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New Development of Plant Factory in the Netherlands and Japan

Jyh-Rong Tsay', Hsiang-Wen Chiu®
' Taiwan Agricultural Research Institute

* Engineering Division, Taiwan Agricultural Research Institute

Abstract

The development of horticultural crops in the Netherlands is successful. Major items are
vegetables, fruit, flower plant, bulb and nursery stock. Among them, the export volumes of
vegetables and flower are the first in the world. The flower production volume accounted for more
than half of the global market. In agri-trade, the Netherlands is the world's second largest exporter
of agricultural products, only less than the United States. For horticultural cultivation technology,
facility cultivation with high automation level is almost completely adapted. The related cultivation
experience and key production technologies are worthy of being referenced for improving the
domestic industry. Sustainable energy saving greenhouse production technologies developed in the
Netherlands include measuring of micro-climate environment in greenhouse, distantly wireless
transmission, control / data integration and operation management system, strategies of
environment protection and energy saving facilities for vegetable and flower industry, high
efficiency environmental protection and energy saving systems for greenhouse installations, LED
artificial lighting technology, light quality and light intensity, as well as the integration of remote
automatic monitoring and control system and other related materials. Moreover, other EU countries
gained remarkable achievements on establishing green energy application and extension. The
advanced technologies and concepts could be introduced and applied on pest and insects
management to reduce the use of agricultural chemicals and its residual level, and thus achieving
the annual production of high-quality and safe agricultural products.

A plant factory is an airtight environment system of cultivation facilities, in which plants are
grown with optimized conditions and precise regulations of nutrition supply. It also uses high
technical cultivation assistant facilities to accomplish the goals of high yield, safe and year-round
production. The promotion and development of plant factory in Japan has entered into its third
boom stage. The experience in technology development and extension has been in the leading
position among the advanced countries of agricultural science and technology around the world.
Industry technology on plant factory has been widely used by the Japanese people and agricultural
entrepreneurs to conduct commercial production and sales of the related products.

Keywords: plant factory, facility cultivation, energy-saving greenhouse, year-round production
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Current Status and Development of Plant Factory
with Artificial Light in Taiwan

Wei Fang

Dept. of Bio-Industrial Mechatronics Engineering National Taiwan University

Abstract
Due to global trends and societ al situations, plant factory caught lots of attention nowadays

especially in East-Asia. The term ‘Vertical Farm ing’ is m uch popular than ‘Plant F actory’ in US
and Europe. Both aim ing at the sam e thing - grow ing plants in a con trolled environment with or
without artificial light in a ve  rtical m anner using m ulti-layer sh elf. Due to its g lobal business
opportunity, PF attractsnot only people from the acad emic sector, but also peop le from industry,
business, financeand governm ental sectors. This paper introduced the current situation of PF in
Taiwan including the efforts from the academic sectors and from private companies. The difference
in the levels of the integrated environmental control (IEC) from two parties also revealed that the
IEC might leads to great differenc e in not only days to harvest bu t also the fresh weight of the
produce. It is very promising that P F can operate efficiently, using less re source to produce m ore
food, providing job opportunity in re mote sites far from the cities. It is also prom ising in saving
lands for the food production and  returns the cultivat ed land to the Nature, thus m  aking the
contributions to mankind.
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The Current Development and Prospects of
Protected Horticultural Industry in Taiwan

Fang Yi-Tan' and Lin Chun-Liang’
"'Section Chief of Crop Production Division Agriculture and Food Agency, COA
? Senior Specialist of Crop Production Division Agriculture and Food Agency, COA

