-

kR

u;
0

Np oR B T oF B W T RT AR o]
Mo o %o B %O TGP T T G RO
H%%ﬁ%%%%ﬂﬂ%

T -

o]

N
70
ﬂ.o

ol =}
o

Z

"
"
"
"
"
"
"
"
”
"
"

=
A T

A

-
s

==z

-T-
==
-T-

2013. 4. 19.



WA 8ok

= | " mﬂ 9w ma o
e =T | 845 % |83 &
— S S X2 S S X2 N
= PS8 I8FS -
UJM TR RS> = S A== -
w o RN IR < N I
J e A A ™
of "N T "N T ! %_ .
il o = — ! o Wm
- Wa oo ! W_ = muv 5 T
T N | X To B ~
JI ‘Nx_ Eﬁ = g _io JI N HL
B 5 | B B o 5 | o
G| A <] % wﬂ
S8 | % | g % | m m W | B P [ %o | B
RER ¢ o oo o © o © @ o
m B munp _:A L._O . T T B .f.l M.I —
= o | g BT Mo I T T
S P Wl YEg | YEg | &
ﬂ_mc
N
ﬂ LlL —_ —~
o I
NI G R 17| T o !
do - ‘| ga TE | oy g TE | AR
Ao 3 B! 3’ ~ T+
Ho BT M
B o ..
W il MM W W o B . o
~ nDV L 63 W ol ®m | mo )
B = i ~X —_ - No —_
e N S G o % N
X = =
H ZTO ~ ‘U—Hl ~ HArO @:L
o O Ho ﬂAl K Bo - e
= 3" = oF T
ovm c3 =y w W ﬂm .
= i+ i+ i+ -
w 7! 7 B oA | |

o

K

i

A8 Abdlel thEk A

ul
=

A AR 225

)

Ho

il
o)

=
7K

—_

0

"
ol
i

Nk
M
mﬂ
jang

3

R

+

N
K

o

o

A of

ESPR, TRVSYS, WINDOW, RADIANCE, MIDAS

@l
N

Jjo

B
ol

N

=N
[)

il
=

I3
=

]

]

A

A &4 A

<3
=

o

o] &, KAIST®] t}¢

yB s otel A

best (3

7171 B ] ol

>
b
. .m
< | f
< @
Jp g 8
~ £ 5
S O
o g2
X) ~ ) m
= B0 o 9
= o
= Mr =
- D]
I SR!
X~ | B
o = £
=S
B o W
o o
| g S
S ARE
,@ < g ©
PRl g s
3 S5
=}
o 3
< £ g
M By
>
B
@)
i )
e Bo




al7)
o

o

A =

AFALY BH % Hay

.

TF 27FA 9

|

0

o]/
HH

ABE 87l

[e)
T

ol
=

27] % 2]

d)e

S 71 =
F AT

o
il

ol

el

il

& ) 7}

1]

o

Tt Bobs

TR

M

ofpy

N

A= 7]

e

O A

!

2]

L=
==

el

Gl

of Fx¥1E gr1doz F MY AufEads -2 F

AFAL) g L ¥

Im.

o
ZO

7

X

o=

L
™o

Ho
0

"o

i
—_

N

o
i

pace]

oH

o)

0

_50
N

mK

A7t 7

a4

2~ "l
1

A&

Ho

s
ToR

"

N

o
No
®

IR R

1l A

9|

ol
=

o Wrd= Adm, =4

p==
[¢}

| $etn %4

EEEE IR

t:yl,

7 ol

el

Lo 7 AR A<l Mechanical Fuse T-F A~ A7

J
H

X

M
M

o

7% 2], §

o %

i

)
A
S
1o

el

i

=3
0

il

=K

Bl

"

—_
fite)

i
Nd

)

—_—
fite)

Mo
Ho

—
™o

A" T

wK

Ho



oF 7le7|x*

=]

5

o]

AA

ol E

ol E
< gl

=

H| A]

Far, Al

[<]

e

9

8] 52 22gle] A7

=K
i
Ho
B
olo
ol
B
I~
o
oF
i
jang

i
K
ol

p—

0
N
Ho

<M

0 4 9T #A

o T
0 m_x

&o 1;0

N gy

Y
o il

1 3} o}

o

Tz AA

==
L

-
o

59
F7t 7t

o]
2

3Fo] Mechanical Fuse”}

S

p/]

s Abele] A e oy
SEER

}

9
T«

b\l oF 1.8690] ] =0

ol
WSS A B o R A uf e

shersie] ApAztele] Aw 17

h=]

ATNEdne) 843

3
o AAY B

- 209 LCC

V.

