We interpret this result to suggest that
indoor farms plan to sell directly to US consumers through specialty markets and supermarkets.
Specialty markets are likely to appeal to consumers who favor local produce vs. shoppers of
larger supermarkets, which would sell brands from any part of the country.
Selling to restaurants makes sense, esp. to higher end “farm to table” establishments that laud
the benefits of organics, locally produced, or pesticide-free foods. This result also is supported
by the fact that Americans continue to eat out in greater numbers. Large institutional buyers
such as school, hospitals, and government agencies are also key target customers.
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SECTION 7: REGIONAL FEASIBILITY ASSESSMENT
In this section, we analyze the characteristics of the region as a feasible location for a Center of
Excellence for Indoor Agriculture. We begin with an overview of the region and the towns that
host most of the mushroom facilities in the region. We then share the results of the survey and
provide a general assessment of the area as a potential site for the COE.
Figure 7.1: Chester County, PA

Chester County (PA)
Chester County (Chesco) is a county in the U.S. state of Pennsylvania, and the county seat is
West Chester. Eastern Chester County is home to many ‘Main Line’ communities part of the
western suburbs of Philadelphia, while its southernmost portion is considered part of suburban
Wilmington. Chester County, PA borders the following areas: New Castle County, DE; Cecil
County, MD; Berks County, PA; Delaware County, PA; Lancaster County, PA; and Montgomery
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County, PA56. Per the US Census, the population in Chester County as of July 1, 2016 was
516,312 residents. Of this, 86.2 percent were White, 7.3 percent were Hispanic, 6.3 percent
were Black, and 5.3 percent were Asian57.
Agricultural production is diverse, including dairy production, horses and other livestock, poultry,
mushrooms, nurseries, orchards, and field crops, making Chester County second among all
Pennsylvania counties in the value of agricultural products sold58. In the past, farming and
horticultural production were the primary industries in this semi-rural region. Currently,
secondary and service sector industries, such as light assembly, manufacturing, retail and
restaurants, and professional services, are equally important to the local economy. However,
mushroom growing remains a major industry in terms of employment and revenues with the
county producing over half of all mushrooms consumed in the United States. The agriculture
industry contributes over $3 billion to the local economy through sales, employment, taxes, and
services, and has numerous operating farms, most of which are family-owned small
businesses.59
Southern Chester County
Several municipalities in southern Chester County, PA are engaged in mushroom farming
including East Marlborough, New London, West Grove, New Garden, Kennett Township,
Kennett Square and others. Of these, Kennett Township, Kennett Square and New Garden
served as sponsors of this report to explore the development of a COE for indoor farming and
examine the diversification of the industry from mushrooms to other potential crops. Thumbnails
of the three sponsors appear below and are profiled in greater depth later in this section.60


Kennett Township is in southeastern Pennsylvania in southern Chester County. Its
southern border is adjacent to the State of Delaware (New Castle County, DE).
Philadelphia, PA is 25 miles to the east and Wilmington, DE is 8.5 miles to the
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https://datausa.io/profile/geo/chester-county-pa/
https://www.census.gov/quickfacts/fact/table/chestercountypennsylvania/PST045216
58 http://www.chescoplanning.org/CompPlan/pdf/Landscapes2.pdf (Page 34)
59 http://knowthisplace.com/pa/southern-chester-pa-bk
60 https://kennett.pa.us/DocumentCenter/View/1101 (Page 3-2)
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southeast. Kennett Township is 15.6 square miles in size61.


New Garden Township is to the west of Kennett Township, and has experienced
significant suburban development over the past decade. It retains a high concentration
of mushroom production related land uses in the central and northern sections of the
Township along with numerous commercial and industrial uses along Routes 1 and 4162.



Kennett Square Borough is in the northwestern corner and is a part of Kennett
Township. The Borough is a small borough with a dense grid development pattern and
serves as an “urban center” for Kennett Township and the surrounding region63.

Highway Corridors in Region
Several major transportation corridors crisscross Chester County, providing access to the larger
metro region. The numerous connections to Delaware to the south and Philadelphia to the north
provide access for commuters working elsewhere and living in the Kennett region as outlined
below64:


Route 82 is a major north-south route through the center of the Township and Kennett
Square Borough. It provides access to DE, the Route 1 corridor, and Coatesville/Route
30 corridor.



Route 52, in the northeastern corner of the Township, provides direct access to
Wilmington and to I-95 in DE. Because of its wide paved shoulders, Route 52 is also
heavily used by cyclists and joggers travelling between Route 1 and Greenville, DE.



Route 41, which crosses the southwestern tip of the Township, is a major transportation
route between DE and Lancaster County via southern Chester County. Heavy truck
traffic along this route has contributed to ongoing safety and congestion problems which
PennDOT, in coordination with the county and local communities, has been trying to
address.



Route 1, which crosses the northernmost sections of the Township, is the major eastwest route through the region. This corridor is one of the oldest and most widely used

61

https://kennett.pa.us/DocumentCenter/View/1101 (Page 3-2)
https://kennett.pa.us/DocumentCenter/View/1101 (Page 3-2)
63 https://kennett.pa.us/DocumentCenter/View/1101 (Page 3-2)
64 https://kennett.pa.us/DocumentCenter/View/1101 (Page 3-4)
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highways in Chester County. Locally, Route 1 serves as a connection between southern
Chester County and the Philadelphia area. On a larger scale, Route 1 links major cities
of the east coast though its use for interstate travel has decreased since the construction
of I-95. The Route 1 Bypass, completed in the late 1960’s to the north of Kennett Square
Borough, relieved some of the Borough’s downtown traffic congestion. The Bypass can
be accessed from Route 82, just north of the Kennett Township line. Old U.S. Route 1,
historically known as Baltimore Pike, serves as the ‘main street’ in Kennett Square
Borough where it is called State Street.
Rail, Air and Ports
Nearby ports include the Port of Willington (17 miles), the Port of Philadelphia (40 miles) and the
Port of Baltimore (72 miles). The Philadelphia Wholesale Produce Market, a massive cold
storage complex is located near Philadelphia airport and is about 35 miles from Kennett
Township.
The East Penn Railroad-Octoraro line right-of-way provides rail freight opportunities for southern
Chester County. This line traverses Kennett Township, roughly parallel to U.S. Route 1. East
Penn Railroad – Octoraro is the current owner/operator of the right-of-way and line, which in
connection with East Penn Railroad – Wilmington/Northern line is used for freight operations
between Wilmington, DE and Oxford Borough via Chadds Ford. SEPTA (Southeastern
Pennsylvania Transportation Authority) owns the passenger rights of the Octoraro line, although
the existing track quality is insufficient to meet current passenger rail needs and standards65.
Businesses in Southern Chester Country66
The southern part of the county is home to several large businesses and organizations, some of
which are listed here:




65
66

Dansko, Inc.
Exelon Generation
Genesis
Herr Foods
https://kennett.pa.us/DocumentCenter/View/1101 (Page 3-5)
http://knowthisplace.com/pa/southern-chester-pa-bk/
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Jennersville Regional Hospital
Kendal-Crosslands Communities
Longwood Gardens
Tasty Baking/Flowers Foods
The Chester County Hospital
The Tri-M Group, LLC

These organizations represent the health care, food, energy, clothing, retail, recreational, and
educational sectors. Organizations devoted to farming and mushroom production are discussed
later in this chapter.
The Route 1 Corridor Economic Development Initiative
This project is an initiative of the Chester County Economic Development Council to look at
business potential along the Route 1 corridor in partnership with Southern Chester County
Chamber of Commerce’s Government and Community Relations Committee. The goal is to
coordinate with southern Chester County municipalities, developers, landowners,
construction/engineering, and service companies to create a Route 1 Business Corridor Council
and market appropriately zoned and agreed upon properties to local, regional, and national
companies and to corporate site selectors. The general project area is from Kennett Township
to Nottingham, bounded by Route 1 to the north, East Penn Railroad to the south, and bisected
lengthwise by Baltimore Pike. Approximately three million square feet of current or planned
commercial space will be available over the next several years, excluding planned retail
development67.
Schools and Universities in Chester County and Vicinity
The area includes several large high-performing school districts:

67



Avon Grove School District



Kennett Consolidated School District



Oxford Area School District



Unionville-Chadds Ford School District

https://kennett.pa.us/DocumentCenter/View/1101 (Page 3-9)
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In addition to the districts, the area includes the Chester County Technical College High School.
The mission of the latter is, “….to provide a learning community dedicated to academic and
technical education while fostering a seamless transition to career paths and higher
education.”68 The school specializes in STEM, arts and skilled trade programs and is available
free of charge to the students who are matriculated at district schools.
The greater Philadelphia area is home to over 80 colleges and universities including the
University of Pennsylvania, Drexel University, Temple University, Villanova, Haverford,
Swarthmore and many others.
Universities in Chester County include Immaculata University, Lincoln University
(Pennsylvania), Penn State Great Valley School of Graduate Professional Studies, the
University of Valley Forge, and West Chester University.
Delaware Valley University in nearby Doylestown, PA offers programs in agriculture and
environmental science as well as specialized programs for veterans and organic farming. It
recently received a $1.5 million gift to endow a professorship in hydroponics and aquaponics
within the plant sciences division.
The Kennett Area Regional Planning Commission
The location of a municipality and its relationships with nearby communities plays an important
role in determining its character, function, and vitality. The social and economic relationships the
Kennett Area shares with its neighbors provide employment opportunities and community
facilities and services to residents that often cannot be fully accommodated within the confines
of an individual municipality.69
Established in 1988, The Kennett Area Regional Planning Commission (KARPC) consists of the
townships of Kennett, Pocopson, Pennsbury, New Garden, and Kennett Square Borough.
KARPC has undertaken many cooperative efforts over the years including a study of regional
police coverage, a regional zoning analysis, joint purchasing and manpower agreements,

68

69

http://knowthisplace.com/pa/southern-chester-pa-bk/
https://kennett.pa.us/DocumentCenter/View/1101 (Page 3-1)
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educational planning forums, and adoption of the Kennett Area Regional Comprehensive Plan
(2000). KARPC has implemented several major recommendations of the regional plan which
include adopting regionally consistent natural resource protection standards and completing a
regional transportation study.
In the next section we provide profiles of the three municipalities that sponsored this report and
the key role
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Kennett Township (PA) Profile