Abstract

Council of Agriculture, Executive Yuan has adopted a 10-year protected horticulture
development project since 1987. The project, integrate experts from sectors of industries,
governments and universities, aim at modernization of local protected cultural facilities. The
council invested funds in research and invention in the automation of protected cultural facilities so
as to enhance the competitiveness of horticultural industry. Then technical service and research
teams have been established according to different crops. Moreover, projects of fruit production
modernization, establishment of flower production districts, stabilization of vegetable production in
summer were proceeded. The council subsidize farmers build modern protected facilities in
consideration of both technical intensively and economical practically. Techniques of precise
farming and off-season cultivation of horticultural crops were also introduced to enhance
productive efficiency and increase farmers’ income as well. Total protected horticultural facilities
in Taiwan reached 28,257 hectares in 2010. Among which, facilities used for fruit, vegetable and
flower production occupied 17,222 ~ 8,675 and 1,798 hectares, respectively. The ratio of amounts of
simple net house and horizontal trellis are 85%, the green house is only 962 hectares(3.4%), mainly
used for vegetable (441 hectares) and flower (416hectares) culture.

The promotion on projects of double value in orchid production in recent 3 years makes the
area of orchid facilities has increasing and reach over 730 hectares by the 2012. In the future, the
council will keep working not only on establishing industrial community but also introducing
concepts and techniques of energy saving, environmental protection and automation for protected
horticultural industry to create a high efficiency agricultural production system with low energy

input.

Keywords: protected horticulture, greenhouse
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The Business Analysis of Plastic Greenhouse Crops in Chaiyi County

Tzu-Yuan Lu

Division of Agricultural Extension, Tainan District Agricultural Research & Extension Station, COA

Abstract

This study analyzed business model of case through research method of case study. In this
study, by interviewing seventeen farmers of production and marketing groups in Chaiyi County, we
identified the items of fixed costs and variable costs. The cost-volume-profit (CVP) analysis was to
perform estimation of the production costs and returns. Data on the plastic greenhouse production
costs and returns for cherry tomatoes and sweet melons was obtained from three selected producers
during 2011 crop year. The plastic greenhouse area of the three producers was 7890 square meter.
According to the result, fixed costs were 77.55 NT dollars per square meter, variable costs
including unpaid labor amounted to 243.22 NT dollars per square meter in this case. The total
production costs for this case were calculated to be 320.78 NT dollars per square meter. Gross
return of cherry tomatoes sales was estimated at 396.20 NT dollars per square meter. Gross return
of sweet melon sales was estimated at 122.94 NT dollars per square meter. Total gross return of
crop sales was estimated at 519.14 NT dollars per square meter. The plastic greenhouse return of
2011 year was positive at 198.36 NT dollars per square meter.

Keywords: plastic greenhouse, business analysis, case study

~38~



RS g g R E Y

*ﬂﬂ

A 1902 & B 4148 L (Willis Haviland Carrier)# f? /4 § 12 % » # ﬁ:}i/’{hﬁ"ﬁ © T R LER
WERLH R CHLEF GOEABERRFHFORT A SR EALFEHEAR
B PR c P EIHAFAPBRELHIFAEY > AFFTEE (1) W RED B
WA LN R AR A AR B LD TR S A o Q)4 R Rk 4Rt de o F R
% kT 0 (1)2011/01/01 00:00 AM ~2011/09/15 23:59 PM #p ¥ » H jhde * S04 £ b 808
FAeR AR A 53001 L EE G FRFAF L N4 lR KB R 4R A RS A 2169 /AT g X
BT O59.0%E R AR AR ko QEERRIEE A BET BTSN U RSB RATET

v AL 4
SR LN

F_

i)

ML FRER ~WU-E E - P ik

e 2. REAHE S 2
&Mﬁﬂiéﬁ%ﬁ‘w L I EEAFHEAY © ABBHREZREN S
%%Av\#i’ MR MER LR R AR 10 % E Y SR ERER L C Al L
NPT R R U SRR T o R WA REETREE AL 10 24 a3
FRBARDET > AHREDER BT O FEIREFFE - A/B R Z £ @05