—_
fite)

=K

!

m_A.o
o
Fd
o}
0

i
il

ﬁo
B

A7l A 7N

A H

g

ki3

=
S

=)
<0
B

@)

1

i

&tol oA A

S

s

[e)

=

o7

i

o
pal

ol o

=
o

2l

el
TH

4
he

B/

!

s

A 2

-

2] 719 (527190

d3E vEgow

7N

171 &

A
=

o

o)
e

B!

)

N
o

p—

o
JJo

jpuzel

ToR

o

X
T

ol



SUMMARY

I. Research Subject

Development of a Self-sufficient Smart Greenhouse System for Urban Agriculture in

Chungcheong Province

II. Goals and Necessity of Research

O There are abnormal weather phenomena, farmland acreage decrease, population growth,
and problematic structure of food distribution all around the world. For this reason, it is
hard to reach a stable supply of agricultural products. Therefore, the new production

system is required.

O The concept of plant factory is introduced as an alternative for separating urban and
rural areas and low productivity of the existing greenhouse. However it hardly is
commercialized because of its high initial investment for artificial lights and operating

costs.

O A new type of plant factory keeping high productivity and reducing initial investment

and maintenance cost dramatically is demanded

O There hasn’t been laminating type of plant factory using only natural light, because It
is impossible to have multi-layer type structure using natural light only due to the

occurrence of shadow by the standing planting frames themselves.

O Therefore, in this study, our goal is making smart greenhouse which has high
productivity and minimized shadow through light shelves and reduce the initial

investment and maintenance costs through the use of natural light.

OI. Scope of Research

O Analyze domestic natural light environment and investigation of the shadow distribution

patterns of multi-layer facility

O Implementation of an automated system for growth-tray equipment and nutrient supply

facilities design that is suitable for the multilayer structure

O Design of a hybrid concrete floor imbedded type active thermal storage air-conditioning

system using solar heat and underground water as the heat source.

O Analyze greenhouse material which is easy to assemble and dissemble, durable for

heavy snow, and excellent for natural-light-control and insulation

O Design of a cost-effective mechanical fuse structure system through an engineering



approach to estimate the break-limit tension through the analysis of the tension

distribution of snow load and rafters with the roof slope angle as the center.

O Aim at expanding producible fruit plants through the analyzing the effect of
low-temperature to the growing process of strawberry and high-temperature needed in

the cold season, aiming at having a year-round strawberry harvest.

O Economic evaluation through the net income derived from an analysis of the sales,
initial investment, maintenance costs, and the amount of production compared with the

existing cultivation methods (open field, existing greenhouse, and existing plant factory)
IV. Research Outcome

O Light supply system implementation of a laminated high density cultivation utilizing

solar light only

- Structure of tracing sunlight by reflection panel on the upper light-shelves,

inducement-supply to spawning panel

O Implementation of nutrient supply and growth facility of laminated high density

cultivation

- The design of multilayer high—density cultivation facility which is possible to standardize
independent to distant nutrient supply, solves imbalance between supply nutrient by

tilting slope and adjusting tray unit, sponge-type circulation supply method
O Design for active thermal storage air—conditioning equipment

- Design of collection and supply system utilizing solar heat for getting and distributing
solar radiation into the indoor space. System tracing solar path, and heat supply
utilizing geothermal energy through horizontal soil heat exchanger and water as the

medium.
O Analysis of greenhouse material

- Design of mixed building skin and performance analysis through the analysis of light

transmittance and physical properties of PE film, LDPE film 2 type, and EVA film
O Structure of high-tech greenhouse