Description of Area
Kennett Township is in southern Chester County and encompasses approximately 15.6 miles of
land area. It borders the state of Delaware on its southern border and the townships of New
Garden, East Marlborough, and Pennsbury. The 2010 census listed 7,565 people living within
the township in 2,526 housing units70.
Kennett Township is a Pennsylvania Township governed by a three-person board of supervisors
elected to staggered six-year terms. It has a full-time township manager who is complemented
by a secretary and treasurer, administrative staff of three people, a seven officer Police
Department, and a full-time zoning officer and building inspector. The township maintains its
own maintenance garage with a full-time road master and five maintenance employees. The
township budget for 2017 was $8.2 million. Revenue is generated through a property tax, an
earned income tax, and state funds earmarked for townships71.
Suburban development has impacted the historically rural and agricultural township. This has
occurred more heavily in the northern part of the Township along the Route 1 Corridor and
around Kennett Square Borough. Central and southern portions of the Township remain largely
rural. The Township and nearby Chester County communities form the Kennett Area Region,
70
71

https://kennett.pa.us/148/About-the-Township
https://kennett.pa.us/148/About-the-Township
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and are part of the Regional Planning Commission (KARPC)72.
Figure 7.2: Kennett Township, PA

Local Economy
Kennett Township lies in a higher-income part of the County ($84,741), State ($50,398), and
nation ($51,914). With a median income of $101,446, the Township has a lower median
household income than surrounding townships, but they all have notably higher median
incomes than Chester County overall, which is among the wealthiest of counties in the nation73.
Kennett Township has a low rate of poverty (2.5 percent).

72
73

https://kennett.pa.us/DocumentCenter/View/1101 (Page 3-2)
https://kennett.pa.us/DocumentCenter/View/1101 (Page 3-17)
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The largest percentage of Township residents work in managerial, business, science, and arts
professions. This is consistent with the higher educational levels and household incomes and in
the Township. Seventy percent of the jobs in the Township are in four industry sectors.
Agricultural and health care industry sectors have provided the most jobs since 2005.
Professional/scientific/technical and the management of companies/enterprises industry sectors
have more recently become prevalent. This indicates that industries that have higher paying
positions and require a more highly skilled and educated workforce have increased in the
Township. Approximately one-quarter of the workforce in the Township are Hispanic/Latino,
which is a larger percentage than those residing in the Township; this means that a notable
number of Hispanic/Latino workers commute into Kennett Township for their jobs74.
Daily work commuting patterns show a great deal of movement into and out of the Township for
employment. The percentage of residents who work inside the Township has decreased. Most
working residents commute outside of the Township for work, many in the direction of DE or
towards the Route 202 Corridor75. More than two-thirds of individuals who work at primary jobs
(primary job refers to a worker’s main job only and does not include second jobs or other
income) in the Township come from Chester and New Castle Counties. Approximately 80
percent of primary jobholders in the Township commute less than 25 miles, with a little over half
of those workers commuting less than 10 miles76.
Demographics
Kennett Township population has continuously grown since 1930. The most dramatic increases
in population have occurred since 1990 with over 1,000 new residents each decade. This
corresponds to a time of high population growth along the Route 1 corridor. In this time, the
Township has had greater population growth (63.6 percent) than the region except for New
Garden, which more than doubled in population. Nearly all the Township’s growth can be
attributed to immigration77.

74

https://kennett.pa.us/DocumentCenter/View/1101 (Page 3-24)
https://kennett.pa.us/DocumentCenter/View/1101 (Page 3-24)
76 https://kennett.pa.us/DocumentCenter/View/1101 (Page 3-21)
77 https://kennett.pa.us/DocumentCenter/View/1101 (Page 3-13)
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The Township population is predominantly non-Latino white (84.2 percent). About 10 percent of
Township residents are Latino. Within the region, Kennett Square and New Garden have higher
proportions of Latino residents (48.8 percent and 26.4 percent, respectively)78.
Residents in the Township and surrounding area are highly educated. Approximately 63.9
percent of Township residents have college degrees or an advanced graduate or professional
degrees. This indicates a highly skilled workforce in the Township79. However, the workforce in
the Township still has a lower total overall education level as compared with Township
residents80.
The median age in the Township in 2010 was 46 years old. Age trends indicate that residents
have gotten older since 1980 (when the median age in the Township was 38 years old), as has
the County and surrounding area. An exception is Kennett Square Borough where median age
has stayed consistent, becoming younger from 2000 to 2010, due in part to affordable housing
and transportation options81.
Role played in Mushroom Farming
In the 19th century, there was a widespread and successful floral industry in the Township. It
gradually gave way to thriving greenhouse and mushroom industries. The agricultural specialty
of mushroom growing, which was to make Chester County and the Kennett area world-famous,
began in 1885 when a successful local florist, William Swayne, began growing mushrooms
under his greenhouse flower beds in Kennett Square, soon after building the first mushroom
house in the area82.
Mushroom production includes soil composting, grow houses, and in many cases, accessory
tenant housing (often in the form of mobile homes or multi-family dwellings). The mushroom
industry is an important element in and contributor to the economy in southern Chester County
as well as an important part of the history of the Kennett Region and has its own industrial land

78

https://kennett.pa.us/DocumentCenter/View/1101 (Page 3-15)
https://kennett.pa.us/DocumentCenter/View/1101 (Page 3-18)
80 https://kennett.pa.us/DocumentCenter/View/1101 (Page 3-24)
81 https://kennett.pa.us/DocumentCenter/View/1101 (Page 3-15)
82 https://kennett.pa.us/DocumentCenter/View/1101 (Page 3-3)
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use category. Mushroom production operations are largely located near the Borough, with
concentrations also located around the Rosedale area and in the southernmost tip of the
Township near Route 41. Residential and commercial development has located near mushroom
production facilities. The addition of exotic mushrooms, along with more efficient processing and
enclosed facilities, has bolstered the industry. Acreage in mushroom production is expected to
remain stable83.

83

https://kennett.pa.us/DocumentCenter/View/1088 (Page 7-4)
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New Garden (PA) Profile

Description of Area
New Garden is in Chester County’s Brandywine River Valley, and is surrounded by the
Townships of Kennett, East Marlborough, West Marlborough, London Grove, Franklin, London
Britain; and the Boroughs of Kennett Square and West Grove. The Township is strongly
influenced by Wilmington and Newark, Delaware, which are in close proximity to the Township.
Wilmington and Newark are approximately 15 miles and 10 miles from the Township,
respectively. Due to the orientation of the transportation network of the Township, such as
Route 41 and Newark Road, and analyzing resident employment trends, the Wilmington and
Newark areas affect the Township more directly than Philadelphia, which is 25 miles to the east.
New Garden is fast becoming a "bedroom" community for Wilmington and Newark84.
The regional position of New Garden presents a unique influence on the Township. The
southeastern Pennsylvania and northern Delaware area offers a mix of suburban and urban
characteristics which are evident in the development activities of the region. In reaction to an
increasing population, developing transportation networks, and a favorable financial situation,
the development of commercial, industrial, and public infrastructure networks in these areas has
stimulated development pressure in the Township. Due to these adjacent centers of

84

https://www.newgarden.org/sites/newgardenpa/files/uploads/ngt_cp_01_regional_perspective_f.pdf (Page 1-1)
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employment and commercial activity, and the expanding development of northern New Castle
County in the 1990s, the Township has seen a population increase, especially in the number of
new residents who commute to occupations within the State of Delaware85.
Figure 7.3: New Garden Township, PA

Local Economy
The residents of New Garden work in a diverse number of occupations similar to that of the
County, except for farming where 11.1 percent of the New Garden workers are concentrated,
compared to only 1.0 percent for the county. This can be attributed to the presence of the
mushroom industry and to the rural nature of much of the area. The majority of the workers of
both New Garden and Chester County tend to be concentrated within the white collar,
managerial, service, and sales occupations, when combined. Some occupations are closely

85

https://www.newgarden.org/sites/newgardenpa/files/uploads/ngt_cp_01_regional_perspective_f.pdf (Page 1-1)
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related to certain industries such as farming and machine operations, while others, such as
managerial and sales, can apply to a wide range of industries86. New Garden has a higher
poverty rate than the average for the county of 8.1 percent despite its high median household
income of $113,317. This indicates there may be pockets of lower income areas in New Garden
as a consequence of having more hourly farm workers compared with nearby townships.
Demographics
According to US Census data, New Garden has grown steadily since 1910 when it was reported
there was a population of 1,875 people. The early increases can be partially attributed to the
development of the mushroom industry in the 1920s. Current trends show that population
growth more than doubled from 1970-2000. From 1990-2000 alone, 3,653 people moved into
the Township representing an increase of 67.3 percent for the 10 year period. This increase was
due to the expansion of the Wilmington urbanized area leading to residential subdivisions that
have extended across the state line into the southern portion of the Township.87 Per the US
Census, the population of New Garden as of July 1, 2016 was 12,053 residents.88
Role played in Mushroom Farming
Throughout its nearly 300-year history, the natural resources of the area have influenced the
land use patterns in and around New Garden. Recognized early on for its fertile soils, low,
rolling hills, abundance of water and temperate climate, the area has historically been used for
agricultural purposes. As industry evolved, the area became a center for the commercial
production of flowers and nursery stock. It was this aspect that led to the establishment of the
mushroom industry in the late 1800’s, now the major agricultural use and a major agricultural
export for Pennsylvania. The mushroom industry continues to thrive despite increasing
residential development occurring throughout the region.89
While New Garden Township has experienced significant suburban development in the past
decade, it still retains a high concentration of mushroom production-related uses in its central
86

https://www.newgarden.org/sites/newgardenpa/files/uploads/ngt_cp_02_demographics_f.pdf (Page 2-11)
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and northern sections along with numerous commercial and industrial uses along Routes 1 and
4190. In addition to hosting some of the largest mushroom growers in the US, New Garden is
also one of the largest chilled food year-round distribution hubs in the county91.