23R FBEELEFRAYPFRRCOPET § o RAFR*» BB HRPEF IR P
BEAR T S EE AHENEY FRARR ,1)§Pq*24co/m1?;w§ PTHEITS &R

SR F AR ks v LY DR - BABEVRIF - A o i BB R
BB RP RSB S H R
PO SE B N BB R G 0 3 2010 £ # LABBHEZ TR Z
%% p & Greenpackage > % » & E£.% * ¥ H A B #
Y CBHEREEAFL SR LAY Kok B/KHES e 32 32
% (m) 20 25
oo WA FRORPEFERR LA TG 1 mE)| 25 25
oo #Ros IR AR 54 22011 £ NEPON (576 (1)) 640 300
A& 9 "’% A Ak ;QEL-?‘: B % C HPITIE TR 2 i—fl-’;g((i“l’) 193.6 242.0
wE AR ’5‘"*5’5@1'\‘ 3ok o FEINRE 2 B A (h Bk w) o A/ o A/
F-FRARRAPE X EN A PETFET L 1=
% o «‘1’»2{2 H A 900 1,085
IR USSR P STES S LUK o))

;?’é\’ \‘4‘113'.,: *U/H‘zé‘ 2’-&7@/ £ ‘“—/xr_ﬁ\“é

o

ERRE A - a0 e VAP S I“"KS]I, [ERERN
A/B ﬁ?ﬁi%ﬁs‘ééﬂ » & % — £ % B Onset

~390~



S ZW R ESTOR A R R A e g
AB PR R & T S TE L 1A A hi
Pooo TH SAchod 2
22FHA R p A
PP PR
3 HER (°C)
FhRR (%)
% ¢t PAR(umol/m*/sec)
VERE(°C)
EpRE (%)
% ;b PAR(umol/m*/sec)
¥ & i £ (gal)
iy & -k £ (gal)
B 5% T it (Amps)
M TR R % 7 i (Amps)
b T 05 (Amps)
#F & 7 i (Amps)

21 £ 4R SRR
L3ABHRETRHRIEL LS
At B i

_fg b BB | BB EHFORRR
_A 7.5RT/E*3 %)
- R fads B B 24C
. 24°C o AR S ECE R A
=& T 2
ﬁﬁ&?ﬁg:dk& B Ed AT

| T RER E
QES ey #FhEIER L
AT .

LR 1.5 v )

a-
u

bR 1.5 v ) w0

530.1 ~/Xx 2169 = /:t

ARERET ARG S AR B4R X
MIF LR R RR LR 24C - B #
BEHAFABREL 3 (TP LR
AP & E TS5RT) A58 AR L A~
Wb B b B E WA AN AR ke B R
BRARARTL 24T B #AR P AR T

&éﬂt°%f *ﬁ@ﬁT%ﬁﬁ@,w
UBRPALFEEF R o BRITRBAH
E R Eiffav_i:} B 22°C b R
pﬁﬁ&%%g%mﬁ&ﬁﬂo

W AR AR 2 B AR & iR
”“’%”&? Sl R RERETR
Fhi AR BEEREE G ZFE - BR
mEEF R AR B R
BT RFTIEHS 4f o

F AT DR

LN NN N NN

| a3as cE

m e ey
% " Peds pees ey
AR A g T
Bl LAE 380 #Fh 85408 5T 2B

N NN NSNS NSNS

BR
Efix.)

TR s

=T =7 4 =
’iinl}—— =1 TOEE ==

4

B 2.B R 28k % ST & B

# 2~ 2011/01/01 00:00 AM ~ 2011/09/15
23:59PM 0 A/B HUE F @~ R FORLE TR R
%"T'*‘é"‘-% o H P s ,%;11&;::_5.,@, ,%1%27m
A ) ?x% M3 A/ RIFLSE IE%O Bed
SRS E A RE 3T AR B B

