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The University of Arizona hosted a two-day Arizona CEA Conference spon-
sored by the U.S. Department of Agriculture that took place at the Biosphere
2 in Tucson, Arizona on September 9-11, 2019. A diverse group of stake-
holders from industry, academia, government sectors gathered to engage
with the critical issues, both current and future, facing vertical and indoor
food production systems. Discussions revolved around seven major themat-
ic areas, established from the preceding workshop “Research and Develop-
ment Potentials in Indoor Agriculture and Sustainable Urban Ecosystems”
co-hosted by the USDA and U.S. Department of Energy (DOE) in June 2018:
Economics, Production Systems, Engineering, Plant Breeding, Food Nutri-
tion and Safety, Industrial Ecology in Closed Systems, and Pest Disease and
Management.

Developing sustainable and strategic plans to feed the future in the face of
growing global challenges will require interdisciplinary vision and innovation
on a grand scale. These growing global challenges include climate change,
continued and increasing water scarcity in agriculture, insufficient agricultur-
al land to meet growing global food demands and soaring global populations
that are becoming increasingly urbanized. Addressing these grand challeng-
es to feed the future will require innovative, integrative and interdisciplinary
solutions that draw on both historical and current approaches such as tradi-
tional plant breeding and modern gene editing technologies, or developing
strategies to reduce global food waste, as well as forward thinking and out-
of-the-box innovation.

Controlled environment agriculture (CEA) implemented as indoor agricultur-
al food production systems may offer innovative technological solutions to
solve such problems. CEA systems range from basic high tunnel systems,
and advanced hydroponic greenhouses using sunlight, to fully insulated in-
door operations that produce crops on multiple levels (i.e. vertical farming,
VF) solely using electrical lighting. Indoor agriculture, such as VF, is a na-
scent and rapidly growing CEA system with the potential to help mitigate
many of the environmental and social challenges at the food-energy-water
nexus. CEA operations are advertised as solutions to many environmental
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issues in food production because they are protected from the vagaries of
the outside environment, and can be constructed in even the most extreme
environments.

Despite these advantages, CEA greenhouse indoor and vertical farming sys-
tems are technology intensive, require large capital investment and energy
inputs, and they demand higher level worker skill and knowledge for effec-
tive operation. Although CEA systems can manage light, water, temperature,
nutrient elements and CO2, these conditions, especially with new cultivars,
different species and innovative production systems now in development,
have not been optimized. Furthermore, there are unknowns about business
economics, long-term sustainability, and consumer trends, adding more chal-
lenges to overcome within the complex CEA production systems.

The promise of CEA indoor and vertical food production depends on optimiz-
ing these unknowns. Thus, these unknowns deserve an integrated, cross-dis-
ciplinary, systems-based approach that integrates stakeholder needs and
feedback to address challenges and identify opportunities to grow this indus-
try sustainably and contribute to the U.S. agricultural economy.

The discussions and ideas exchanged at the Arizona CEA Conference had

several important outcomes:

« A final workshop report (80+ page) and a report summary (this
document) synthesizing outcomes from presentations and discussions at
the conference for the CEA indoor food production industry in North
America.

» A coordinated agricultural project (CAP) grant proposal addressing the
thematic areas discussed in the CEA conference (not funded). This pro-
posal was authored by conference organizers in collaboration with confer-
ence participants, with preparations for the submission begun during the
final day of the conference.

« A working group focused on the development of a comprehensive frame-
work for best practices in design and operation for CEA enterprises was
formed by conference participants: the Controlled Environment Agricul-
ture Design Standards (CEADS). The CEADS project incorporated in
February 2021 and has distributed the debut CEADS standards for peer
review, with publication of CEADS v1.0 scheduled for May 2021.

« Seven topic areas, each with ‘Challenges’ and ‘Opportunities’, were the
focus of the Conference study. These represent the fundamental con-
cepts for successful CEA operations, and are documented here.
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