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Plant Factory

~o
The Future Farming
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' Why Plant Factory ’

AT %;;tg 5 jj_-f;ls'# B

2015 7.3 Billion people, ~50%
v
2050 9.7 Billion people, 709§
i 5 &% 2 food security / safety
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Why Plant Factory ’
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lobal trends favor the <
development of PFAL

— Globalization

— Global warming, extreme weather

— Growing population and Urbanization

— Limited resources, such as farm land, fresh water, etc.
— Polluted air, land and water

— Consumer awareness
» on Food Security / Food Safety
 on Carbon Footprint / Food Mileage

— Growing of ABC (Al, Big data, Cloud computing)
intelligent embedded
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. !1aces suitable to develop PFAL

— Places with high population density/high income

PLUS locations

— too hot / too cold to grow vegetables

— with too little rain, such as South CA

— with shortage of fresh water, such as middle East

— with cheap electricity fee, such as middle East

— relied on import of agricultural products, such as SG
— with lots of unused buildings/factories/basements

— with little farm land, such as SG, HK

S,
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PF, VF, and more
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EU : City Farm, Urban Agriculture, Vertical Farm

US : Vertical Farm, Indoor Agriculture
Asia : Plant Factory with Artificial Lights (PFAL)
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'arious terms converged into ONE

PF, PFAL C

VF, VFAL

Urban Agriculture

Urban Horticulture > E
Indoor Agriculture

Indoor Horticulture

City Farm A

Smart Farm

Mﬁm 55T
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rolled Environment Agriculture (CEA)

Greenhouse: Plant Factory with
sunlight and/or supplemental light

Open field
=l
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< 3 kg/m?/year
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rolled Environment Agriculture (CEA)

Greenhouse: Plant Factory with ~ Plant Factory/Vertical Farm

sunlight and/or supplemental light with Artificial Lighting
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Closed: PFAL

’



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



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

r - Closed: PFAL A
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th Iayers > 300 kg/mzlyear

More than 100 tImes compare with open field production
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20 ft. container with
thermally insulated walls

ef history of PFAL in Taiwan (1/3)

'\NTU

National Taiwan University
supported by NSF, ROC

First PFAL

related research
1993
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’5‘- SOP bhased CEA

|_ess risk / Little stress
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Can PFAL make us
richer, smarter,
greener, healthier,

. and happiler?
V- % ?dn T ()



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

L e
‘Bﬁef history of PFAL in Taiwan (2/3)

1996 '\NTU

LED related
research

Pulse light with adjustable intensity,

duty ratio, frequency '\C -
entra

Taiwan

» PF_AL for tissue culture and for
Phalaenopsis seedling production with
movable light was developed in 2001,

» Two stories building with 7 layers each.
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W 27 spectra of LED light sources ‘
were developed for TC and PF applications
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tory of PFAL In TaiWaﬁ (3/5 ;.

~ Abrief his

Public attention of
PFAL for the first time :

2010 Taipei Floral Expo

 booth of PF: 8 m x50 m
e duration: one month,
8:00~21:00
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iy
Extension (step 1/4)

Demo facility 2z 582

* 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

* More than 2800 visitors ‘up to now

S
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Extension (step 2/4)

LI L2 ng B

2011
Takatsuji
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' Extension (step 3/4)
PE R

— 2010, 54 hrs credit based course per semester (2 /yr)
— 2011~2016, 30 hrs Once per semester (2 /yr)
— 2016~now, 16 hrs Once per season (4 /yr)

— Totally, more than 700 people were trained
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. éxtension (step 4/4)

d A

IR E Partners and Interested Parties
1 Research and educational institutions
O Governments NGOs
1 Real estate developers and builders
 Construction companies TPFIDA
d HVAC industry
Q Electronics industry CPFA

O Supermarkets
] Restaurants

O Institutional food services (hospitals, schools, etc.)
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s ORGA
BIOLOGIQUE

= | 2011: 199 NT$/142 g
B 2012: 249 NT$/142 g

2013: 288 NT$/142 g

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

= e . | 2016: 288 NT$/142 g
AL HITEAD 3-- BIOLOGIGU R =t

‘ ORGA qtysuper Romaine MIX
BIOLOGIQUE MELANGE de Romaine O

Spinach ‘ e ') v NT$/g
Epmards ' 2

T 1.75 NTS/g
1.4 NTS/g
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us
HK
)
uUsS
us
HK
HK
uUs
AU
AU

Fresumarr | C1TY'SUper

Unit price

HK$/30 g by iVeggie)

7/11
Wellcome
FreshMart
Wellcome
CitySuper
Wellcome
FreshMart
FreshMart
Wellcome
FreshMart
Wellcome

