





Plant Factory

The Future Farming
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Why Plant Factory ’
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2015 7.3 Billion people, ~50%
@ 2050 9.7 Billion people, 7094
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Why Plant Factory ?
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Globalization 2z it

Extreme weather &3 % iz

Growing population and Urbanization 4 v f 3 & 38 i
Limited resources, such as farm land, fresh water, etc. 3 *R 3 /&
Polluted air, land and water 7 § ~ 2 &+ 2K Fihi* %
Consumer awareness i f & % fiZ

» on Food Security / Food Safety & %% 2
 on Carbon Footprint / Food Mileage # &_i* ~ & 52 #%

Growing of ABC (Al, Big data, Cloud computing)
intelligentembedded * 1 & ~ « #kdx ~ ZHF L

Advancement of LED and other lighting technology #* 47 :&
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Various terms converged into ONE

PF, PFAL C
VF, VFAL

Urban Agriculture

Urban Horticulture > E
Indoor Agriculture

Indoor Horticulture
City Farm A
Smart Farm
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PF, VF and more
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EU : City Farm, Urban Agriculture, Vertical Farm

Us: Verti{al Farm, Indoor Agriculture
Asia : Plant Factory with Artificial Lights (PFAL)




Controlled Environment Agriculture (CEA)

Greenhouse: Plant Factory with
sunlight and/or supplemental light
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< 3kg/m?/year =
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A ~ Eurofresh B 3~

Arizona sunrise over Eurofresh Farms.
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Over 164 ac'res of Fresh tomatoes.




Controlled Environment Agriculture (CEA)

Greenhouse: Plant Factory with ~ Plant Factory/Vertical Farm
sunlight and/or supplemental light with Artificial Lighting

T -l 3




Closed: PFAL
Plant Factory with Artificial Light
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3~4 layers > 100 kg/m?/year



Closed PFAL

7 Iayers > 200 kg/m2/year



Closed: PFAL

f 'a@a:?*am Eﬁith’Jg ﬁﬂrfﬂ

Cuh

10 Iayers > 300 kg/m?/year

More than 100 tiImes compare with open field production
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A brief history of PFAL in Taiwan (1/3)

20 ft. container with
thermally insulated walls

30

‘\NTU

National Taiwan University
supported by NSF, ROC

First PFAL

related research
1993




Lots of stress
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If the plant can talk,




SOP based CEA
Less risk

[ Little stress

: _ ¢
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A Dbrief history of PFAL in Taiwan (2/3)

1996 .\NTU

LED related
research

Pulse light with adjustable intensity,

duty ratio, frequency .\C tral
entra

Taiwan

« PFAL for tissue culture and for
Phalaenopsis seedling production with
movable light was developed in 2001.

His
% F Rk R *l?]./f“ SR g - Two stories building with 7 layers each.

B 3 ae:*zﬁ?h R mmp
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Totally 27 spectra of LED light sources
were developed for TC and PF applications
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A Dbrief history of PFAL in Taiwan (3/3)

Public attention of
PFAL for the first time :

2010 Taipel Floral Expo

 booth of PF: 8 m x50 m
e duration: one month,
8:00~21:00
7




Extension (step 1/4)
Demo facility 2 &k

« An experimental pilot plant factory was setup in NTU
(2011.1.1)

* Renovated from a discarded roof-top greenhouse

Wind + solar power assisted: 13 kW
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Extension (step 2/4)
St

I . . ABRE
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CERE e ¥
A om

2010 2011 2011
Kozai Takatsuiji

40



ﬁE')ggension (step 3/4)
i 5010, 54 hrs credit based course per semester (2 /yr)

« 2011~2016, 30 hrs Once per semester (2 /yr)

e 2016~now, 16 hrs Once per season (4 /yr)
 Totally, more than 700 people were trained

* From various Industrial/Business/Agriculture sectors
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Extension (step 4/4)

‘R Wik PR

TR Partners and Interested Parties
L Research and educational institutions
3 Governments NGOs
[ Real estate developers and builders
 Construction companies TPFIDA
 HVAC industry
3 Electronics industry CPFA

O Supermarkets

J Restaurants

O Institutional food services (hospitals, schools, etc.)

J Consumers

 Media

 Etc. 42
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Sprmg MIX oz |
MELANGE Printanier

EERENNLE
JANILLA ROMAT ¥
'utulllhi 'm‘r:r‘ 3 UNT =i

ﬁdn{aine MIX

BIOIM MELANGE de Romaine =
Spinach ! =T
Epinards _ ~

e §EH

2011: 199 NT$/142 g
2012: 249 NT$/142 g

2013: 288 NT$/142 g

2014: 315 NT$/142 g
2015: 288 NT$/142 g

2016: 288 NT$/142 g
O
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US
HK
UsS
us
UsS
HK
HK
U
AU
AU

city'super

Unit price NT$/g

wellcome

7/11 A w ¥ (16 HK$/30 g by iVeggie) 53.3
Wellcome = e ¥ RETE (£ %) 48.9
FreshMart i % (by UF) 45
Wellcome LfEd FEREYTFE (BE) 44.9
CitySuper R Ew E (62 HK$/1429) 43.7
Wellcome Lfd FEREYE 34.9
FreshMart o ~ BE 2 ¥ (by UF) 40
FreshMart BE ~HE - ZEHEA E(by UF) 30
Wellcome i BB 27.9
FreshMart e E 21
Wellcome % 3\ 5 % (15.9/125 g) 12.72

wﬁm&vte

2.22
2.03
1.87
1.87
1.82
1.41
1.67
1.25
1.12
0.87

0.53 «

price of
Imported

price at
NTU



A LB 2 AP

142 5. & 1% 43.9 & 5 %) 176 NT$/142 g = 1.24 NT$/g
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PFAL/Vertical Farni booming worldwide