- Structural design to brush off the top of the rafters. upper rafters fixed on the ground
through broken Beam Mechanical Fuse by heavy snow. Estimation limit break tension

through calculation snow load and wind load
O Economic Evaluation

- Potential increase of net income gets approximately 1.869 times compared to the existing

plant factory through LCC analysis studied for 20 years



V. Utilization of the Research Outcome

O Ensuring core engineering technology for strengthening the market competitiveness
when participating companies join the self-sufficient type smart greenhouse system for

urban-agriculture in Chung—-nam area

O Development of new export industries and the creation of new industries in the field of
urban agriculture environmental technology through practical application and

commercialization of research results

O Realization with research results in industry and research institutions through the
securing of important engineering by implementing the elements of the technology

during the construction of the future smart greenhouse system

O Establishing consortium to utilize research result, and find the direction of development

of technology to reduce energy reflecting technical and market trends

O Fulfillment of verifying prototypes, experimental model, and test bed based on research

results with core technology from participating companies.

O Construction of facility, installation final product at test bed, overall performance
validation with participating company’s technology which has the ability to design and

construct high tech greenhouse test bed
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13 4.362
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15 3.250
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17 1.566
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TE(A) Iy (MJ/m?)
9 2.795
10 3.322
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Hourly Solar PPF(mol*m-2)

Holom FH3 2 AFo] 7t F3 el AAdE

AEHo)A H2E AT AAANLS PPF=21842X RAD 2 FA % ¢ on A3
Al 09432018 AF HAE A3 3] PPF=1.6595 X RAD 2 7337
T 09542 o2 A ¥QAQE U, g 2 A Fd 2 FYXEE dAS
PEER =51

Hourly Solar PPF(mol*m-2)

Hourly Solar Radiation(M)*m-2) Hourly Solar Radiation(MJ*m-2)

¥ 3-2-33. AR F A AR DA Rk 3T A (Eh AlgeelAl, ¢ASAEd)
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= RAD PPF

1: 49 10.8

17 2 51 11.2
3 5.3 116
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13 5 6.5 143
6 8.0 176

7 75 16.5
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9 8.0 176

10 6.1 134

11 5.5 121

i 2 3 4 s 6 7 & 9 1w 11 12 12 4.3 10.5
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¥ 3-5-1. Experimental Materials for Tensile Properties, Tear Propagation Strength and Free
Falling Dart

PE 0.05, 0.06, 0.1
LDPE 1 0.05, 0.06, 0.1
LDPE 2 0.05, 0.06, 0.1

EVA 0.06, 0.07, 0.1

¥ 3-5-2. Elongation by Films

45 345 18 956

0.05
PE 0.06 46 474.5 20 1056.2
0.1 32.5 730 22 987
0.05 28 366 20 1055.6
LDPE 1 0.06 25 535.6 21.2 984.4
0.1 28.5 628 23 1020.5
0.05 28.1 496.9 24 1002.5
LDPE 2 0.06 28.7 395.8 17.5 1023.7
0.1 28.5 731 21 1171
0.06 28.5 783.5 27.5 987.5
EVA 0.07 44 786 30.6 971.2
0.1 45.5 632 29.5 1015.5
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3 3-5-3. Tensile Strength

0.05 1.077 2.340 1.173 2.161

PE 0.06 1.059 2.149 1.078 2.022
0.1 0.970 1.947 0.997 1.837

0.05 1.074 2.401 0.957 1.979

LDPE 1 0.06 1.129 2.167 1.118 1.984
0.1 1.097 2.143 1.059 1.983

0.05 1.027 2.072 0.987 2.177

LDPE 2 0.06 1.098 .2.388 1.098 1.908
0.1 1.146 2.258 1.184 2.201

0.06 0.803 2.344 0.731 1.911

EVA 0.07 0.719 2.032 0.655 1.761
0.1 0.756 1.977 0.661 1.644

3 3-5-4. Tear Propagation Strength

0.05 101.001 98.587

PE 0.06 100.382 98.639
0.1 95.319 73.702

0.05 121.738 98.025

LDPE 1 0.06 101.353 84.818
0.1 101.192 82.490

0.05 99.867 79.495

LDPE 2 0.06 107.422 79.960
0.1 100.443 82.077

0.06 89.386 75.671

EVA 0.07 80.407 74.768
0.1 84.702 61.260
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4. Simulation
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13 3-6-11. Fuse 24t %=