%“ ( yUF)
'=3

®

( 2 HK$/142g)
% TR
inid ~ E L F (by UF)

BB B - % X4 F(by UF)

L% (15.9/125 @)

53.3
48.9
45
44.9
43.7
34.9
40
30
27.9
21

12.72

wellcome
.t w/zmd{mc

NT$/g

(1:4.167)
price of
Imported

2.03
1.87
1.87
1.82
1.41
1.67
1.25
1.12
0.87

0.53 « price at
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.How big Is the market in Talwan

* Local for Local
* 1 % of population (0.23 million)
» 200 g of leafy greens per day per person

« = 460 PFALSs with
daily production of
1000 plants@100 gFW per plant

.
A% N —
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Vegetables COnsumption per person per day

South Korea 578 ¢

Spain 392 ¢g

France 389 g

USA 3379

Japan 285 Q
Singapore 260 g (95 kglyr)

Australia 255 ¢

. UK 249 g
The Netherland / Taiwan 200 g (73 kglyr)

* ) 2390801
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.what IS the present status In Taiwan

* Target
— required 200 g of leafy greens per day per person
— for 1% of population in Taiwan

e Current status

— Daily sum of 2000 tons at full capacity for the
nearly 100 PFALSs in Taiwan

— It is only 0.125% of the amount needed.
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Future for PFAL industry?

Very Promising due to ..
* Increasing profit

— price increase for value added cro

s e

 Traditional crops: fE3Z ~ TR 32
+ Value added crops: Fk} ~ HEHF - B « 7R
* Reducing cost

— fixed cost to build a PFAL system© dramatically

— operating cost drops a lot due to efficie case of

LEDs, AC, thermally insulated materials

-2 |
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PFALIVertical Farm booming worldwide

4 Japan, Taiwan, USA, China:
The increasing number of commercial PFALs.
Operated Farms increasing in the US since 2013.
4 Europe: Greenhouse > PFAL
> A leap from conventional farming to PFAL
> Nursery = PFAL
» Bio pharmaceutical PMPs = PFAL
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Global PFALs -- Japan
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F_ - TEENSESETYY p—
ALS In Kashiwa-no-ha town

of different sizes for different purposes
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Nisshinbo

Strawberry
Business Model
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P TI——
sonic Japan + Singapore

Hydroponic + Solil
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m W
e Iargest PFAL in Japan built in 2006

producmg 23,000 leaf greens daily
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KAJIMA
CORPORATION

Agriculture

Cultivationenvitronment  air supply Exhaust [m/s] Air supply Exhaust ['C]

simulation

Coa G s s:
cmonovnomnouns

I 2
HH-— 28

——

LR

Temperature distribution
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KAJIMA's Engineering Approach

-3 Lighting heat/ #)-(5) Photosynthetic/

1) Air resistance of plants
= Plant temperature > Transpiration

Wind spee Temperature CO2 humidity
d|stnbut|on distribution distribution

Computational Fluid Dynamics = =

/ Cultivationenvitronment Alrsupply Exhaust [m/s]  Air supply Exhaust [°Ch
simulation — 50

"H r-
-

Display cross sectuo ‘ | ’

k Wind speed distribution

co=—=rr
owmowmonm
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Global PFALs -- Netherland
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Opening facility HTC7

8 climate rooms, each wi
-4 growth layers

540 production modules
and 6624 research modu

! | A ' Total growing surface of 2

: || ::; :
1 - 97 light recipes can be
. tnaled per round

A PFAL 1~5 people
GHAL 70 people
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here & Everywhere Cofp.
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PlantLab Corp.
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PlantLab
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VIVl “Greenhouse in a Bag”
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UNIFARM, Wageningen UR
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THE LIGHTING ISSUE!

. LEQ MARCELS, omecTon oF HosmcuuTuse AT v mm;mm
NNLRS'TY determining the benefits of LEDs artts P20
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LED 1t Be Project

U

Research Project
on LED Lightings
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Global PFALs -- USA
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Plant Factory In USA

T History of
iz o VI NASA’s R&D
1990s

Advanced LSS

© Bio-regenerative LSS
Controlled ecological LSS
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s
'rqfarmedHere, Chicago, USA

http://vme.gizmag.com/frmedhere-vertical-farm-west-
' louisville-foodport/41569/
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ﬂ
GreenSenseFarms
(Indiana, USA)

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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Illumitex, (Texas, USA)
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Urban Produce (CA, USA)

Gid

oRGANIo

MICROGREENS
Hot Mama’
RADISH BLEND

LOCALLY GROWN

Broccoli
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- Local Roots Farms (CA, USA)
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Apple
Sustainable Life Style

112
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Apple Campus 2:
The Earth as Spaceship
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Apple campus 2