4 Japan, Taiwan, USA, China:
The increasing number of commercial PFALs.
Operated Farms increasing in the US since 2013.
¢ Europe: Greenhouse = PFAL
> A leap from conventional farming to PFAL
> Nursery = PFAL
> Bio pharmaceutical PMPs = PFAL







PFALs in Kashiwa-no-ha town
of different sizes for different purposes

Seedlmg Hotel
Home-
Restaurant Oome-use
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) Operation
@ Quality
@ Brand

Labor cost *
Profit

Clapping, Applause
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Panasonic Japan + Singapore

Hydroponic + Soil




The largest PFAL In Japan built in 2006

producing 23,000 leafy greens daily
present: 3 factories, totally 60,000 leafy greens daily

Spread Co. Ltd. Kyoto, Japan
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C(AJIMA’'s Engineering Approach

3 Lighting heat/ #)-(5)Photosynthetic/
Plant temperature Transpiration

Air resistance of 5 2-

Wind speed Temperature CO2 humidi
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Opening facility HTC7/

8 climate rooms, each wi
4 growth layers

540 production modules
and 6624 research modu

Pe 2
- ; -
o”e F
' mlllM‘.
[} l“ i :::&
\ is. I

‘ Total growing surface of 2

97 light recipes can be
trialed per round

\ PFAL 15 people
GHAL 70 people
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Here, There & Everywhere Corp.







PlantLab Corp.




PlantLab




VIVI “Greenhouse in a Bag”
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UNIFARM, Wageningen UR




LED 1t Be Project

Research Project
on LED Lightings

N
THE LIGHTING ISSUE!

» LEQ MARCEDS, omector oF HORMCULTURE ATWORLDLE ADING
mrvmsrv dc‘.:rnnrg:r cmc“!:dLstm m«mn

Dew;#op xhengh recipes
Gt et cbrn g’ ’
| SHALI KHOSLA. Paot  VENEZUELA n;%







History of
NASA’s R&D
1990s
) Advanced LSS
, Bio-regenerative LSS
Controlled ecological LSS

-93-
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FarmedHere, Chicago, USA

oy 2 Ne

. http://www.gizmag.com/farmedhere-vertical-farm-west-
louisville-foodport/41569/
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GreenSenseFarms
(Indiana, USA)

e Started in April, 2014, Factory floor area
2,700

! « 10 layers, Hydroponics(NFT)

'« Herbs(Basil, Cilantro, etc), Lettuces, Baby
Greens, Micro Greens
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M1 T MedialLab

Source: MITMedial.ab
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[Hlumitex, (Texas, USA)
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Urban Produce (CA, USA

G
“GAN[Q

Kale-liornh'

UPERFOOD OLEN

G2

ORGAN7A

Broccoli

WDan producy
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Local Roots Farms (CA, USA)
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Apple

Sustainable Life Style
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Apple Campus 2 :
The Earth as Spaceship




Apple campus

Silicon Valley, CA, USA

« Completed in February 2017
 Land area: 2.6 ha, Circle lengthy: 2.6 km
 Net-Zero-Energy : Solar panels on the roof: 6,500 m?

* Serving fresh vegetables to 15,000 employee at
13 restaurants

* Operated by: Apple Café team
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Sanan Sino-Science Photobiotech Co., Ltd. In China

Floor area: 9000 m?2 Yield: 1.5td! 7 Billion RMB for plant factory
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AeroFarms (GSR Capital) will
construct vertical farming in Beljing,
Guangzhou, Shenzhen, Hangzhou for
producing vegetables and herbs.

This project never came into reality.
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N | ’ ShenZhen
FEBRREFFHE

T W tLED % P
b G ﬁ.; 1 3000 m?
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« HE 6 % EFEEEFE 16 BRY
+ B 96 RE o EF R 96 x 12 x¥

’ GE LED *#
HortiMax % Zz3r+#4] % %




St 23K

26 um 12 %

O R A

FPEITETRA D

# R %k B US installation

2 W:gv k& US imported LED light
LED light (GE)

Nutrient control system (HortiMax)
Seeding machine p # 44
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PFAL ;IP7,|‘ £ zti!} ?’i% soilless media

7 Panasonic

e 2 factories in China (&M REy ~ = :d B

1 1n Singapore

* & F media
« % %4z (non-recycle)
« £ v (imported)

« & A3 (high cost)
- High price

50-120 g per pack
Price 16.8-28.8 RMB
about 200 RMB/kg or 1000 NT$/kg
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Future for PFAL Industry?

Very Promising due to ..