90
91

https://kennett.pa.us/DocumentCenter/View/1088 (Page 7-16)
https://www.newgarden.org/sites/newgardenpa/files/news/2017_fall_newsletter-_final.pdf (Page 12)
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Kennett Square Borough (PA) Profile

Description of Area
The Borough of Kennett Square is located in south central Chester County. The Borough is the
focal point of the Kennett Region which includes the Borough and the townships of East
Marlborough, Kennett, New Garden, Pocopson, and Pennsbury. Kennett Square is
approximately one square mile in size and is surrounded by Kennett Township. Kennett
Township’s southern boundary forms the border of Chester County and the State of Delaware;
New Castle County, Delaware lies directly to the south92.
Kennett Square began as a village at the point where the major roads between Philadelphia and
Baltimore (Baltimore Pike) intersected with the major road between Lancaster and Wilmington
(Unionville Road). Kennett Square is located 10 miles northeast of Wilmington, Delaware, and
30 miles west of Philadelphia, Pennsylvania. The rolling terrain and forested landscape that
surrounds the Borough maintains the Borough’s prominence as the urban center of the Region
while the tree lined main‐street and historical neighborhoods also contribute to the Borough’s
small-town character.93

92
93

https://www.kennettsq.org/wp-content/uploads/2013/06/Ch-3-Community-Profile.pdf (Page 3-1 and 3-2)
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The Borough's land use pattern is stable and well established with a central business and
commercial core surrounded by residential neighborhoods, providing food, convenience items,
and other professional uses such as banking, legal, and social services for the surrounding
municipalities94.
Figure 7.4: Kennett Square, PA

Local Economy
The largest percentage of Kennett Square residents work in the services industry and wholesale
and retail trade, accounting for 44 percent and 14 percent of the labor force, respectively The
third largest percentage, 13 percent, is manufacturing. Agriculture is the fourth largest industry
at 10 percent, much of it related to the mushroom industry95. Although Kennett Square Borough
has the highest poverty rate (11%) in the region, it is still lower than the statewide rate of
12.9%.96 Somewhat higher poverty levels and lower median incomes in the more urbanized
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areas is typical of Chester County in comparison to its rural or suburban areas97. Boroughs were
first formed as the central market areas where famers brought their goods for sale. These small
cities atrophied during the 1970’s and 1980’s as residents moved out to more suburban and
rural areas. However, in the past 20-30 years, boroughs such as Kennett Square have
experienced resurging interest by residents and visitors for their shops, restaurants, businesses
and government offices, all easily accessible on foot or via public transport.
Demographics
With a population of 6,160, the Borough has the most concentrated population in southeastern
Chester County with roughly 4,700 people per square mile.98 99 The Borough of Kennett Square
is predominantly white or Caucasian, comprising about 66 percent of the population. A
substantial percentage of residents list themselves being of Hispanic origin. 100
Role played in Mushroom Farming
Kennett Square's founder introduced mushroom growing to the area in the 1890s as an adjunct
business for greenhouse owners who sold fresh flowers to Philadelphia. Nearby horse farms
and race tracks supplied manure for compost. Mushrooms were an attractive crop to the
thousands of Italian families who migrated to the area in the first quarter of the last century, a
population used to foraging wild mushrooms, and today many mushroom companies are owned
by second-to-fourth-generation Italians101
Because the mushroom industry is such an important part of the local economy, Kennett Square
is generally recognized as the “Mushroom Capital of the World”. To celebrate its heritage,
Kennett Square hosts its annual Mushroom Festival where the town shuts down its streets for
two days and offers a parade, tours of mushroom farms, and the opportunity to buy and sell
food and other goods. Interestingly, due to its size, Kennett Square has limited land capacity to
grow mushrooms or support cold storage. It is generally perceived as the commercial and
97

https://kennett.pa.us/DocumentCenter/View/1101 (Page 3-17)
https://www.census.gov/quickfacts/fact/table/kennettsquareboroughpennsylvania/PST045216
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historic center of the region due to the town's charm and numerous shops and restaurants.
However, the South Mill Mushroom facility in the southwestern portion of the Borough (the only
facility in the Borough) is an important part of the local economy102.

102

http://historickennettsquare.com/wp-content/uploads/2016/09/Kennett-Region-Economic-Development-StudyFinal.pdf
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Mushroom Infrastructure in Southern Chester County, PA
Overview of Infrastructure
Chester County, PA is considered the “Mushroom Capital” of the United States. The area is
home to scores of mushroom facilities, cold storage, transportation firms and the American
Mushroom Institute.
Figure 7.5: Satellite Image of Kennett Township with Some Mushroom Farms
Highlighted
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Figure 7.6: Satellite Image of Businesses near New Garden Airport

The region also has an extensive network of roads and facilities that support the transportation
of fresh food to other parts of the country, mostly through trucking. Area farms are also a key
part of the infrastructure as suppliers of the compost that is essential to the mushroom growing
process. Mushroom spawn serves to enrich the compost from which mushrooms develop into
mature plants. See Table 7.1 for a list of mushroom facilities in the area.
Mushroom System of Production
Mushroom production is part of a larger socio-technical system that includes compost from local
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farms, production facilities, cold storage and transportation.
Composting
High quality compost is a vital input to the mushroom production process. The Kennett region is
blessed with numerous farms that produce high quality compost that is managed in a central
facility as illustrated in Figure 7.7.
Figure 7.7: Mushroom Composting Facility in Kennett Area
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Mushroom Production Operations
There are several components to a mushroom production facility. The key features are:


Conveyance systems that bring compost into the facility



Grow rooms



Large-scale heating, cooling and ventilation systems



Environmental systems



Monitoring and control systems



Harvesting equipment



Packaging operations



Labor force



Management



Integration with transportation options

Figure 7.8 illustrates compost being loaded into a production facility.

PAGE | 145

Center of Excellence for Indoor Agriculture: Feasibility Study

Figure 7.8: Compost Conveyance System

The compost is then layered into multi-tier vertical grow systems as illustrated.
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Figure 7.9: Multi-tier Production System103

The compost is then finished into spawn using mycelium from which the mushrooms grow.

103

Courtesy of Pietro Industries
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Figure 7.10: Layered Spawn in Mushroom Grow System104

104

Courtesy of Pietro Industries
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Figure 7.11: Mushrooms Growing out of Layered Spawn105

105

Courtesy of Pietro Industries

PAGE | 149

Center of Excellence for Indoor Agriculture: Feasibility Study

Figure 7.12: Mushrooms Growing out of Mound Spawn106

Mushroom facilities require strict controls for temperature (air and soil), humidity, CO2 and other
106

Courtesy of Phillips Mushrooms
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factors. These functions are performed by industrial scale heat exchangers and coolers.
Figure 7.13: HVAC System in Mushroom Facility107

107

Courtesy of Pietro Industries
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Mushrooms are harvested with skilled labor and some automation. The mushrooms are then
sorted into bins for packaging as illustrated in the next figure.
Figure 7.14: Cut Mushrooms in Bins for Packaging
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Packaging, Cold Storage, and Transportation
The area has an extensive infrastructure for storing, packaging, and shipping all types of fresh
produce. Most mushroom growers have their own facilities for cold storage and packaging but a
select number of local businesses specialize in cold storage and distribution. In the image below
is an example of an operation that packages a variety of different fresh fruits and vegetables for
local farmers as well as for national distributors receiving produce from local ports. These
operators are thus “crop-agnostic” and can be adapted to serve any fresh produce operation.
Figure 7.15: Packaging Operation in Kennett108

108

Courtesy of Manfredi Cold Storage, Toughkenamon, PA
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A snapshot of one of the storage facilities is shown in Figure 7.16.
Figure 7.16: Cold Storage Facility in Kennett Area109

109

Courtesy of Manfredi Cold Storage, Toughkenamon, PA
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Figure 7.17: Packaging Operations at Local Facility110

The cold storage and packaging facilities are serviced by an extensive network of trucking
services as Illustrated in Figures 7.18-7.19.

110

Courtesy of Manfredi Cold Storage.
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Figure 7.18: Cold Storage and Packaging Operation Integrated with Trucking Bays111

111

Courtesy of Manfredi Cold Storage
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Figure 7.19: Trucking Services for Facilities in the Region112

A comprehensive list of mushroom related facilities in provided in Table 7.1.

112

Courtesy of Manfredi Cold Storage
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Table 7.1: Mushroom and Produce Facilities in the Vicinity of Chester County, PA
Name

City

American
Mushroom Institute Avondale

Street Address

1284 Gap
Newport Pike

Main Product/Service
The American Mushroom Institute (AMI) is a
national voluntary trade association
representing the growers, processors and
marketers of cultivated mushrooms in the
United States and industry suppliers
worldwide. Membership is available to any
person interested in the mushroom industry.
Categories of membership are grower,
associate, professional and retiree.

Basciani Foods

Avondale

Pack, store and ship mushrooms and fresh
produce all over the country. Full logistics,
944 Penn Green IQF freezing and processing, cold & frozen
Road
storage, and custom pack and repacking.

C & B Mushroom
Co

Avondale

119 Sharp Road

Cardile
Mushrooms, Inc

Avondale

8814 Gap
Newport Pike

C&M Mushrooms, many varieties.

Elite Mushroom Co
Avondale
Inc

1770 Baltimore
Pike

M Cutone
Mushroom Co Inc

91 Pennsylvania Producer of marinated and blanched
Avenue
mushrooms

Avondale

Mushroom Express
Avondale
Co

50 Baltimore
PIke

Remo Toto
Mushroom
Services

Avondale

1760 Baltimore
Pike

To-Jo Mushrooms

Avondale

974 Penn Green
Road

Greenwood
Mushrooms

Chadds Ford

749 Norway
Road

Caputo and Gues
Mushrooms

Kennett Square

609 Cope Road

Kennett Square

163 Bancroft
Road

Gourmet's Finest
Mushroom
Company

Kennett Square

704 Garden
Station Road &
Sullivan Road

Harvest Fresh
Mushroom Farm

Kennett Square

503 North Walnut
Road

Giorgio

Trucking company

Grower, packer, shipper of a variety of
mushrooms and fresh produce

Georgio, Pennsylvania Dutchman, and
Green Giant brands. Products include a
large variety of fresh, canned and frozen
mushrooms.
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Kaolin Mushroom
Farms

Kennett Square

649 West South
Street

Ken Mushroom
Farm

Kennett Square

7 Penn Oak Lane

Oakshire
Mushroom Farm

Kennett Square

295 Thompson
Road

Pennsylvania
Exotic Mushroom
Sales, Inc

Kennett Square

124 Old Kennett
Road

Many varieties of mushrooms. In addition,
garlic, shallots, sun dried tomatoes, kiwi,
ginger root, and assorted produce. They sell
individual packages for customers and food
service packages for industry use. They
offer full logistics, IQF freezing and
processing, thermal processing services,
frozen storage, and custom packing and
repacking.