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? Yield: 1.5td? 7 Billion RMB for plant factory
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Floor area: 30000 m?
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AeroFarms, Newark, NJ, USA

% 51 » % FAeroFarms 2 @ L ek ML LT 0 “F 827
BERN g atid "I REFIR hT ETRERS -
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eroFarms (GSR Capital) will
construct vertical farming in Beijing,
Guangzhou, Shenzhen, Hangzhou for
producing vegetables and herbs.
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ShenZhen

5 R R FPH
Ik T 5 +LED % B
FE oG 3000 m?
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o FRET XA
GE LED *#
HortiMax # Z&¥r+#41] % st
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PR A
56 o 5 12
AR TR AR
FA T 315?*%]%\7—

* % R £ A US installation
e F®EiEv X US imported LED light
LED light (GE)

Nutrient control system (HortiMax)
Seeding machine p #*4%f&1%
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¥ Panasonic

FAL 5‘ #* ;’i& ’F‘i% soilless media

— 2 factories in China (F&™M Ry ~ =~ it )

— 1 1n Singapore

&% media

— % %4z (non-recycle)
— i v (imported)

= A% (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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- Turnkey Provided by Taiwan
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\ege-Powder solves the pH balancing problem
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-~ Y,
solves the constlpatlon problem‘
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Blog = Book

« Story to tell / Experience to share

« Green Latte (% £ 48) brings ==
— Green Touch % g & ¢
— Green Magic % & 2
— Green Miracle % 5 B

— Green Popular i *z
— Green Practice % % p
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1. 7Rk vA
—Qyster leaf (Mertensia maritima) # k¥

—lce plant 1=
— 20 US$ (600 NT$)/50 g in Taiwan

'.
Vs>
e .
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Vit.K, B-carotene
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"Ice Plant in night club
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Bartenders learn from skillful flower arrangement teacher
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Bartending trick: "% &
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T-E %5 Violet (gillyflower)
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3. Functional plants % |4 iT47
— &%
Fa AL ahe g RE
High® Cai4r, Fed, Zn4x, Vit. C, Vit. B,

Low < potassium4®, sodium4p,
Low < nitrate 7" f& 3, nitrite &y &' pé
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ology of medicine and food

A= A

& 7 [k

Less < Angiogenesis » More

= b
Vitamin E

| I Captopril
Lenalidomide
Tea
Turmeric
Glucosamine
Green tea
Lavender
| Pravastatin
| Dexamethasone
Cltrus 1
Citrus 2

Bl Cancer drugs
Common drugs
& Dietary factors

I

80 100
: William Li, TED 2010
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IXBEmThImFIR

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

® Bio-pharmaceutical medicine
1500
1000 I I ‘

2010 2011 2012 2013 2014 2015

) ‘L& Lk

1.1
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- Alkaloids 4 ¥,
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Effects
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active compounds 0
+ 1 8 % (Wedelia chinensis)

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

EtOH extract
| Hot H,O wash and EtOAc partition

EtOAc fraction H.,O fraction
Phge” CHCI,-H,O partition

CHCI, subfraction H,O subfraction
Silica gel separation

12 subfraction
HPLC purification

; l
H
v v

Otherinactive Indole-3-carboxyaldehyde |[Wedelolactone Luteolin Apigenin
compounds

Wed. Lut. Api.

F. M. Lin, et al. (2007) Carcinogenesis, 28(12), 2521-2529.
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Wedelolactone L_uteolin Apigenin
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F. M. Lin, et al. (2007) Carcinogenesis, 28(12), 2521-2529.
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% of Inhibition

- 1= & % (Wedelia chinensis) = f& =t 4 * #4
#e 77 4] (Inhibit) = 7] BﬁUE'P (prostatic cancer) ¥ 4 &
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Dose-dependent
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Wed. Lut. Api.
mH 0.05 0.14 0.22
M []+9R 0.02 0.04 0.24
1B8R 0.02 0.04 0.19
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1.2

~ White light@highT
0.26 White+UVA@highT

Z 1
% 0.8
= 06
=
= 04
X
3 0.2
3
= 0
Wed. Lut. Api.
B [/UVA(S:B 0 0.7
0 0.49
0 0.08

048 1 WE!te light
I +
0.55 White+UVA

Fang, W.. (2017) unpublished data
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- Wed Lut. Api.
1.82 0.67
1.39 0.79

Fang, W.. (2017) unpublished data
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Irradiance

Ozone

. Nutrient solution
Biomass decrease I
Phytochemicals increase

concentratic!5x4resh Mmass X croppinaensity /duratig
- ug/g x g/plant x no. of plants/m?* = pg/m?/year

Temperature
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PFAL can make us richer, smarter,
greener, healthier, and happier.
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