* Increasing profit 3 4c 2z &
* price increase for value added crops
 Traditional crops: £ % ~ 7 v %
* Value added crops: % #* ~ 41 - FhYEFAFRHM

* Reducing cost % K = &~
» fixed cost to build a PFAL system ¢

* operating cost drops a lot due to efficienc ease of
LEDs, AC, thermally insulated materials
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Vege-Powder solves the pH balancing problem
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Powder: Savior to Meat lovers




Vege-Powder solves the CONStipation problem
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Vege. Powder in Cosmetic products
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Vege. Juice  Green Latte % £ 4%

5¢ %%
T

JEZIHIHZFEJH'

Lettu&e‘—Calpis
£48 Green Latte

.,

>

>

gk, ek B -

> g o 3 L
216 7 LR (% 72 (119458 14 ¥
2 2722-8; rBen.com tw -
nz - =l GREENHIM
=




Blog = Book

« Story to tell / Experience to share

» Green Latte (% £ 4#) brings
« Green Touch % p: #
« Green Magic % /i =

e Green Miracle %% & i
» Green Popular &k
* Green Practice %9
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be B 1T
1. ijffﬁi)k =
* Qyster leaf (Mertensia maritima) 4 #

* Ice plant ik
« 20 US$ (600 NT$)/50 g in Taiwan

Oyster Leof

rich in myoinositol, Vit.K, g-carotene
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Ice Plant in night club




Bartenders learn from skillful flower arrangement teacher




Bartending trick:

58
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Bartending trick: ¥ &
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a* -5 B i Violet (gillyflower)













b B T4
3. Functional plants % ¢ |+ 14~
S|
SRS REES ST

High® Casr, Fesds, Zn#x, Vit. C, Vit. B,
Low i< potassium4#, sodium4p
Low < nitrate &' & % , nitrite &; &' fis
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Trends in the incidence of treated ESRD, per million population

2000~2013# * ¥ % :B (ESRD) 2 & B# 4 %
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R A& T MBagadsnz &2 KIE(>65%)

29% 75
(mg)
K A F T3
(>65)#&> 47 £ /d 2198
47 A G 1E 3k 2430
( 39mg/kg/d ) (4 60kgz")
FE T a5 49/100g 324
47 % /1009 80
Yz AR e <
3 4‘?4; A & E "# /1009 244
B K A2 2 a4 F BT 488

s292 AHls 2 4k K e % E/d 2 31
SR b _-‘tﬁ‘-?l-'/o e
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- e 60 g 6%
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=

@) 4,47 < 80 mg/100g

Na ™4 <30 mg/100g s mug=me)

NO, MAfs® <250 mg/100g (s g %)

NH, & * 4&8ft 1% & 49 33 B~ 1% &)

1Kim, M. J., Y. Moon, J. C. Tou, B. Mou, and N. L. Waterland. 2016. Nutritional value, bioactive compounds and health benefits of lettuce (Lactuca sativa L.).
J. Food Compos. Anal. 49:19-34.
2European Food Safety, A. 2008. Nitrate in vegetables - scientific opinion of the panel on contaminants in the food chain. EFSA Journal 6:n/a-n/a. 163
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—= DAS1~7 DAS8~21 DAS22~28 DAS 29~35 DAS 36~42
6K (CK) N1 X6 F
5K N1x5 ¥ N2 x 13
4K N1 X4 % N2 x 2 ¥
3K N1x3 it N2 x 3 i¥
4K, . N1 x4 iF N3 x 2 & (k)

7 w #F (DAS : 1-7) : 3 (TN T

N1_E1.2 1200 d910 H24_ A25_C1200
= & ¥ (DAS : 8-21) :

N1_E1.2 1200 _d45 H16_A25/20_C1200
4 B ¥ (DAS @ 22-42) :

Nx_E1.2 1200 _d26_H16_A25/20_C1200

A
Nx : N> & % pe>
N1 Lias % % (100% 49 3+ )
N2 : & 47 % /% (0% 47 3+ )
N3 @ -k (EC=0.1 mS cm)

Ex:E-> %297 # A (EC)
X %‘:%%?E:fa > ¥ i+ : mScml.
Lx : L LE ’g(/i‘m » ¢ 8 6500 K)
X ! Jéfé_r’ﬁngv » B > pmolm st
dx:d> fFH £ na
X: £ BpR2E > Hix:pltsm?
Hx : H> kR RT
X: & ppekpr#c H = ! hoursday!
AdT/nT : A> p /&g » Hix :°Co
Cx:C» = § LRER
X> = § f“pkR2 @E 0 H = pmol mol?
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- 4K
tW. X 2

t.w.

Bar =15 cm
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7k i B # £ (g per plant)
Fresh weight of frill-ice lettuce

120
oK
100 -
5K
80 -
(@)
2;\ 60 - 4K56.20
40 -
3K 32.30
20 - 4Kt.w.
O I I I I I
15 20 25 30 35 40 45

DAS, d
Means followed by the different letters in each column are significantly different at

5% level by LSD Test. (n=5) 166



AL ESHgET T E
K concentration (mg/100 gFW)

500
400 A
H'g 6K
S
o> 300 A
-
o
f’f 200 - 5K
o 4K
& t.w.
100 -
80 mg/100g T~z _ _ _ 3¢ |4K 3696
C
0 ' ' ' ' ' 3K 26.90
15 20 25 30 35 40 45

DAS, =

Means followed by the different letters in each column are significantly different at 5% level by LSD Test. (n=5) 167
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c IV
52 b
#E 20 -
+
iﬁ o _%é
0 il d
15 20 25 30 35 40 45

DAS, =

Means followed by the different letters in each column are significantly different at 5% level by LSD Test. (n=5) 168
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Nitrate concentration (mg/kg)
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O I 1 1 1 1
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Means followed by the different letters in each column are significantly different at 5% level by LSD Test. (n=5) 169
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Ammonium concentration (mg/kg)
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Means followed by the different letters in each column are significantly different at 5% level by LSD Test. (n=5) 170
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a0 80 A

40 -

20 H

CK 8D 10D 12D

Means followed by the different letters in each column are significantly different at 5% level by LSD Test. (n=51)73
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Means followed by the different letters in each column are significantly different at 5% level by LSD Test. (n=5) 174