Exclusive supplier of DOLE brand
mushrooms. Many varieties of fresh
mushrooms

Phillips Mushroom
Kennett Square
Farms

1011 Kaolin
Road

Many varieties fresh and dried mushrooms

Kennett Square

523 School
House Road

White and brown mushrooms and soil

Pietro Industries

RL Irwin Mushroom
Kennett Square
Co

They offer a wide assortment of wild and
exotic mushrooms to their customers, as
well as locally grown organic herbs and
specialty greens. Specifically, they supply
909 South Union the restaurant business in Washington,
Street
Philadelphia, NYC and NJ.

Landenberg

330 Landenberg
Road

Mother Earth LLC

Landenberg

All organic. They offer fresh, dried, and
740 Penn Green individually quick frozen white and baby
Road
bella mushrooms.

Mushroom Supply
and Services

Landenberg

729 Newark
Road

Sher-Rockee
Mushroom Farms

170 Sherrockee
Lincoln University Lane

They have a store on site and sell to
customers at wholesale prices

Mycopolitan
Mushroom
Company

Philadelphia

3651 D Street

This is an underground mushroom farm in
center city

CJ Mushroom
Company

Toughkenamon

145 Pine Street

Buona Foods

Country Fresh
Mushroom Co

Toughkenamon

289 Chambers
Road

Many varieties of mushrooms. Supplier of
GIANT food stores

Supplies, equipment and consulting
services for mushroom growers

Coop of independent mushroom growers.
They offer Pre-Packed, Bulk, Quick
Blanched, Organic and Dried Varieties of
Mushrooms.
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Toughkenamon

290 Chambers
Road

Manfredi Cold Storage, International
Repack, Manfredi Logistics Services, Inland
Transportation Corporation, and National
Refrigerated Freight.

Mushroom Central
Toughkenamon
Supply, Inc

1290 Baltimore
Pike

They provide wholesale mushroom
cultivation fertilizers, fungicides, spawn,
supplements supplies, tools and equipment.

CP Yeatman and
Sons

West Grove

600 Baker
Station Road

See Mother Earth LLC

Needhams
Mushroom Farm

West Grove

155 Valley Road

Manfredi Cold
Storage
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Support for Siting a Center of Excellence for Indoor Agriculture in the Kennett
Region
While it is outside the scope of the current study to identify a specific site in the region that
would be the future home of a COE for Indoor Agriculture, the data we obtained from the
interviews and from the survey supported the feasibility of siting the COE in the region. The
interviews provided the greatest and most detailed insights, which were substantiated by the
survey we administered. In the following section, we share the results of the survey and our
synthesis of over 35 hours of interviews with two dozen industry insiders, regional officials,
mushroom farmers, and academics.
Online Survey Results
We asked our nearly sixty respondents representing key stakeholders where the COE should
be set up in the United States. Over two-thirds (68%) of our respondents selected the
Philadelphia region, which included Chester County (PA). New York was the next most cited
area for the COE (5.4%) followed by California (3.6%). The US Northeast was cited by 7.1% of
our respondents. See Figure 7.20.
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Figure 7.20: Survey Results: “Where Should the Center of Excellence for Indoor Ag
be located in the United States?”

Location of COE
Philadelphia region including Chester County, PA
North‐East
New York
North‐West
South‐East
California
South‐West
MId‐West
0.0%

10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0%

It should be noted that, while our sample included respondents from the region (about 22%), a
majority of those polled came from other parts of the country as well as from Europe and Asia (a
profile of respondents is provided in Section 2 of this report).
Framework for Siting the COE
Based on our research we developed a framework for siting a COE. The framework is the
result of our analysis of over 35 hours of interviews, the survey results, and our analysis of
COE’s in general in a previous chapter. We have included several dimensions of value in the
framework as illustrated in Figure 7.21.
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Figure 7.21: Criteria for Siting a COE

Existing
infrastructure for
packaging,
distribution

Existing Indoor Ag
industry and
potential for growth
and diversification

Transportation
network and
proximity to rail and
ports

Fit in terms of
culture, history of
area

Local and state
government and
community support

Greentech
workforce

Local universities
and schools

Proximity to
consumer markets

Availability of land,
IP, capital and other
resources

We then applied this framework to the Kennett region. Our analysis appears in the following
table, Table 7.2.
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Table 7.2: Analysis of Kennett Area as Site for the COE
Criteria
Existing infrastructure for
packaging, distribution
Existing Indoor Ag industry
and potential for growth and
diversification
Transportation network and
proximity to rail and ports
Fit in terms of culture,
history of area
Local and state government
support

Greentech workforce
Local universities and
schools

Proximity to consumer
markets
Availability of land, IP,
capital and other resources

Evaluation of Kennett Area
Has extensive “crop-agnostic” infrastructure for cold storage,
packaging, and distribution
One-hundred-year-old industry. Grows half of the US
production of mushrooms indoors. Growers interested in
ways to diversify and benefit from higher margin crops.
Outside investors interested in area to site indoor agriculture
facilities.
Extensive network work of roads and rail in area. Close
proximity to major ports including Wilmington, Philadelphia
and Baltimore. Proximate to international airports in
Philadelphia and Baltimore.
Indoor farming has been a mainstay of southern Chester
County for over 100 years. Strong agricultural roots.
Local governments such as Kennett Township, Kennett
Square, and New Garden have taken the lead in exploring
the COE and the potential for diversification of the
mushroom industry. Support from the PA Department of
Agriculture.
Indoor farming combines agriculture and technology. Region
boasts strong presence in technology as well as agriculture,
evidenced by school programs and jobs.
Greater Philadelphia area boasts one of the highest
concentrations of colleges and universities in the country.
There is also a strong presence of land grant institutions
such as Penn State, universities with strong agriculture
programs such as the University of Delaware, and schools
that specialize in farming such as DelVall University.
Products from Kennett region can reach a consumer market
of over 250 million people within a 24-hour trucking radius.
Ample amounts of land in region for the COE. Strong
investor community in area, including Philadelphia and New
York. Expertise in indoor farming available tri-state region.

Taken together, the Kennett region scores high on all aspects of our criteria and we are hardpressed to identify another region of the country that meets so many criteria. A few
observations are in order:


As a consequence of this study and our presentations at indoor agriculture conferences,
there has been increasing interest by investors and indoor agriculture growers in siting
demonstration or production facilities in the Kennett region. Letters of support appear in
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the Appendix.


The PA Department of Agriculture is very interested both in the Center of Excellence and
in attracting indoor farms to the region.



Numerous locations exist in Southern Chester Country as potential locations for the
Center of Excellence.
•

For example, several sites in Kennett Township are being considered for
economic development: Millers Hill, Ways Lane, Birch Street, State Street,
Cypress Street, Mill Road / NVF according to a recent economic development
study of the region.113 The New Garden airport complex is another area
slated for development. One or more of these locations could be a potential
site for the COE depending on its size and design (see next section of
report). For example, a simple storefront in Kennett Square would be
sufficient for a very small operation, whereas a COE with test and
demonstration facilities would require much more land in an appropriately
zoned area.



Local government, esp. Kennett Township, has taken the lead in support of agricultural
innovation and sustainable business development, which should serve as a model for
other municipalities.



Building indoor production facilities without packaging and distribution is a huge mistake
for any emerging indoor farm. The region’s crop-agnostic infrastructure provides a “plug
and play” environment for start-ups.



There are synergies between the proposed COE and future indoor farm facilities that
may be built in the region. Siting the COE in a region that already supports indoor
farming and is seeking diversification is a huge win-win.

Summary of Regional Assessment
Any region that wants to host a CEO for Indoor Agriculture must meet certain criteria to be
effective. Our analysis shows that the Kennett region meets that challenge head on. This

113 Kennett Region Economic Development Study Kennett Square and Kennett Township, Pennsylvania September
15, 2016
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conclusion is further strengthened by the fact that over two-thirds of our 60 respondents from all
parts of the county agree (see Figure 7.20).
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SECTION 8. COE ORGANIZATIONAL FEASIBILITY AND PRELIMINARY
DESIGN CONSIDERATIONS
This study is situated in the context of a set of projects leading to the goal of actualizing a
Center of Excellence for Indoor Agriculture as indicated in Figure 8.1.
Figure 8.1: Scope of Current Project Relative to Other Components

Project
Identification
Project
Preparation
Project Design
Project
Execution
Project
Sustainability

• Pre-Feasibility, Planning of COE

• Feasibility Study of COE

• Design of COE

• Construction of COE

• On-going Management of COE

While full design of the COE is outside the scope of the current study, we thought it appropriate
to sketch out the outlines of what a Center of Excellence for Indoor Agriculture might look like
from an organizational perspective as a bridge to the next phase of the project; i.e., the design
phase.
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In this section we address the questions: What would a Center of Excellence for Indoor
Agriculture look like from an organizational perspective? How feasible are the expected
characteristics of the COE?
Among the questions we asked respondents regarding the organizational design of the Center
of Excellence included but were not limited to the following:


Primary functions of COE



Key services of COE



Location of the COE



Key clients of the COE



Structure of the COE



Revenue sources of the COE



Facilities and technologies of the COE



Expected budget of the COE



Potential partners of the COE

The preliminary answers we received are instructive in painting a picture of a full functioning
COE. The data we received are also consistent with the model we proposed earlier in the study.
We will discuss each design element in turn.

