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SOLUTIONS FOR WORLDWIDE CHALLENGES AHEAD

Controlled Environment Agriculture (CEA)
CEAQ: Agriculture Fl# ~ 3
CEAQ: Aquaculture -k & % 78
CEAp: Aquaponics #f & % 78
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* 24 & Modification — of environmental variables, one
factor or level at a time

o 15 Ht Experimental Simulation — of natural
environmental phenomena

* 2} I3 Manipulation — of one or more environmental
variables, static or dynamic



http://www.ntu.edu.tw/

1 & & & & & & & 8 & O

e & O

E—‘_T‘E" /ﬁf ’}\ /z"‘

]3\
J

-~ -
4

““-\- C‘\‘: ‘>’ ~E\\ \*ﬂ"'

/\;‘k

2R 7

¥
g
£

H

I
V)

-~

~N v

ik
W
R

;{:%111%?7\& 5

“‘E I iE (Fan Jet)

7

J‘ 1}:? - P% ET’ /J L"t"‘

A&/ 5 }\? e /YRR ,,‘ L‘i

N

~§F?

K% 3 A 204 44/ B 4 B
\,é B Hg5¢ "J»’I?C;‘
/2{ :”imgé‘nz ;:1 I"Igt‘mf/
}T’ifp\‘b&



A

The “Value added” of Environmental Containment &

Control 3 3% Wi o i

Discovering the genetic limits of different plant
species to respond to defined environments

* Production time of crops can be reduced

* Yield per cycle can be enhanced

* Yield increase x time reduction =
enhanced annualized CE productivity

4‘(‘
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Ability to grow value-added crops...
e anywhere
® anytime
o faster
e more productively
¢ reduced chemical inputs
¢ soilless culture
¢ containment
® |ess risk

3 Hﬂ‘t« PR T —

Advantage of CEA vs. OFA
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Productivity of crops grown in Open-Field Agriculture (OFA) vs.
Controlled-Environment Agriculture (CEA)

cropping Cycles / year Yield / cycle Fold-

Time (days) (g xm2x103) increase

Crop OFA CEA OFA CEA OFA CEA (CEA / OFA)
Soybean 130 80 1 4 059 1.57 10.6
Tomato 160 67 1 5 1291 17.00 6.6
Lettuce 55 22 2 15 240 6.00 18.8
Sugar Beet 140 100 1 3 5.29 14.67 8.3
Peanut 125 90 1 4 028 0.80 114
Cabbage 110 90 2 4 2.69 9.00 6.7
Spinach 75 60 2 6 220 5.00 6.8
Potato 110 80 1 4 3.79 1240 13.1
65 1 5

0.40 1.00 12.5
2 e
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WUE (water)

CUE (CO,)

LUE (Light energy)
EUE (Electricity)

0.96

0.88
0.027
0.007

0.02 ~0.03
0.4~0.6
0.017
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Controlled Environment Agriculture (CEA)

Plant Factory (PF) &4 1 Jz
Vertical FARM (VF) #=3 B 3
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el (LD MACDONALD
A A FCTORY

Production A revolutionary indoor farm takes electric
light, seeds, and water and makes gourmet
greens and herbs—day or night, rain or shine.

Daily
Shipment
of Produce

Restricted-Radius
Shipment

‘Even In the depths of winter this highly automated
hydroponic farm in rural IBinoés produces more than
"~ seven tons of vegetables o week.
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Phytofarms of. Arierica
Dekalb, Illineis



http://www.ntu.edu.tw/

. )
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DISTRIBUTION CENTER
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1 CEAQ: # & et P ¥
1 CEAQ: %k ¥k 2 % 75 (CE Aquaculture)
1 CEAp: & ¥74F & % 72 (CE Aquaponics) =
kK & &% 72 (Aquaculture) + -k # £ 2 (Hydroponics)
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0.25-0.5 kg
waste solids,

0.25-1kg O, O-nia L

Total Ammonia (TAN: NH,;/NH,)
0.25 -1 kg CO, 0.02 - 0.04 kg
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LED;5 2 %"

s S et L B ¥4 (Bula, 1991;
Barta, 1992) > 5 4 3 * ¥ 4 & %

B
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B+ tgT % > (8 US$ in 1996 >
0.8 USS$ in 1999 for LED)
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Related Research U
LEDs
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T
Space-based plant culture system :

(Bula et al., 1991, Barata et al., 1992)
Chlorophyll synthesis : (Tripathy and Brown
1995)

Photosynthesis : (Tennessen et al., 1994; Jao
and Fang, 1999,2001,2002)

Algal photo-bioreactor : (Lee and Palsson, 1994)
Photomorphogenesis : (Hoenecke et al., 1992)
Energy Savings : (Jao and Fang, 2002)

.. etc.
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Plant Culture Using ;§W N\
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» Lettuce (Bulaetal., 1991; Hoenecke et al., 1992,
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Yanagi et al., 1996)
Pepper (Brown and Schuerger, 1993) e
Cucumber (Schuerger and Brown, 1994)
Wheat (Tripathy and Brown, 1995)
Spinach (Yanagi and Okamoto, 1994)
Cymbidium (Tanaka et al., 1998)
Strawberry (Nhut et al., 2000)
Iwanami et al., 1992; Miyashita et al., 1995;



Advantages of LEDs
Adjustable

-

Adjustable Quantity

Adjustable Quality
R/B, R/IFR, R/PPF




Advantages-—
Energy cost reduced

Direct current DC

Frequency
adjustable

Duty cycle
adjustable
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(SAD)

« According to the National Institute for Mental Health,
approximately 10% of Americans currently suffer from &
SAD and related disorders.

« SAD is adisorder characterized by drastic mood swings
and depression that occur during the fall/winter months and
diminish in the spring.

« SAD sufferers have the following symptoms :
Depression, Feeling "out of sorts®, Irritability, Increased
appetite, Weight gain, Excessive sleeping, Decreased
energy & interest, Inability to concentrate



- v k¥ 4] melatonin &4
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BRIGHT LIGHT Box

33% Brighter
and with
Built-ln Timer

SUNSHINE SIMULATOR"

Although our lives, health and well-being are dependent
upon the sun, most of us do nat get enouagh sunshine

epyday. oright light is used for alleviating symptom=
associated with seasonal affective disorder (SAD), jet lag,
shi

erefatigue seasonal change and inscmpia—eetgour
daily "dose” of sunshine and hoost your body's sense of well-
being, alertness and energy with the HappyLite Flus
Sunshine Simulator,
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Red Light (660 nm wavelength)
has anti-inflammatory effect on
Inflamed skin pores

Blue Light (415 nm wavelength)
wipes out bacteria that causes
acne.
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