DR EL IR o 5y S I A - T4

- e 77 £ oz e iRz 2
2 X g (g/plt) (mg/100g)  (mg/100g)  (mg/kg)

0 108.67a 354.96 a 2.53 ¢ 6157.60 a
7 87.40Db 197.69b 4.31d 4150.48 b
8 85.32 b 143.50 b 9.18 C 2919.86 C
10 70.50 C 7/6.66c 18.54D 1895.38 d
12 66.03 C 54.32d  19.96 D 1536.12 d
14 56.20 C 36.96e  22.23D 609.26 e
21 32.30d 26.90f 4223 a 388.03 f

Means followed by the different letters in each column are significantly different at 5% level by LSD Test.
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Comparison

Fresh Weight K Na
K-free treatment g/plant mg/lOO g mg/lOO g Source
40 80 &L,
N@ replace K (reduced by 63%) | (red.by 77%) 100 Japan
NH, replace K 56.2 36.96 .

18.54 This stud
for 14 days (reduced by 48%) | (red.by 89%) =S
NH, replace k1 70.5 76.66 22.23 This study
For 10 days (reduced by 35%) | (red.by 78%)

No 108.67 354.96  |2.53 This study

replacement
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ZMEE(RE)ZR TP

147 <180 mg/100g (" FEEw 0 % 60% cgm g+ o
HE R B4 ¥R 72 mg/1009)

e

Na f'ﬁﬁiﬁ\ < 30 mg/lOOg CiRFETHE)

NO, ™Mk <250 mg/100g G g +v4#)

> 2
EE R H

e —1

1 Martinez-Pineda, M., C. Yague-Ruiz, A. Caverni-Munoz, and A. Vercet-Tormo. 2016. Reduction of potassium content of green bean pods and chard by
culinary processing. Tools for chronic kidney disease. Nefrologia 36:427-432.

2Kim, M. J., Y. Moon, J. C. Tou, B. Mou, and N. L. Waterland. 2016. Nutritional value, bioactive compounds and health benefits of lettuce (LactucgsatjvgL.).
J. Food Compos. Anal. 49:19-34. 107(17

SEuropean Food Safety, A. 2008. Nitrate in vegetables - scientific opinion of the panel on contaminants in the food chain. EFSA Journal 6:n/a-n/a.
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20K 15K 125K 1.0K 0.75K 0.50K 0.375K 0.25K

N=5, LSD P<0.05 e
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K Na NO,

Treatments FW
(mg/100g) (mg/100g) (mg/kg) (8)

2.00K 408.0 a 32¢c  3085.0a 97.6 a
(1.0K*2)

1.50 K 318.3 b 32¢c  2546.5b 101.2 a
(0.75K*2)

125K 2125 ¢ 45h  1480.8 ¢ 95.0 a
(0.75K+0.5K)

1.00K 242.3 ¢ 42b 24464 D 86.0 a
(0.5K*2)
[0-75 K 172.5 d 36b  1493.9¢C 101.2 a J
(0.5K+0.25K)

0.50 K 188.5 d 42b  2278.1b 90.3 a
(0.25 K*2)

0.375K 190.2 d 93a  1050.6d 80.5 b

(0.25K+0.125K)
0 25K (0 125K*2) 189 1 d 10543 0902 d 70 & h
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Homology of medicine and food
2 3 F iRk

Less « Angiogenesis » More

VESSELS
Vitamin E
! I Captopril
Lenalidomide
Teo

Turmeric
Glucosamine
Green tea
Lavender

| Pravastatin

| Dexamethasone

Cltrus 1

Citrus 2

Bl Cancer drugs
Common drugs

Artichoke
57&'& Bl Dietary factors
| Diclofenac

| ICelecoxib
I Simvastatin

Irinotecan
I T T T

0 20 H 2B B 80 100

source - William Li, TED 2010
186
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Why bio-pharmaceutical medicine?

4 Various functions within the body

4@ A lot of resources to use

@ Few side effects when used for a long time 4 High cost-effectiveness

Million $
2000 M General medicine

1500

2010 2011 2012

® Bio-pharmaceutical medicine
1000
) ‘
0

2013 2014 2015

http://m.biospectator.com
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7 I
16 16 5
[ ] [ ] L] L] 4.5-
sy el 141 s
3 Fl—l (R35-G50-Bl5) B C (Rzo-G50-Bso) 7 | Ryoo
S12- 2083 121 B
8 1 ) 8 1- 111.1 g
& Wm=2 8 5 8 101.4
re] [=] A - o] d
gos goe Wm g2s Wm-2
%06 %061 ¥ 2
& = i S5
S04 8041 i g
£ £ & o
02 02 05
O_ 1 1 1 1 [ 1 1 1 1 O_I 1 1 1 1 [ 1 [ 1 O 1 1 1 1 1 1 - [ 1 1 [
350 400 450 500 550 600 650 700 750 800 350 400 450 500 550 600 650 700 750 80 359 400 450 500 550 600 650 700 750 800
Wavelength [nm] . Wavelength [nm] Wavelength [nm]
30000 R 7 B 335
S0000 87 13 ; 5 BlOO
- . B a5
. 40000 @ 4
e §%7 115.9 ] 98.0
E’ - pa Wm- E 3- Wm-2
| 25"
10000 .. 20000 E 2-
) .31.5-
10000 2 -
i 5 il 0.5-
i 2 o " o 400 500 600 700 &00 0 - - ' - 1 '
Warvelenoth (nim) 399 400 450 500 550 o600 oS50 M0 TR0 8k