PAGE | 168

Center of Excellence for Indoor Agriculture: Feasibility Study

Functions of the COE
We asked our respondents what the functions of the COE should be and received these results
as indicated below.
Figure 8.2: Survey Results: “Please rate the IMPORTANCE of each the following
potential FUNCTIONS of a Center of Excellence for Indoor Ag.” (5=high; 1=low)

Functions of the COE
Provide workforce training and development in Indoor Ag
Conduct applied research in Indoor Ag
Offer services to the Indoor Ag industry
Promote economic development for the region in which it
is located
Conduct pure research in Indoor Ag
Policy development for Indoor Ag
Offer degrees and certifications in Indoor Ag
Offer services for consumers
2

2.5

3

3.5

4

4.5

The most cited function was workforce training and development (#1), followed by conducting
applied research (#2) and offering services to the indoor agriculture industry (#3). Promoting
economic development for the region (#4) was also frequently cited. Conducting pure research
(#5) was indicated as an important function for the COE along with advocacy and the creation of
policies. Degrees and certifications were also noted. Of lesser importance was offering services
for consumers (#8).
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The “other” category provided several additional ideas for the functions of the CEO:


Collaboration with farms on research



Utilize existing infra-structure



Develop promotional materials



Convening policy makers, practitioners, economic development groups



Publish best practices



Demonstrate energy efficiency and resiliency



Veteran training



Network with other R&D Centers



Host events



Develop multi-state, international collaborations and programs on research, education
and outreach



Technology development and transfer

To summarize. The functions of the COE cluster around education and training, research (both
pure and applied), economic development, advocacy, and services to the indoor agriculture
industry.
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Key Services of the COE
We asked our respondents what services of the COE should provide and received these results
as indicated in Figure 8.3.
Figure 8.3: Survey Results: “Please rate the IMPORTANCE of each the following
potential SERVICES that a Center of Excellence for Indoor Ag would provide.” (5=high;
1=low)

Services of the COE
Share best practices
Promote the Indoor Ag industry
Be an advocate for Indoor Ag
Serve as knowledge base for Indoor Ag
Provide workforce training in indoor agriculture
Distribute knowledge about indoor ag
Provide a place for research collaboration on Indoor Ag
Test new methods and technologies
Conduct Research and Development (R&D)
Develop standards and metrics
Run research trials
Management and licensing of Intellectual property (IP)…
2

2.5

3

3.5

4

4.5

5

Not surprisingly, the sharing of best practices (#1) and serving as a knowledge base (#4) were
cited as the most important services that the COE could provide. This result is in line with the
knowledge management function of most COE’s as noted earlier in this report. The second and
third most highly ranked services include promotion and advocacy for the industry. Educational
services included workforce training (#6), distributing knowledge (#7), research collaboration
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(#8), conducting R&D (#10), and running research trials (#12). Finally, respondents viewed
testing, metrics and the development of standards to important services that the COE could
provide.

Location of the COE
As we reported earlier in the report, over two-thirds of our respondents believe the COE should
be located in PA. See Figure 8.4 below.
Figure 8.4: Survey Results: ”Where should the Center of Excellence for Indoor Ag be
located in the United States?”

Location of COE
Philadelphia region including Chester County, PA

North‐East

New York

North‐West

South‐East

California

South‐West

MId‐West
0%

10%

20%

30%

40%

50%

60%

70%

80%
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Key Clients of the COE
We asked our respondents who the key clients of the COE should be and received the results
reported in Figure 8.5.
Figure 8.5: Survey Results: “Please rate the IMPORTANCE of each the following
potential CLIENTS of the Center of Excellence for Indoor Ag.” (5=high; 1=low)

Clients of the COE
CEA_Farms
Local Community
Universities
CEA_Services Providers
CEA_Investors
CEA‐Solutions Providers
CEA_NonProfit
CEA_Equipment Suppliers
Mushroom Farmers
CEA_Associations
Food Retailers
Food Distributors
County Government
Local Government
State Government
Secondary Schools
Federal Government
2

2.5

3

3.5

4

4.5

Topping the list are the indoor farms themselves, which would benefit most from the sharing of
best practices and innovative technologies. The local community would benefit from the policy
development and sustainable economic functions provided by the COE. Universities are also
seen as client for the center, esp. if the COE is built with sufficient scale to conduct research
studies and trials. Indoor farm service providers and suppliers would also benefit from the COE
in that they could demo their solutions to farmers. Other potential clients are listed in
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descending order.

Structure of the COE
We asked our respondents what how the COE should be structured and received these results
as indicated in Figure 8.6.
Figure 8.6: Survey Results: “Should the Center of Excellence for Indoor Agriculture be
public, private or a public-private partnership?”

Structure of the COE
Public
5%
Private NON
Profit
28%
Private FOR
Profit
2%

Public

Public‐Private Partnership

Public‐Private
Partnership
65%

Private FOR Profit

Private NON Profit

Our respondents overwhelming thought it should be a pubic-private partnership (65%). This
result is consistent with the information gleaned from our interviews. Few thought it was within
the purview of government alone to be an advocate for a particular industry. On the other hand,
a fully private entity might not want to share its knowledge freely with the rest of the industry due
to intellectual property restrictions and the generation of other proprietary knowledge. It was
believed that a public-private entity would provide a balance between public access to
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knowledge while offering the advantages of private enterprise in terms of efficiency and
effectiveness. Over 25% thought the COE could function as a non-profit organization, although
that also has pros and cons. The pros are access to foundation money and grants. The cons
are that most non-profits are locked into an endless cycle of fund-raising that could diminish the
impacts of the COE. A public-private partnership, while more difficult to set up and coordinate,
can in principal offer the best of both worlds.
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Revenue Sources for the COE
We asked our respondents what how the COE should generate revenues and received the
results as indicated in Figure 8.7.
Figure 8.7: Survey Results: “Please rate the IMPORTANCE of each of the following
potential REVENUE sources that would be appropriate for the Center of Excellence for
Indoor Ag” (5=high; 1=low)

COE Sources of Revenue
Grants
Contracted research
Sponsorship fees
Consulting fees
In‐kind; e.g., equipment, services, etc.
Feasibility study fees
Membership fees
Business planning fees
Event fees
Tuition fees
Room and bench fees
Other Revenue Sources
Subscription fees for newsletters and journals
Tour fees
2

2.5

3

3.5

4

4.5

Our respondents see grants as a means to fund the COE, especially in the early start-up phase.
Contracted research was the next most cited means of support. This source of income would be
dependent on the start-up capital required by the COE in order to set up labs and test sites.
Sponsorship and consulting fees would also be significant sources of income once the COE is
up and running. Other sources of revenue are listed in descending order.
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COE Facilities and Technologies
We asked our respondents to rank the technologies and facilities to the proposed COE and
received the results indicated in Figure 8.8.
Figure 8.8: Survey Results: “Please rate the IMPORTANCE of each the following
TECHNOLOGIES or FACILITIES needed to set up the Center.” (5=high; 1=low)

COE Facilities and Technologies
Facilities for testing and trials

Labs

Work spaces

Collaboration spaces

Auditorium

Conference rooms

Teleconferencing rooms
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

We are not surprised that the two top ranked facility needs are facilities for testing and trials (#1)
and labs (#2). These features were also frequently mentioned in our interviews as important to
the proposed COE. This is consistent with the idea that the COE would be a place to generate
new knowledge through experimentation and R&D. The remaining features of the COE all
support the functions of education, learning and collaboration.
Other facilities mentioned by our respondents include greenhouses, classrooms, software for
training, and housing for students, academics, industry partners and other visitors.
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Size of Budget of COE
We asked our respondents to estimate the size of the COE budget within 5 years and received
the results indicated in Figure 8.9.
Figure 8.9: Survey Results: “How big should the Center be WITHIN 5 YEARS in terms of
ANNUAL US $ BUDGET?”

Annual Budget of the COE in 5 Years
MORE THAN $5 MILLION
$3‐4 MILLION
$1‐2 MILLION
$500K‐1000K
$250K‐500K
$100K‐250K
$50‐100K
0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

These results suggest that the COE is expected to be a multi-million dollar enterprise. It would
not therefore be a small 1-2 person office in the long run. The data suggests a center with a
sizable physical footprint with facilities for testing, R&D, and collaboration. Many of our
interviewees also said that they expected the center to start small and develop over time.
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Potential Partners of the COE
We asked our respondents which countries (or regions) might the COE look to for partners and
received the results indicated in Figure 8.10.
Figure 8.10: Survey Results: “What COUNTRIES or regions might the Center look to for
PARTNERS? (Select all that apply)”

Potential Partners of the COE
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
The Netherlands

Japan

China

Australia

Other

Spain

The most cited country was the Netherlands (69%) followed by Japan (56%), China (42%),
Australia (37%) and Spain (21%). Other countries (or regions) also mentioned included Canada,
Belgium, Korea, Dubai, Singapore, Africa and the U.K. These results are consistent with our
interviews and published sources on global indoor agriculture activities.
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Summary of the Design Parameters of a Proposed COE
Based on the preferences expressed in the survey and through the interviews, we present one
potential vision of the proposed COE. These design considerations are summarized in Table
8.1.
Table 8.1: Summary of Potential Design Parameters Based on Survey and Interviews

Design Parameters of COE
Functions

Services

Location
Clients

Structure
Revenue Sources

Facilities and Technology

Budget
Potential Partners


























Top Value(s)
Workforce training
Applied research
Services to Indoor Ag industry
Lead regional economic development
Best practices
Leadership and advocacy
Knowledge base for indoor agriculture
Philadelphia region including Chester County
(Mushroom Capital)
Indoor farms
Local community
Universities
CEA suppliers, service companies and investors
Public Private partnership
Grants
Contracted research
Sponsorship fees
Testing
Labs
Workspaces
$1-2 million
Netherlands
Japan
China
Canada

Table 8.1 presents just one vision for the COE (see also Figure 8.11). A full analysis of each
design parameter would need to be tested and evaluated in a follow-on design study.

PAGE | 180

Center of Excellence for Indoor Agriculture: Feasibility Study

Figure 8.11: Potential Vision for the COE

Workforce
Training

Knowledge
Mgt

Applied
Research

COE
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Best
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SECTION 9. COE OVERALL PROJECT FEASIBILITY AND RCB
ANALYSIS
In this section we analyze the overall feasibility of the project in terms of its risks, costs and
benefits. We begin by introducing a Risk-Cost-Benefit to assess feasibility. We then examine
the results of our survey of the attitudes of our respondents regarding the COE; i.e., to what
degree do they think this is the right project at the right time.