XM, = Tx90.55mm X sin¢g — NX90.55mm X cosf = 0
XYM, = Nxsin(83.66— )< 90.55 < sin (83.66)
— N'X cos(83.66 — ) < (200 — 90.55 < cos (83.66))
+ T cos(173.66 — ¢) x (200 — 90.55 X cos (83.66))
— T'xsin(173.66 — ¢) X< 90.55 X sin (83.66 )+ W>< 100 =0
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19 3-7-1. Cold Storage Room in order to Low-Temperature

and Short-Photoperiod Treatment during a High-Temperature Season
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¥ 3-7-1. Effect of Low—Temperature and Short-Photoperiod Treatment on
Growth of ‘Sulhyang’ Strawberry(55days after Planting)

Petiole length Leaf length Width length
Treatment
(cm) (cm) (cm)
10T 5.7b 6.9b 6.2b
15T 7.8ab 8.4ab 7.6ab
20T 7.4ab 8.6ab 7.8ab
Control 8.7a 9.3a 8.4a

¥ 3-7-2. Effect of Low—Temperature and Short-Photoperiod Treatment on

Flowering rate of ‘Sulhyang’ Strawberry

Flowering rate after planting(%)

Treatment
55days 58days 62days

10T

15C

20T
Control

\\)

9 52
0 59 92
7 59 75
9 68 86
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100 - K10C Z 15 20
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O ¥ AT AgHE e AAgozA we A AMe Bast ga, o
Fot g nE W FFS Ba] YAF, ATF 452 FF 429
DEER

3E 3-8-3 AHEH = el o A

. D(rgy/;vlealngth)t Ory (n;f)tter T/R ratio Leaf color
Top Root Top Root FW ow Hue Saturation
HESe0 & 2.07a 0.374a 4.03a 5.15a 7.05ab 5.57a 112.25ab 42 .14b
M= 2.04a 0.326a 4.08a 5.13a 7.90a 6.36a 111.3% 40.93b
NALIES 1.87ab  0.368a 3.97a 5.34a 6.83b 5.17a 114.23a 46.04a
BHMEAS 1.73b 0.320a 3.61a 5.13a 7.84a 5.74a 111.86b 42.61b
LSD .05 0.26 0.079 0.52 1.06 0.95 1.64 2.04 2.45

NEXANRAF LD 7IE2H(EA ha) =ARAZF D A (A )

2001 124,854 5,098 27,655 1,316
2002 145,136 5,234 33,362 1,544
2003 153,372 5,383 36,932 1,611
2004 167,987 5,166 36,799 1,625
2005 136,882 4,281 30,130 1,329
2006 127,950 4,185 32,334 1,443
2007 130,793 4,005 24,006 1,079
2008 114,341 3,012 23,757 1,062
2009 124,277 4,213 21,784 1,074
2010 126,801 4,539 14,458 709
Bt 135,239.3 4,611.6 28,171.7 1,279.2

LA =A0 T 10 HH
o] A9 etz I 22025Kgo] A

H(m?) oz 32E A 7|E24L 293Kg/m?e] AAE 4] 2]
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RaD base for advanced next-generation plant factories

R&D Center for the Plant Factory

Plant Factories are cultivation that,
through advanced and precise control of
the environment by monitoring the
cultivation conditions and growth of plants,
enable year-round production of
vegetables and other produce.

The R&D center for the plant Factory at
OPU has been established as a
demonstration, exhibition and
education/training base specifically for
fully artificial light-type plant factories.
Keeping in mind their widespread
implementation, we plan to put our efforts
into developing a standard plant factory
model integration all of the required

elemental technologies.

\# Direction of R&D

A

Advanced next-generation plant factory model

fleducsion
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ﬁ Osaka PREFECTURE UNIVERSITY
Research Organization for tha 21st Century

R&D Center for the Plant Factory

1-1 Gakuan-cho, Neks-ku, Sakal, Osaks, 899-8031
TEL 072-254-8409 FAX 072-254-7692

E-mail plant®2 1z osakefu-wac p

URL hitpiffwww. plant-factary. 2 16 osakefu-u acip
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Marubeni