Wavelength (hm)

Wavelength [nm]

120 pmol m=2s1,12/12 hrs, 26/21 °C, CO, 1200 ppm, i 3~5~ 7%
11500 plant/m? 192



FL CW RlOO Re0:G10-B1o R87:Bl’$ Dark B100

Bar=15cm




Bar=15cm




Bar=15cm



PR EBRBOREIEFR)BRHFLZ P

Fresh weight /10 plants (Q)

Light quality == =3~ & 5x 7
[ Ry00 1.44 b 2.57 a 2.84 a J
Rq;:Bo 1.75a 2.29 b 2.53 ab
Ree:G0B,, 1.73 4 2.15Db 2.34Db
Bioo 1.09c 1.91 bc 2.06 C
CwW 1.76 a 2.15D 2.715a
FL 1.10 c 1.43d 2.72 a
Dark 1.06 C 1.69 c 2.34 Db
A(Jo )%ﬁ‘) *k*%k
B (P ) *
A*B *

Means followed by the different letters in each column are significantly different at 5% level
by LSD Test. (n=5)



Pl RRBERE T BHETE R L BE
Plant height (cm)

Light quality =~ 37 L N
Rio0 6.6 a 12.6 a 12.8 a
Rg,:By5 5.9a 10.4 Db 11.3 Db
Rgp:G:B,y 6.2 105D 11.2 b
B1oo 6.2a 9.9 bc 114D
CW 450 8.5¢C 11.3Db
| FL 2.7 ¢ 7.2d 10.4b |
Dark 6.0 a 12.5 a 12.7 a
ACE ) =
B(FF ) n.s
A*B ***

Means followed by the different letters in each column are significantly different at 5% level by, L SD
Test. (n=5)



7 0p TR 2 PRk G 1L PR HVIL C 2 903

Vit. C Content (mg-g-1)

Light quality ——

it 3% gk it 5x pEiv 73X
Ri0o 1.17¢c - 2% 0.84 c
- —
Rg,:B3 [ 1.22 be 1.39a [ 1.19 ab ]
Reg:Gg:By;  121hbc 1.05 bc 1.17 ab
Bioo 1.28 bc - 13% 1.03 be
o —
1.30 b 1.13 b
cw | )1 29%
i T
FL (L.72a ] 1.12b | 1.23a
Dark 0.66 d 0.40d 0.37d
A% ) * Xk
B(F+ ) n.s
A*B N.S

Means followed by the different letters in each column are significantly different at 5% level by LSD Test. (n=5)



3 kIR B b%p@,xo,kwpw”ﬂm“ 5 DPPH i# 5 2§ 5

DPPH ,% x(Vit. E_mg-g?)
Light quality E it 3% ’;f L 5x it (=&
Ry [ 0.046b ) 49Y(0.048D0) 0.041c )
Rg:By; | 0.046 b 0.048 b 045 b
B1oo 0.036 ¢ 0.043 ¢ 0.042 ¢
CW 0.045 b 0.047 b 0.045 b
FL 0.045 b 0.045 b 0.043 b
Dark  \.0.0483 / \.0.0503 / _0.047a
A(Jo %ﬁ’) *x
B(p* ) *
A*B *

Means followed by the different letters in each column are significantly different at 5% level by LSD Test. (n=5)
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Bar= 15 cm 0.8

F'I a.
£ LI :
o
=
(@)
= 0.4
2
(<)
=
@
L 02
LL
> 0 ulmol 50 L;mol 75 ulmol 100 Iumol
1 Treatment
Ta TR
8
E. 6 10 T b o k& 'E'_ (0~100 umolm2st) j"l‘!t r’g '_%":'J' ",]’:: 'l;] %
2 , “ . ,
: L FHE LT HELE
<
: e 50 umolm=st 12 F ¥ kg
2 < N
¥ Rk 2 )
’ Oulmol 50 L;mol 75 L;mol 100 Iumol 2T HUU S N 42@0

Yiarelengih [nm
Treatment tiavelength [nm)



L g 20 B
Treatments -7 % N2 B R4
(ppm) (gallic acid, ppm) (%)
0 1.49 b 81.75b 4.36 b
50 5.0la 108.75a 6.74 a
73 h.66a 112.04 a 6.96 a
100 6.08a 105.96a 4.38 b
Treatments 7 Kf DPPH = CAT A E IS
(Vit . Emg g?) (Units/g)* (%)
0 0.34 a 2.96 C 18 a
50 0.24 Db 3.98Db 17 a
73 0.22 b 3.95b 16 a
100 0.25D 5.16 a 16 a