Risk-Cost-Benefit (RCB) Analysis of the Project
Every project is subject to risks and costs that accompany the expected benefits; i.e., the fate of
any project is a function of whether the benefits provided outweigh the costs and the expected
risks. These relationships are illustrated below in Figure 9.1.
Figure 9.1: Risk-Cost-Benefit Model

Risk
Cost

Benefit
Project
Feasibility

Risk
Risk is defined as the probability that some action or event will result in negative outcomes; i.e.,
failure to meet expectations, injury or harm to others, etc. Outcomes are typically ranked in
terms of impact.
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In a project management context, internal risks pertain to the successful completion of the
project itself; i.e., the completion of the COE. External risks on the other hand pertain to the
impact the project is likely to have on other stakeholders and organizations. Another important
distinction is between perceived risk and actual risk. Actual risk is based on mathematical
calculations of the probability of the likelihood of an event whereas perceived risk is based on a
person’s beliefs. All forms of risk need to be addressed in any project.
Costs
Costs for any project include start-up costs (e.g., capital costs, land, buildings, permits, labor,
etc.) and operating costs (e.g., utilities, labor, depreciation, etc.).
Benefits
Benefits include both tangible and intangible benefits. Tangible benefits are easily converted
into monetary value. Intangible benefits include qualitative measures such as “satisfaction” or
“reputation.” These kinds of benefits can be assess using rank-order techniques.
In the following sections, we examine the RCB’s associated with the design and implementation
of a Center of Excellence for Indoor Agriculture.

+

‐
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Benefits of the COE Project
We asked our survey respondents to respond to four statements regarding the development of
a Center of Excellence for Indoor Agriculture. The results are shown in Figure 9.2.
Figure 9.2: Survey Results: COE Attitudes Assessment (5=strongly agree)

Attitudes Toward the COE
The TIMING is right for a Center of Excellence for
Indoor Ag

A Center of Excellence for Indoor Ag will result in
benefits to the local COMMUNITY

Developing a Center of Excellence for Indoor Ag is
FEASIBLE

There is a recognized need for a Center of
Excellence for Indoor Ag in the INDUSTRY
2

2.5

3

3.5

4

4.5

5

As can be seen, respondents see this an ideal time (nearly 4.5) to set up a CEO for indoor
farming. Most agree that there is a recognized need for a COE (4.2) and that it will benefit the
local community (4.4) as well as industry. Finally, most agree (4.3) that the project to set up a
COE is feasible. These results are consistent with the information we received from our
interviewees.
Benefits of the COE to the Community and to Industry
Almost all our interviewees agreed that the timing is excellent for a project of this type. From
the perspective of Kennett, this project dovetails with other initiatives such as the Route 1
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Corridor Initiative, the needs of the mushroom industry in terms of product diversification and
the sharing of best practices and research, which the COE could facilitate. The COE would
attract investment to the region, clean-tech jobs, land development and assist the mushroom
industry in diversification and innovation.
For the indoor agriculture industry, the timing of the COE is excellent given the relative
immaturity of the industry and the opportunity to share best practices and to promote standards
and metrics.
We also learned that some think the COE could provide an opportunity for collaboration among
universities and other research groups. Agricultural Science in general has moved in this
direction; i.e., multiple institutions collaborate on the joint funding and staffing of research
projects too large for one institution alone. The COE could be instrumental in building these
collaborations.
Taken one step further, every industry needs a “home cluster” similar to what developed in CA
to form Silicon Valley. No such cluster exists for indoor agriculture in the U.S. Kennett in
particular already has a network of production facilities, packaging, cold storage and distribution
hubs, and transportation lines. Just as important, mushroom growers have relationships with
markets and distributors around the country. A COE could help develop this cluster for the
industry and serve as its hub.
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Actual and Perceived Risks Associated with the COE Project
We asked our respondents to identify the legal and risk factors that might impact the
development of the COE and received the results indicated below in Figure 9.3.
Figure 9.3: Survey Results: “Are there any LEGAL or RISK factors that would facilitate or
impede the development of a Center of Excellence for Indoor Ag? (Select all that apply)”

COE Risk and Legal Factors
Intellectual Property (IP) issues

Regulations

Zoning

Competition with other centers

Other factors
0%

10%

20%

30%

40%

50%

60%

70%

Internal COE Project Risks
The first three risks identified by our respondents are internal risks and include IP issues,
regulations and zoning. These are risks that could delay or prevent the COE from being built, as
well as hamper its operations.
Intellectual Property (IP). COE’s are typically seen as knowledge repositories. They generate
their own knowledge through testing and evaluation and they rely on the knowledge shared by
member institutions and individuals. Intellectual property management and assignment must
therefore be a significant function within the COE to prevent legal entanglements and to ensure
proper attribution.
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Regulations and Zoning. We see these as going hand in hand. The COE will be built to reflect
any one of a number of designs. In its simplest form, it may emerge as a simple storefront or
office space. More ambitious designs for the COE include test facilities, research labs, and
prototype greenhouses and vertical farms. The latter will require more extensive permitting and
zoning relief. Requirements for water and electricity will be more complicated. Waste
management may also be subject to environmental regulations. Any one of these factors could
delay implementation of the COE but are not likely to derail it. See Table 9.1.
Table 9.1: Internal Risks of COE Project
Risk

Probability

Impact

Intellectual
Property

Medium

Medium

Actual vs.
Perceived
Actual

Regulations
and Zoning

Medium-High

Low to medium

Actual

Risk
Management
Develop IP
management
process
Plan for risk

External Risks Posed by the COE
We divided external risks into (i) negative impacts on the community; (ii) negative impacts on
the industry; and (iii) negative impacts on other stakeholder groups.
Impacts on the Industry. All the data we collected indicated that the COE would be beneficial to
the industry and no actual or perceived risks were shared with us by our respondents.
Other Impacts. One concern emerging from the survey was competition with other centers.
While over 30% of our survey respondents voiced this concern, we have no other data to
support this finding. Most of our respondents agreed that a COE is needed and that there is
sufficient interest in the industry that all would benefit. We can see the potential for competition
among similar institutions for grants and other pools of money in 3-5 years, but we believe this
to be a low probability event.
Community Impact. Our interviews revealed almost no risks were posed by situating the center
in the region such as Kennett. In fact, most of the data collected reinforced the benefits of the
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center rather than the risks posed. See Table 9.2.
Table 9.2: Actual and Perceived External Risks of COE Project
Risk
COE Direct
Risks to
Community
COE Risks to
Industry
COE Risks to
Other
Stakeholders
 Competing
Institutions

Probability

Negative
Impact
Very low

Actual vs.
Perceived
Actual

none

Positive
Impact

Actual

All data point to benefits
rather than risks of COE to
industry

Low

Low

Perceived

No data found that COE
would harm other institutions.
Slight potential for
competition for money.

Very low

Risk Management
Effective communications on
role of COE

The only potential significant risks shared with us were as a consequence of the future success
of the COE. The concern was that if the COE was successful in attracting indoor production
facilities to an area, there would be several actual and perceived negative impacts as illustrated
in the table below. Cannabis cultivation is a special case. Facilities that might be set up to grow
Cannabis would pose financial and legal risks until federal laws are amended.
It should be noted that many of the concerns expressed were perceived rather than actual risks
but will still need to be managed through effective communications and outreach. We have
provided additional ideas on effective risk management strategies for all risks identified. See
Table 9.3.
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Table 9.3: Actual and Perceived Risks of Indoor Agriculture Facilities
Risk

Probability

Negative
Impact

Actual vs.
Perceived

COE Indirect Impact:
Indoor farm facilities
resulting from COE
success
 Increased traffic and
congestion

LowMedium

Low to
Medium

Actual



Increased water
usage compared to
field farms

none

Low

Perceived



Higher electrical
usage than other
industrial sites

Low

LowMedium

Perceived



Increased odiferous
waste

Very low

Medium

Perceived



Cannibalization of
unskilled labor from
the mushroom
industry
Light pollution

Low

High

Perceived

Low

LowMedium

Perceived

Competition for
limited cold storage
space
Legal risks of
facilities growing
Cannabis

LowMedium

Medium

Actual

Medium

High

Actual






Risk Management

Plan for traffic mgt and
sustainable
development
Indoor farms use 90%
less water than field
farms. Effective
communications
Comparable or lower
than other industrial
operations. Effective
communications
Indoor farms producing
greens emit relatively
clean waste. Effective
communications
Indoor farms use mostly
skilled vs. unskilled
labor. Effective
communications
Most indoor farms keep
light inside. Effective
communications.
Control through
permitting.
Plan for expanded
capacity
Risk is real until federal
laws changed

External Risk Summary. The COE has very few risks associated with it. Our respondents cited
risks primarily associated with indoor agriculture facilities and not the COE. This is a separate
issue that needs to be addressed in another context outside of the scope of the current study.
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Costs and Resource Requirements for the COE
While it is outside the score of the current study to quantify the costs to start and operate a
COE,114 we wanted to know if any costs posed fundamental limitations to the completion of the
project. The magnitude of these costs are of course dependent on the design of the center as
noted in Figure 9.4. For instance, some of our interviewees viewed the development of the
center as a boot-strapping operation; i.e., the center would start small (e.g., 1-2 people) and
scale as its need and functions scaled. Others favored an approach of having immediate
impact. In this case, funding for the center would be front-loaded.
Figure 9.4: COE Design Related Cost Dependencies

Small office space


Mid-sized facility with:

Large facility with:

Simple office space



workspaces



all of the preceding +

for 1-2 people



collaboration spaces



labs



conference rooms



facilities for testing



teleconferencing



auditorium

rooms



residence facilities

Budget Range for COE

$50‐
100K

114

$100K‐
250K

$250K‐
500K

$500K‐
1000K

$1‐2
MILLION

$3‐4
MILLION

MORE
THAN $5
MILLION

That work would be part of a design study and an implementation study.
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In the absence of a design study, it is out of the scope of this feasibility study to assess the
costs associated with the COE. That said, we can share some of the input we received on the
availability of land, capital and labor for the development of the COE.
Availability of Land for the COE (in the Kennett Region)
Most respondents did not see land acquisition as an issue for the COE. With its compact and
dense downtown populated with numerous stores, offices and government buildings, Kennett
Square would be an ideal place to site a small office dedicated to the COE if that was the
chosen design. Kennett Township offers much larger tracks of land that are ripe for
development115 as noted in a previous chapter of this report including but not limited to: Millers
Hill, Ways Lane, Birch Street, State Street, Cypress Street, Mill Road/NVF. The New Garden
airport complex is another area for potential siting. It may also be possible to co-locate the COE
on the site of an existing mushroom farm seeking to support the initiative. The Chester County
Economic Development Council (CCEDC) was set up in part to assist with land acquisition in
the region for commercial and industrial purposes and would be a resource for this purpose.
Availability of Capital for the COE
Almost all of our respondents agreed that obtaining capital from public and private sources for
the COE would not be an issue. Indoor agriculture is a hot area of venture capital investment
activity with nearly half a billion dollars invested in the past several years (see also Section 4).
This is unlikely to change and in fact may accelerate.
There is also support for these initiatives at the local, state and federal government levels. Cities
like Philadelphia are looking at the potential for indoor agriculture and are considering
mechanisms for funding these activities. Major Kenney of Philadelphia recently spoke to this
issue at Indoor Ag-Con held in Philadelphia in October 2017. Secretary of Agriculture Russell
Redding of the PA Department of Agriculture also expressed support for indoor farming at the
same conference along with Harold Epps, Director of Commerce for the City of Philadelphia.
The USDA currently funds projects for indoor farming, esp. if coupled with energy efficiency and
115 Kennett Region Economic Development Study Kennett Square and Kennett Township, Pennsylvania September
15, 2016
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renewable energy programs. State funding mechanisms also exist to fund initiatives related to
indoor agriculture. For instance, Gotham Greens, a rooftop farm located on a warehouse in
Brooklyn, NY was started with a grant from NYSERDA, the New York State Energy Research
and Development Authority. In Pennsylvania, the Ben Franklin Technology Partnership funds
innovative tech-driven projects. Support for the COE is further evidenced by the fact that this
study was sponsored by three local municipalities that believe in the potential benefits accruing
from the formation of the COE.
Availability of Knowledge Workers for the COE
Our respondents did not think labor would be a problem for the COE. The COE, if situated in the
Kennett region, would have no shortage of talent to choose from. The COE would be able to
select graduates from the over 80 colleges and universities in the area including the University
of Pennsylvania, Drexel, Swarthmore, Penn State, the University of Delaware, DelVal University
and many others. Leadership would come from the organizations representing the area’s
strengths in business, education, health care, public policy, foundations and technology.
The primary labor concern identified in our research for the entire industry (and not the COE)
was that there was a gap between traditional horticultural and ag-science programs and the
specialized needs of the indoor agriculture industry. One of the few exceptions is the Controlled
Environment Agriculture program at the University of Arizona. Part of the COE’s mission would
be to help fill this gap.

Summary of RCB Analysis
Our overall assessment of this project in terms of RCB is that the benefits clearly outweigh the
risks and the costs. Many of the perceived risks are as a consequence of the success in
bringing indoor farming to the region and not due to the COE itself. The costs are not a barrier
to development, esp. if the effort starts in a bootstrapping mode.
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SECTION 10. FINDINGS AND CONCLUSIONS
Our overall assessment of this project is that is feasible. The benefits clearly outweigh the risks
and the costs. Here is our final project scorecard in Figure 10.1.
Figure 10.1: Project Scorecard of COE

Trends Supporting
Indoor Ag Feasibility

• Strong Support

Economic Feasibility
of Indoor Farms

• Supported. Will improve over time.

Feasibility of Centers
• Strong Support
of Excellence
Market and Industry
Analysis

• Supported

Regional Feasibility

• Strong Support

COE Organizational
Design Feasbility

• Strong Support

RCB Analysis

• Benefits strongly outweigh risks and costs

We strongly recommend that the Kennett region actively work to position itself as an ideal
location for the Center of Excellence for Indoor Agriculture. We believe it will benefit the

PAGE | 193

Center of Excellence for Indoor Agriculture: Feasibility Study

community in terms of jobs, sustainable development and new business investment. We
believe it will have positive impacts on the mushroom industry in terms of bringing applied
research, operations innovation and diversification of crops to help this one-hundred-year-old
industry continue to thrive. We also believe the COE will help the relatively new business of
indoor farming to grow and to mature.
We envision indoor farming to be responsible for the supply of 20-30% of certain types of fresh
vegetables to the U.S. in the next five years. We also see indoor farming as a means of
potentially addressing a number of urban challenges such as jobs, food deserts, and repurposing abandoned buildings and lots.
Open field farming is already reaching its limits as evidenced by the over-use of pesticides, food
contamination and nitrogen loading of waterways despite advances in plant genetics and
harvesting methods. The increased severity and frequency of droughts and floods resulting in
price spikes and shortages are already significant. Growing indoors under controlled conditions
is a logical solution to many of these problems. The promise of safe, clean, pesticide-free
produce grown locally indoors is soon to become the new reality.
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SECTION 11. RECOMMENDATIONS AND NEXT STEPS
Once the completed Feasibility Study is presented to the public (and even before), sponsors
should discuss the report and agree on next steps to ensure a smooth transition.116 We have
broken our recommendations into activities related to (i) communications regarding the COE
and; (ii) activities related to the design and implementation of the COE; and (ii) activities for
sustainable economic development of the region that synergize with the COE. The next steps
are illustrated in Figure 11.1
Figure 11.1: Next Steps for COE Project

116

Next steps would be out of scope of the feasibility study and part of a new project.
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COE Feasibility Study Communications Strategy
The core aspects of a recommended external communication strategy are outlined below. The
rationale is that once the study is finalized, related communications should reference the study
and what the sponsors intend to do with it (e.g., launch the Design Phase of the COE, invite
industry partners to set up prototype demonstration sites, etc.). Please note that specific
activities, resources for marketing, and timeframe must be agreed upon and funded by project
sponsors:


Objective – to create awareness and engagement around the feasibility study and next
steps;



Audiences – identify key stakeholders for the next step of the project; e.g. those
interested or impacted by study results such as influencers and multipliers (e.g. press,
investors, policy makers, politicians, associations, etc.)



Messages – decide on messages to be communicated



PR: draft press releases that includes all core messaging



Tools and activities - TBD with project sponsors



Resources – TBD with project sponsors



Timeframe – TBD with project sponsors



Evaluation and amendment – present draft strategy to internal review group and amend
as needed.

A potential approach to external outreach would be to phase it such that the audience scope
increases:


Phase I: Limited Scope
•



Present results to small test-group of stakeholders (for testing, evaluation and
amendment)
Phase II: Expanded Scope
(specific activities, timeframe, resources, to be agreed by sponsors)
•
Media: local, national, international; print, broadcast, web, social, PR
•
Lobbying: local and national government, funding bodies, special interest
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•
•

groups
Marketing: branding, website development, advertising, brochures, fliers,
video, etc.
Events: conferences, launch events, public speeches, etc.

COE Design and Implementation Strategy
In addition to publicizing the feasibility report itself, sponsors need to agree on what they intend
to do with the results relative to the design and implementation of the COE. For example, the
report may be used for the following purposes:


Initiate a Design Study of the COE



Attract COE sponsors and investors



Prepare for COE project implementation



Identify federal, state, local, and private grants and other sources of funds for the COE

Economic Development Strategy
Finally, there will be activities related to general economic development that dovetail with the
design and implementation of the COE. For example, sponsors may wish to take steps to
incentivize indoor farm ventures to site facilities in the region. Having one or more indoor farms
in the region will create synergies between the industry and the COE, thus accelerating the
development of both.


Engage with potential investors and industry partners for demo sites, prototype
development, etc.



Attract companies interested in building full-scale indoor farming facilities



Attract investors to the region for other projects and initiatives related to indoor farming



Match potential partners with mushroom farmers and other related companies



Brainstorm other activities related to facilitating the development and diversification of
indoor agriculture in the region.
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APPENDICES
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APPENDIX 1: BARISOFT CONSULTING GROUP OVERVIEW

This feasibility study was conducted by the Barisoft Consulting Group located in Media, PA.
Eric W. Stein, Ph.D. was the Principal Investigator (PI) of the project and CEO of the company.
Dr. Stein has served as a business consultant for over twenty years to public and private
organizations. Dr. Stein has a Ph.D. from the Wharton School of the University of Pennsylvania
and has been a faculty member of the Penn State Great Valley School of Graduate and
Professional Programs in Malvern, PA for over twenty years. He served as the director of the
New Ventures and Entrepreneurial Studies program at the school. He runs his own
management consulting firm, Barisoft LLC and has direct experience running a small-scale
hydroponic indoor farm (e3garden) in Media, PA. Dr. Stein is a graduate of Amherst College
and the University of Pennsylvania’s Wharton School.
Anne H. Stein, wife of Eric Stein, is a graduate of Duke University and works for BCG. In
addition to her degree from Duke, she is a certified Project Management Professional (PMP)
and has a certificate in Digital Marketing offered jointly by Columbia University and the Emeritus
Institute of Management.
Contact:
Email: estein@ericwstein.com
Phone: 484-727-8874
Web: ericwstein.com
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APPENDIX 2: LETTERS OF SUPPORT
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COMMITTEES

9TH SENATORIAL DISTRICT

STATE SENATOR

TOM KILLION

STATE GOVERNMENT, VICE CHAIR

SENATE BOx 203009
HARRISSURS. PA 17120-3009
717-707-4712
FAX 717-783-7490
TOLL FREE I .888-9TH-fIST

BANKING B INSURANCE

APPROPRIATIONS

COMMUNICATIONS & TECHNOLOBY
CONSUMER PROTECTION &
PROFESSIONAL LICENSURE
URBAN AFFAIRS & HOUSING

4110 ECOMONT AVENUE
BROOKHAVEN, PA 19015
610-447-3 ‘83
FAX 510-4475B46
780E. MARKET 5TNEET, SUITE 140
WEST CHESTER, PA 19380
610-436-3320
FAX 610.836-6983

