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Towards Sustainable Smart Plant Factories with LEDs,
Artificial Intelligence and Phenotyping Unit

Kozai Toyoki
( Japan Plant Factory Association, Kashiwa-no-ha, Kashiwa, Chiba277-0882, Japan )

Abstract: The benefits, unsolved problems and challenges for plant factories with artificial lighting ( PFALSs )
are discussed. The remarkable benefits are high resource use efficiency, high annual productivity per unit
land area, and production of high-quality plants without using pesticides. Major unsolved problems are high
initial investment, electricity cost and labor cost. A major challenge for the next-generation smart PFAL is the
introduction of advanced technologies such as artificial intelligence with the use of big data, genomics and
phenomics ( or methodologies and protocols for noninvasive measurement of plant-specific traits related to plant
structure and function ) . Finally, the concept and methods of plant cohort research for production in PFALs are
discussed. In plant cohort research, the time courses of plant traits (i.c., phenomes ) are measured for plant
individuals together with the data on environments, human and machine interventions, and resource inputs and
outputs. The components of the plant cohort research system for a PFAL include the cultivation system module

(CSM ) , phenotyping unit, database or data warehouse and application software for the collection, analysis
and visualization of the data. Possible applications of the plant cohort research system are very briefly discussed.

Key words: Artificial intelligence ( Al) ; Big data; Light emitting diodes (LEDs) ; Phenotyping

1 Introduction

We are facing a trilemma in which there are three almost equally undesirable
alternatives:(Dshortage and/or unstable supply of food; @shortage of resources; and
(3)degradation of the environment. This trilemma is occurring at the global as well as local and
national level amid an increasing urban population and a decreasing and/or aging agricultural
population.

To help solve this trilemma, transdisciplinary methodologies based on new concepts need to
be developed by which the yield and quality of food are substantially improved with less resource
consumption and environmental degradation compared to current plant production systems. Plant
factories with artificial lighting ( PFALs ) are one such system expected to achieve this mission.
The benefits of the PFAL include high resource use efficiency, high annual productivity per unit
land area, and production of high-quality plants without using pesticides ( Kozai et al., 2015) .
Current major problems to be solved are the high initial investment and the electricity and labor
costs.

The next-generation ‘smart’ plant factories with artificial lighting ( smart PFALs ) are
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expected to help solve food, resource and environment issues concurrently, by significantly
reducing the initial and operation costs. This article is a reduced version of Kozai (2018a) and
Kozai (2018b) .

2 Potential and Actualized Benefits of the PFAL (Kozai, 2018a; Kozai, 2018b)

The PFALs that have actualized most of the potential benefits described below are making a
profit and expanding their production capacity; however, the number of such profitable PFALs is
currently limited. To actualize the potential benefits of the PFAL, the concepts behind the benefits
and the methodology for their actualization must be thoroughly understood before designing and
operating the PFAL. At the same time, the vision, mission and goals of the PFAL design,
operation and business model must be clearly established and shared with the team members.

(1) High Resource Use Efficiency ( RUE ) which reduces resource consumption and
waste, and thus lowers production costs. RUE is defined as the amount of resource fixed or utilized
in the plants ( F ) divided by the amount of resource supplied to the PFAL (S ) (Kozai et al.,
2015 ) . Essential resources to be supplied regularly to grow plants in the PFAL are light energy,
CO,, water, fertilizer ( nutrients ) , seeds/transplants and labor only. The light energy,
CO,, water and fertilizer ( nutrients ) are essential resources for seeds/transplants to grow by
photosynthesis ( Kozai, 2013 ) .

The first, Water use efficiency ( WUE ) is the amount of water fixed or held in the plants
divided by the net amount of water supplied to the culture beds and absorbed by the plant roots. In
the airtight PFAL, almost all the transpired water is condensed and collected at the cooling panels
of the air conditioners and returned to the nutrient solution tank. Then, the net consumption of
water is the difference in amount between the irrigated water and the water returned to the nutrient
solution tank. WUE for the PFAL is around 0.95 (= the fresh weight of plants divided by the
difference in weight between the irrigated water and the water returned to the nutrient solution
tank ) ( Kozai, 2013; Kozai etal., 2015 ) . This high WUE ( 95% water saving ) of the PFAL
is a big advantage in arid regions and other water-scarce areas.

The second, CO, and fertilizer efficiencies of the PFAL are also relatively high ( 0.80 ~ 0.90 )
compared with those of CO,-enriched and soil-cultivation greenhouses with ventilators closed

(0.5-0.6 for both ) ( Kozaietal., 2015) .

The third, Light energy use efficiency of the PFAL, however, is still very low (0.032 ~
0.043 ) , although it is higher than that of the greenhouse (0.017) ( Kozai etal., 2015) . Use
efficiencies of electric energy, light energy, space and labor in the current PFALs need to be
considerably improved in the next-generation PFALs through the application of LEDs, intelligent
lighting systems, better environmental control, and the introduction of new cultivars that grow
well under low photosynthetic photon flux densities ( PPFD ) .

(2 ) High annual productivity per unit land area. Over 100-fold annual productivity per unit