Means followed by the different letters in each column are significantly different at 5% level by LSD Test.
* 1 Unit €% & 1 nmol H,0O, consumed min-t 201
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05 12 =y
0.5 OLED 1.1 ) . _ 45
Z 05- T I WW (RyiG6:Bg) |74 R
D (R 'G.:B:ER ) a0 =35 100
& 04- 71-~18-~11- 14 &£ 087 -
‘ti;‘_l,_'-:_"- E0~7' E 3
g 03- 31.85 Eg? 72,73 £25 75.46
e 0254 _ bg Vo0 . i
= 02 Wm- = 04+ 5 %15 Wm-2
.“:I‘ . s 903‘ - 5 .
;”1 t =021 T é :
0.05 g 0.1- 0.5
. : 0
:.; ' 1 ' ) ) ' ' 1 1 O 1 1 1 1 1 [ - [ 1 [ [
350 400 450 SO0 550 600 650 WO TN 8N 59 400 430 500 50600 63&%1323}1 [Zf’n(; 00 350 400 450 500 550 600 650 700 750 800
Wavelangth [nm) Wavelength [nm]
3.25 f
| R71:Gg:B -
275 . . 3 B
el 71 18 11 0 100
92257 & e 68.25
o o e, -
E s 73.54 55,5- Wm2
£ 15 Wm~2 I
4 1,25+ il
E | = 24
=]
§0.75 2151
B 05 : = I
0.25- A 0.5-
0 1 [] v I‘E 1 [ 1 ] 1 ] D [ ] []
359 400 450 500 550 600 650 700 750 800 :.5';1 400 4':12! 500 550 t:-DD 650 '?CI =0 8l
Wavelength [nm] Wavelength [nm)]

50 umol m=s1,12/12 hrs, 25/18 °C, CO, 1200 ppm, * i+ 5 =
18400 -plant/m? 203



| OLED R70:G18:B12

Bar=15cm

204



PEATHESET 2 L2 BT

31 # £ /10 plants (g) % (cm)
OLED 0.74 a 129b
R70:G15:B15 0.75a 10.5d
WW 0.77 a 114 c
Ryo, 0.82a 135 a
By, 0.67 b 12.3 b

Means followed by the different letters in each column are significantly different at 5%
level by LSD Test. (n=5)
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\\\

PELTHEYE LS A2 B

fe 2
(mgg™) (mgg™) (mg g—l)
OLED 0.47 a 0.14 a 0.19 a
R.0:G15:B15 0.48 a 0.15a 0.19a
WW 0.44 b 0.13 b 0.18 a
R10 0.42 c 0.12 b 0.16 ¢
B1oo 0.42c 0.12 b 0.17 b

Means followed by the different letters in each column are significantly different at 5% level

by LSD Test. (n=5) 206



82 43R
R

(w,

3Pk EE Y E YA

i B B R A
o |

(mg g?) (mgg?) (Vit. E_mg-g?)

OLED 0.011b 0.053 b 0.12 a

R-0:G15:By5 0.014 b 0.068 a 0.14 a

WW 0.013 b 0.049 b 0.10 b

R.00 0.014 b 0.048 b 0.12 a

B o 0.032 a 0.032 C 0.13 a

Means followed by the different letters in each column are significantly different at 5% level

by LSD Test. (n=5)
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R a» w =~ el [ VU v ;2‘
2R RTHEYET I C 4 2R
DPPH i 5 7R R

el J2
(Vit. E mg-g') (Vit. E_mg-g?)
OLED 0.048 a 0.067 a
R-0:Gg:By, 0.047 a 0.060 a
WW 0.047 a 0.060 a
s 0.046 b 0.057 b
B.oo 0.048 a 0.056 b

Means followed by the different letters in each column are significantly different at 5% level

by LSD Test. (n=5) 208



EY PY Price/
EY PY J J e/
L (mg_V|t_ (mg_vr[, Electricity
(kWh) — (@/mol)  “Epiumy  E/mol)  Feer
Ry, | 44482a 11419a 2135a 548a  43.69

Rg7:B13 396.36 b 101.83a 19.03a 4,91 b 38.93
Rgy:G0:Byg  372.13cC 95.89a 17.86a 4.60 c 36.55

B.oo 330.59d 85.12b 1422b  3.61d 3247

CW 24751e  9586a 11.63b  447c 2431

FL 19847e  63.8lc  9.33¢ 3.01e  19.49
*éf;:'wx FEL T R B2 55-/160g

% E R 35 A 209



P ERFEHE ETE R B

EY, PYp Price
gy gy (T (Ol

OLED 61667a 10911b 29.60a 524a 16151
Ri:Gie:Br, 273.69b 11058b 12.86c  520a 7168
WW  280.99b 11353b 1321b 534a  73.59
Rio  299.23b 120.90a 1376b 556a  78.37
Biwo | 24449c 9879c 1174c 474b  64.03

“HEE AR G
?%"*Mﬁ}i? 3 5=

1‘}75 o %4 Y 110+/1209

—;—r

210



Four bioactive compounds of
'}4"4? ?: gj %’Z(Wedelia chinensis)

Wedelia chinensis (Osbeck) Merr. (100 Q)
| EtOH extraction

EtOH extract

I Hot H.O wash and EtOAc partition

EtOAc fraction H,O ;raction

CHCI, subfraction H,O subfraction
Silica gel separation

12 subfraction
HPLC purification

T i I "

Apigenin

Otherinactive Indole-3-carboxyaldehyde [Wedelolactone Luteolin

compounds

ICA Wed. Lut. Api.
F. M. Lin, et al. (2007) Carcinogenesis, 28(12), 2521-2529.
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% = % & (Wedelia chinensis)
Three bloactlve compounds

Wedelolactone L_uteolin Apigenin
(Wed.) (Lut.) (Apl.)
I 9H 5 A B REER Frics

0 OH

HO ° O s
HO 0
HO ‘ O\ O O\ ‘ |
HO OH O

F. M. Lin, et al. (2007) Carcinogenesis, 28(12), 2521-2529.
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* % (Wedelia chinensis) 0= fa =t 4 * #f4
I(inhibit) # 7 s (prostatic cancer) n*e 4

% of Inhibition
3

*

Dose-dependent

* %

0.25
0.25
6.25
1.25

14
1.25

F. M. Lin, et al. (2007) Carcinogenesis, 28(12), 2521-2529.
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P 5+UV ~ Bluek