MAJORITY POLICY

senatorki Ilion .Com
ikillion@pasen go V

‘rnatr nf Vrnungluaniu

May 14, 2018
Lisa Moore, Township Manager
Kennett Township
801 Burrows Run Road
Chadds Ford, PA 19371
Dear Ms. Moore,
I am writing in support of Kennett Township’s initiative to study the feasibility of creating a major
research, training, and advocacy center in Kennett for the indoor agriculture industry, commonly known
as the Center of Excellence (COE). I understand that Kennett Square Borough and New Garden
Township also supported this project.
I believe that the establishment of a Center of Excellence for Indoor Agriculture would likely have a
positive effect on the overall development of the indoor agriculture industry. I also believe that the COE
would serve to forge mutually beneficial ties between Southern Chester County’s existing $500 million a
year mushroom industry and the rapidly developing industry of growing green indoor crops such as
lettuces, herbs, and other leafy greens.
You may include this letter of support in the feasibility study and in other correspondence as
appropriate.
Sincerely,

/,Tom Killion, SENATOR
gth
District

COMMITTEBS:

STEPHEN E, BARR,AR, MEMBER
I

VETF,RANS AFFATRS &
EMERGENCY PREPAREDNESS,

6OTH LEGISLATIVE DISTRICT

HARRISBURG OFFICE:
I8 EAST WING
P.O. BOX 202160
HARRISBURG, PA 17 120-2160

MAJORITY CHAIRMAN
STATE GOVERNMENT
JOTNT LEGISLATIVE BUDGET

DISTRICT OFFICE:
ONE BEAVER VALLEY ROAD, SUITE

I()O

þnuw úþeyrwtntatrfuw
Commonwealth of Pennsylvania
Hanisburg

CHADDSFORD,PA 19317
PHONE: (610) 358-5925
FAX: (610) 358-5933

WEBSITE:

WWW.STEVEBARRAR.COM
E-MAIL: PAREP I 60@ÁQL.CQM

May 18,2018

Lisa Moore, Township Manager
Kennett Township
801 Bunows Run Road
Chadds Ford, FA 19317
Ðear Ms. Moore,

I am writing in support of Kennett Township's initiative to study the frasibility of creating

a major

research, training, and advocacy center in the Township for the indoor agriculture industry, commonly

known as the Center of Excellence (COE). I understand that Kennett Square Borough and New Garden
Township are also in support of the project.

n

hope that the establishment of a Center of Excellence for Indoor Agriculture

will have a positive effect

on the overall development of the indoor agriculture industry. I also hope that the COE would serve to

forge mutually benef,rcial ties between Southern Chester County's existing $500 million ayear mushroom
industry and the rapidly developing industry of growing green indoor crops such as leffuces, herbs, and
other leafy greens.

I look forward to being part of the discussions surrounding this endeavor and how the project will be
funded. We encourage public meetings in the near futl¡re to ensure the community is collectively

invested. It is my hope that

a public/private partnership

will

be forged during this process. Feel free to

reach out to me directly if you have any questions concerning my support.

Sincerely,

Jj"'d*
Stephen Barrar
State R.epresentative

l60th District

SEB/tlp

&

FTNANCE

PHONE: (717) 783-3038
FAX: (717) 787-7604

May 24 2018

Dr. Eric Stein, President
Barisoft Consulting Group
228 E. 3rd St.
Media, PA 19063

Dear Dr. Stein:
We are writing in support of the joint initiative by Kennett Township, Kennett Square and New Garden
Township to study the feasibility of creating a major research, training, and advocacy center in the
region for the indoor agriculture industry, commonly known as the Center of Excellence (COE). We
believe that the establishment of a Center of Excellence for Indoor Agriculture would likely have a
positive effect on the overall development of the indoor agriculture industry. We also believe that the
COE would serve to forge mutually beneficial ties between Southern Chester County’s existing $500
million a year mushroom industry and the rapidly developing industry of growing green indoor crops
such as lettuces, herbs, and other leafy greens.
You may include this letter of support in the soon to be completed feasibility study and in other
correspondence as appropriate.

Sincerely,

Mark Rieger
Dean and Professor

http://canr.udel.edu/

134 West Dr, Lodi, OH 44254 • Phone (330) 302-4203 • Fax (330) 302-4204
www.cropking.com
e-mail: cropking@cropking.com

Date: 5/30/18
To:
Dr. Eric W. Stein, President
Barisoft Consulting Group
228 East 3rd Street
Media, PA 19063
estein@ericwstein.com
From:
Paul Brentlinger
CropKing Inc
134 West Drive
Lodi, Ohio 44254
Dear Dr. Stein,
We are writing in support of the joint initiative by Kennett Township, Kennett Square and
New Garden Township to study the feasibility of creating a major research, training, and
advocacy center in the region for the indoor agriculture industry, commonly known as the
Center of Excellence (COE).
We believe that the establishment of a Center of Excellence for Indoor Agriculture would
likely have a positive effect on the overall development of the indoor agriculture industry.
We also believe that the COE would serve to forge mutually beneficial ties between
Southern Chester County’s existing $500 million a year mushroom industry and the rapidly
developing industry of growing green indoor crops such as lettuces, herbs, and other leafy
greens.
You may include this letter of support in the soon to be completed feasibility study and in
other correspondence as appropriate.
Sincerely,
Paul Brentlinger
CEO

To:
Dr. Eric W. Stein, President
Barisoft Consulting Group
228 East 3rd Street
Media, PA 19063
estein@ericwstein.com
From:
Kyle Barnett, Sales Manager
Hort Americas, LLC
2801 Renee Street
Bedford, TX 76021
kbarnett@hortamericas.com
Dear Dr. Stein,
I am writing in support of the joint initiative by Kennett Township, Kennett Square and New Garden
Township to study the feasibility of creating a major research, training, and advocacy center in the region
for the indoor agriculture industry, commonly known as the Center of Excellence (COE).
I believe that the establishment of a Center of Excellence for Indoor Agriculture would have a positive
effect on the overall development of the indoor agriculture industry including a better understanding of
hydroponic farming methods and Controlled Environment Agriculture (CEA) as a whole.
Through my experience at Hort Americas and working with multiple state universities, I am constantly
speaking with CEA professors and industry leaders about the need for a resource like the COE and this
opinion seems to be unanimous.
I also believe that the COE would serve to forge mutually beneficial ties between Southern Chester
County’s existing $500 million a year mushroom industry and the rapidly developing industry of growing
green indoor crops such as lettuces, herbs, and other leafy greens.
You may include this letter of support in the soon to be completed feasibility study and in other
correspondence as appropriate.
Sincerely,

Kyle Barnett
Regional Sales Manager for Northeast

June 1, 2018
To:
Dr. Eric W. Stein, President
Barisoft Consulting Group
228 East 3rd Street
Media, PA 19063
estein@ericwstein.com
From:
Ian Kanski, President
Integrated Agriculture Systems Inc.
21 South 3rd Street, FL3
Harrisburg, PA 17101
ian@intagsystems.com

Dear Dr. Stein,
I am writing in support of the joint initiative by Kennett Township, Kennett Square and New Garden
Township to study the feasibility of creating a major research, training, and advocacy center in the
region for the indoor agriculture industry, commonly known as the Center of Excellence (COE).
I believe that the establishment of a Center of Excellence for Indoor Agriculture in this region is likely to
have a positive effect on the overall development of the indoor agriculture industry. We also believe
that the COE would serve to forge mutually beneficial ties between Southern Chester County’s existing
$500 million a year mushroom industry and the rapidly developing industry of growing green indoor
crops such as lettuces, herbs, and other leafy greens.
You may include this letter of support in the soon to be completed feasibility study and related
correspondence and I look forward to contributing input and analysis as needed to support this effort.

Sincerely,

Ian Kanski
President
INTAG
Integrated Agriculture Systems, Inc. | 21 South 3rd Street, Floor 3 | Harrisburg, PA 17101 |
www.intagsystems.com

Date: May 21, 2018
To:
Dr. Eric W. Stein, President
Barisoft Consulting Group
228 East 3rd Street
Media, PA 19063
estein@ericwstein.com
From:
Vincent Kimura, CEO
Smart Yields
1050 Queen St.
Honolulu, HI 96814
Dear Dr. Stein,
We are writing in support of the joint initiative by Kennett Township, Kennett
Square and New Garden Township to study the feasibility of creating a major
research, training, and advocacy center in the region for the indoor agriculture
industry, commonly known as the Center of Excellence (COE).
We believe that the establishment of a Center of Excellence for Indoor Agriculture
would likely have a positive effect on the overall development of the indoor
agriculture industry. We also believe that the COE would serve to forge mutually
beneficial ties between Southern Chester County’s existing $500 million a year
mushroom industry and the rapidly developing industry of growing green indoor
crops such as lettuces, herbs, and other leafy greens.
You may include this letter of support in the soon to be completed feasibility study
and in other correspondence as appropriate.
Sincerely,

Vincent Kimura, CEO
Smart Yields, Inc.

GrowFlux, Inc.
Suite 200
3401 Market St
Philadelphia, PA 19104
info@growflux.com

5/21/2018

Dr. Eric W. Stein, President
Barisoft Consulting Group
228 East 3rd Street
Media, PA 19063
Dear Dr. Stein,
We are writing in support of the joint initiative by Kennett Township, Kennett Square and
New Garden Township to study the feasibility of creating a major research, training, and
advocacy center in the region for the indoor agriculture industry, commonly known as the
Center of Excellence (COE).
We believe that the establishment of a Center of Excellence for Indoor Agriculture would
likely have a positive effect on the overall development of the indoor agriculture industry.
We also believe that the COE would serve to forge mutually beneficial ties between
Southern Chester County’s existing $500 million a year mushroom industry and the rapidly
developing industry of growing green indoor crops such as lettuces, herbs, and other leafy
greens.
You may include this letter of support in the soon to be completed feasibility study and in
other correspondence as appropriate.

Sincerely,

Eric Eisele
CEO
GrowFlux, Inc.
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