June 28, 2012

Introduction of our plant factory systems
“Verdenite” system

Marubeni

b PTRTER

1. Whet is Plent Factory?

I Plant Factory

- Marten

Fully artificial
! light-type

. Sunlight-type

: —
Hydropanic z Hydropanic
l Soil culture l nathod Soil culture tethod
- Wit
i " o
@ @

b FULERET

Marubeni is involved in the handling of
products and provision of services in a
broad range of sectors. These areas
encompass importing and exporting, as
well as transactions in the Japanese
market, related to food materials, food
products, textiles, materials, pulp and
paper, chemicals, energy, metals and
mineral resources, transportation
machinery, and includes offshore trading.
The Company's activities also extend to
power projects and infrastructure, plants
and industrial machinery, finance, logistics
and information industry, and real estate
development and construction.
Additionally, Marubeni conducts business
investment, development and management

on a global level.

6. Marubeni plant factory system (underground of Osaka office)

& - @ By mixing organic fertilizer end soil bacterium into “verdenite”,
we realize the oreanic and pesticide-free cultivation.
| \ ; ;’ 1i |5 P .
\ = ¢

G FUTRTIE

Nagaya eity, Aichi pre.
Shopping center,
* NARUPARK"™

“Verdenite” plant factory
(stand-slone type)

The first rental garden
using stand-alone type plant factory
inJapanese shopping center

S N ERET
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2012 KAIST INSTITUTE "~
THURSDAY SEMINAR {B

@ TITLE

INNOVATIONS IN PLANT FACTORY
RESEARCHES AND PRACTICE IN JAPAN

® SPEAKER
PROF. ENI GOTO, CHIBA UNIV, JAPAN g

© DATE
OCT 25, 2012 (Thur.) 14:00 ~ 15:30 PM

%%

Prececdent greenbouse or plastie house s volnernble (o igh winls or heavy snow, shows low energy efficienay, low productivity:
nnr!\hpamhu.rp\yunumdlmnmnhnngnulmhrkufmmnsbvﬂmluﬂ.md\mldxm i thie maaitime, existing plane

@ LOCATION
KI Building (E4) B — 401

ABSTRACT

usingg urtificial lght snd costly & whlrhhmhhi
plant operning crists including the initial investment ard power i, o develupo n sucosssful. i ol
L e T e e g i
& evar deepening the fatur, Jow—enrhan, green artificial
mummm:wﬂmmmraumhhwmotﬂ»msmmmmmhtmrmmwn@m
TR B e i Wlﬂw
engincern vegelablo planty wsing b L igh ol e
Gﬁmhapmwdwm&lmi f Hortiguluane in
mmumwdmk MIST
183# &mlmmn&mu fram the unis W
nml inissed o Chiba University ﬁmmu_m-mm ‘ FEA

on enviranmental contol  fir
!nclndﬂuﬁwnnmﬂ(\f plant growth under artificial light,

Dr. Eiji Goto is a professor of Graduate
School of Horticulture in Chiba University,
Japan.

He is now working on environmental control
engineering for greenhouses and plant
factories and control of plant growth under
artificial light.

He was the project sub-leader of
"Development of fundamental technologies for
production of high-value materials using
transgenic plants (2006 - 2010)" by
Ministry of Economy, Technology and
Industry of Japan.

He is the team leader of ' Elucidation of
biological mechanisms of photoresponse and
development of advanced technologies
utilizing light for horticultural crops (20097)
entrusted by Ministry of Agriculture,
Forestry and Fisheries of Japan.

He is the representative of Plant Factory
Research and Development Center, Chiba
University (2009 ~ ).

Eiji Goto
Professor
'Horticulture
, Japan

Introduction of closed plant factory
- Commercial plant factories

Multi-layer shelf system
with fluorescent lamps
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CULTIVATION SYSTEM

UNDERGROUND AGRICULTURAL FACTORY SYSTEM
LIGHTING DEVICE FOR GROWING PLANT
VEGETABLE FACTORY

LIGHTING SYSTEM

PLANT CULTIVATION FACILITY

e

“WhitePharm A}"9] 2] &3 A 2~ 8l
“SolaOasis”, NASA

53]

CLOSED-TYPE PLANT FACTORY
PLANT FACTORY

PLANT CULTIVATION DEVICE

Combined Vertical Farm, Biofuel, Biomass, and Electric Power Generation

Process and Facility

Apparatus for growing plants
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