%07
m 0.6
i
2 o
£ o
2 01
0 m_l
Wed. Lut. Api.
_J=! 0.05 0.14 0.22
1+9R 0.02 0.04 0.24
1BSR 0.02 0.04 0.19
= 3B6R 0 0.06 0.24
m 8B1R 0.04 0.02 0.35 |
m [ +UVA 0 0.08 |

Fang, W.. (2017) unpublished data
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1.2
s 1
% 0.8
§ 0.6
| .
= 04
2
5 02
3
— O |
Wed. Lut. Api.
m (=R 0 Whitelight@highT
® [ /UVA(E0m 0 0.7 0.26 White+UVA@highT
5 0 0.49 0.48 | Whitelight
i ite+
1/UVA 0 0.08 055 | YWhiterUVA

Fang, W.. (2017) unpublished data



D

i

v

?g 1.5

;§ 1

f 0.5

§ 0 .

i Wed. Lut. Api.
m—RE—X 0.03 1.82 0.67
m iR 0.27 | 1.39 0.79

Fang, W.. (2017) unpublished data
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Photoperiod

03

Irradiance
Ozone

< /4 A

: Nutrient solution

Biomass decrease I

Phytochemicals increase

concentration x fresh mass x cropping density /duration
- ug/g x g/plant x no. of plants/m? = pg/m?/year

Temperature
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150 umol m~2s1,16/8 hrs, 25/20 °C, CO, 1200 ppm, DAS = 42

e




o

|

1
Hd A ik

5/7/2020




& AC TAC AY
(9) (mg g?t) (mg/plant) (mg m=)

RIBY (1012@) (0.024b | 243a  74.36
Ry,:By, 786b 0026b 202b  61.81
R,:Bs | 405d  |0.046a 1.86c  56.91

CW  658c | 0017c 1.12d  34.27

Means followed by the different letters in each column are significantly different at
5% level by LSD Test. (only FW, n=20; others, n=5). 221



Re:B,, 1.17b  0.34b  3.49  0.44b 8.41b
Reo:Bs, 1.31a 049a 274 050a 11.80a
R,Bg 1.18b  036b 335 045ab  9.87ab

[ cw 104c  029h 365 038c  837h |

Means followed by the different letters in each column are significantly different at
5% level by LSD Test. (n=5) 222
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% F B HE IR (% 3 LED %3R)

166.6 Wm-2

‘ 0.000004

4

E

3 2 O
"

¥

000009 4
— el
s "= 00
L L3

104.0 Wm2

5/7/2020 ¥ » 224




TR T T ETEY

3% Fa 5 ¥ u |
DAS 0-6 DAS 7-20 DAS 21-42
1A 1 week 2-3 week 4 week 5 week 6 week
N1 E12 150 | NI E1.2 L150_ N1 E1.2 L150_
Pd667 H24 A20 | Pd140 H16_A20/18 Pd30_H16_A20/18
SR6
SR5SB1
SR4SB2
SR3SB3
SB6
CW (CK) CW LED (R,4:Ggy:Bgp )

Nx: N&jgp>  NL: S~#E%p> cE CEARTER XTEARAE > H = mScm? -

L, - LAd LED%E® »xk& > Ei=iumolm2st-H, @ HE ZpFfc, x| > Eix @ -
LoPdx :d¥ %R »x %A » H = ! pltsm? -

AdT/InT : AZ=z g B R »dTInT p B/RE - HEi=:°C> - % i 7 £ : 1200 £ 100 ppm 295



SR5SB1 SR4SB2 SR3SB3

Bar=15 cm



Ak He R EHELTF R P

Anthocyanin content

FW

Treatment AC TAC
GPlanY — (mg-g (mg/plant)

SR6 108.3a 0.024 ¢ 256 b
(SRGSBI|  87.8b 0.045 a . 395a |

SR4SB2 88.7 b 0.038 b 3.34 b

SR3SB3 70.1 ¢ 0.036 ab 254 ¢

SB6 43.2d 0.045 ab 1.93 d

CW 65.8 C 0.017d 112 e




Pl kP HERFEESFS LS

Treatment — =
40.6
SR6 109.01 a
SR5SB1 | “3540)
SR4SB?2 72.14 b
Owen and Lopez
SR3SB3 S 79.12 b
SB6 70.72 b

CW | o 108.98 a

W SR6 & CW £

" CW&SR6
S s




kA HiHE BRI piRl B0

Quantitative indicator

Treatment gy EY, PY PY, OPE
(g/kWh) (mg/kWh) (g-mol=) (mg-mol) (mol/kWh)

[ SR6 | [43.65a | 1.00b [1572a | 0.36¢ 276 ¢

SR5SB1| 36.63b [163a | 12.73b [057a | 2.88d

SR4SB2 38.67b 1.45b  12.87b  0.48b 3.00

SR3SB3 31.98c¢ 116c¢c  10.17c 0.37c 3.14 b

SB6  20.20d 090d 627d  0.28d 3.22 b

(cw ] 3713b 063e  955¢ 016e | 388a |

Means followed by the different letters in each column are significantly different at 5% level

by LSD Test. (n=5) 229



~ 2 - > NG 4 “'J,.J’b“ / .‘—, M "\’/"
ek R R B E IR 2R

Treatment rEY rEY, rPY PYx
SR6 1.18 1.59 1.65 2.25

| SR5SBL 099 259 133 356
SR4SB1 1.04 2.30 1.35 3.00
SR3SB3 0.86 1.84 1.06 2.31
SB6 0.54 1.43 0.66 1.75
CW 1.00 1.00 1.00 1.00

SR5SB1 ¥ 4~ %] 5 2.59 &2 3.56

T ARG FT RET A0 (& CWApt)
B 13 17 OPE lﬂ4b§”i’%mi)§:1J A




2

VA S RFEE] |

ttee ON

(.5 JPFA Research Commi .
Productivit Improvement of Plant Factor with Artificial LI
uction cost/kg of

Resource consumption and prod
leaf lettuce by compon

ents in selected PFALs in Japan

f’_,_————/_’_’_—\
B REs e Cost

Resources applied productivity . (uUss/kg) |

Electric energy 0.11 — 0.14 kg/kWh 1.09 -1.28

F Labor hours 7.7 —10.0 kg/h 1.18 - 1.63
| Cultivation area (per day) | 0-25-0.33 kg/m?/d 1.28 - 1.72
1.00 - 1.36

P Otherresources @ i iiinissesssss
Total cost (USS/kg)| 4.55-5.99

Source: Kozai. T., Uraisami. K., Kai. K., Ha i

_ Koz 5 S . K., Hayashi. E. (2019) Some T ivi

TR L L ) houghts (in Productivity Indexes of Plant Factory
2Q ‘

231
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£ 125
£85 % R

« HdA#TRE RS F PCAWMD
-—ﬁi%?¢#ﬁ ‘X H R T AL KRR

« EpH e BEE 4 F DPI(KWhd!m?)
— PCA x & BB #c/ 1000

c HHRiESF 7 BPEREZ R R H AR EKTPI (KWh/plant)
— DPIx£r /i A

OTPI =TPI (3468 )+ TPl (7 w )+ TPI (7 = #p)

EY (g/kWh)= ¥ kg £ FW (g/plant) / OTPI (kWh/plant)

EY, (Mmg/kWh)=] & % # € (mg/plant) / OTPI (kWh/plant)

EY,(mg/kWh)=X kg i 4 (Vit.E_mg/plant) / OTPI (kWh/plant)

233




% 3+ A e (Photon Yield, PY)

® » @ (] [ ) = = = \*

[ @ #is: P 2 2 y 2
NEREES T X X X X X .
® e PY .. ® oy 2 Ay ANE AN W AN g Y. AF g A
P « p %Ak E DLI(mol day!m?)

B — PPFD (400-700 nm, PAR)

« HEBEFLTRHIRBREE2ZBRHEE TLI (mol/plant)
— DLIXEE x#/fEHPR 2R

OTLI=TLI (348 )+ TLI (¥ & #)+ TLI (¥ = #)

PY(gmol?t) = B k@ £ FW (g) / OTLI (mol/plant)
PY,(mgmol)=¥ $x 5 % # € (mg/plant) / OTLI (mol/plant)

PYp(mgmolt)=H $k4#wg i 2 (Vit.E_mg/plant) / OTPI (kWh/plant) 234




2 - dp fhoue 0

Overall Photon Efficiency

=\ 7 I ™\ /7

B 1 (~/9)
,;k_\: ;E%, 1’\ EHEYy 0.9
FEEY 0.9
By 0.3
BB 1.0
& M 15.0 e 7% ﬁ
R 7.2 b
fﬁig%) 2.0 P RHLE fan
BETFWRE 1.3
k (O.J “TKVVIT] /
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140

120
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60

k3 & v (PY, g/mol)

20

+ =% 5 R100

+ =% 7 OLED
¥ § % R87:B13

Q 4 5 R100

100 200 300 400 500 600 700 800

% 4 A& i (EY, g/kWh) 236



AIe R B S e T g Rt 2 B8
S

| = |
2
AL #E CW/
20 L = #SR5SB1 3 a % CW
a_—
> #E CW
E55 1
(@)
> ()
al
N’ 10 B
=
Ly
v 5 ZFE CW
e . = B CW
O | | | |
0 20 40 6 80 100

0
74 A& (EY, g/lkWh)



4R
=

AR R o T A e LA -
NI
EY PY
B3 PCA =EEE HEEELL
A (g/kWh)  (g/mol)
(W-m~)

HHEEL OLED 15.8 617 109 231 7.3
=HEZ R100 35.8 299 121 112 3.5
e R100 72.7 445 114 56 1.8
e H Rg7:B1s 71.5 396 102 50 1.6
= R(sEas R100 70.6 102 49 38 1.2
R OLED 31.8 218 48 82 2.6
= finze CW 218.18 21 9 63 2.0
BRAREE CW 185.14 75 17 32 1.0
AR EE CW 185.14 37 10 15 0.5
PEEHE CW 185.14 57 13 24 0.8
#I#%=E SR5SB1  126.39 37 13 31 1.0
N TIREE CW 185.14 76 17 32 1.0
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X o~ g L= 27,/ 2N - . y:
Ll i B R AR o AV T

=
EY PY
e YL =8 HAYEELL
(g/kwh)  (g/mol)

(IS BIO NK 134 30 50 2.3

HiEES L1 57 13 16 0.7
JZH0E  BIO NK 70 16 26 1.2
) anie = NENAN| 76 17 22 1.0
R %5k BIO NK 17 4 6 0.3
FsE W 75 17 21 1.0
mRsr  (RFRECTT 49 11 28 1.3
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Lighting-up Eco-friendly Dream

for present and future generation.
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PFAL can make us richer, smarter,
greener, healthier, and happier.
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