SRR BERAEPIE ) T
AB B FLRBFARIPBEF - DHH > &2
AR E o F A B RE e AB
B PELH PFERGE T AR E o

SERET o HIPRET LW AR PEF
e A PR 3 H o fE 4R AR & 530.1
A EFAFEN R A BREZE =

~40~



B A AR A 2169 /AT R AFRE T
59.1% -

22 4B R £ v R %
#4ABHREZFHRIFEERZES

A B

AR S AT B SR R
R | (R BB F | (B0 AR BT

% | ‘%X IORT/E | B#E T5RT/E
*2 £) *3 )

oo | BB BEEAE HAGRER 24
J & A prd] o adE [C ;e Ab 8k

BE24C  |BER 22T
| AL EE B PSR
| ERE D B0 N ]
=3

R

%;L/.B—;L \'—"}%@

PR 1.5 v )

w4 o WYL 15 v ) o
v
R
' 4. 4.
COP 50 58
PERPS ;%fg
a 3,340,371 kJ 6,229,148 kJ
E
% o 5 )
popes | 3TIIS2KIME | 574115 Kl/m

A R 232011 & 9 7 = % NEPON #1
FREZAENTH L3 23 FAAR
(IORT/£)2 % ~ th%h 5 8 5 ~ H i #h 4
1 2 -~COd=fpl c(RRFEFETRRER
b 5% FdEALPBE CO 43T Xk
Bo)o T P ABBHUEZE Y MEAKREF AR -

w1 ECA/B BB R MR SR T4
"f TEFFAEEZFEE AT £
FREFPABEEFLE TR ERE IR R
BeaplE B w g > I E 8RN AeFE
(coefficient of performance, COP)

~41~

[§%] :3 353; £§§3 ‘{!k 1i;i JAT N ;t. %§¥L %§~ /J "L‘ -1. :‘1; [§%]

4 2012/03/24 00:00 AM ~ 2012/03/25
07:00 AM ¥ /¥ > = ¢ i8 B 42 13.1°C~18.6
C2 B - AH#%E2 BH#E COP &2 5%
4.50 ~ 4.58 » B A/B H# R MA BT o

T chwst )X p wi x cpw[

chw chw rt
evap i

60sec/ min
cop . Qo M
F
H ¥
Vaw /% b 5 £ (LMD
T v hEAECC)
T R EARCC)
Pui ckew g (=) 5 F & (=2)
€ pwi ckant# (=) 7 F v #£=2)
F, D7 (KW

- HEES PR F R
B R 13.1°C~18.6Cehigit ™
#F £ 3,340,371 kIl > B #iE i » £ #
6,229,148 kJ» 7= T A $8 % B0 B HR
F R4 2 68.2% o

18 4 7000

16
u
12
|

| om0
" 5000
{ 4000
4 3000
15 2000

[+ 1000

oo e oo

B 4E5<5 A/BHET LY AR



R4 d MY UFER AR
F%ﬁ}ﬁ’ﬂﬁﬁ&mwr
06:44 ~08:25) Ja TR T B R 0 2R
M o4& IRA PER et on-off 24 a8 0 ¥ oy
LRRRERIEE MR vEEREE > &
% p-gain -~ @+ RF B R T T
3EHREFEY on-off 4] EFEEF
73 &4 e

AB AR ML EIT EE ARERR
FL W B R R RS2 682% 0 Flp o T
FERE HUAR L COP EIEE 4R kst
R vtk o d MABRIEZTVAREG AR
FEILR R LR RE Rl A DT
FLa B A/B R £ ¥ H’%‘Lﬁiiﬁﬁiﬁ ’
b AR 8T R Erds o FUOR R R
lﬁﬁiaﬁé’Bﬁﬁiﬁfﬁ%%
(QGlazing) e A 5 = o

OGlazing = conduction loss

+radiation loss + convection loss

(2)

conduction loss = KA, (T;, —T,,,)

K BEERaERs
OGrous A, ¢ B IRE R TR

Dttazrg = KT = Toua)

+radiation loss + convection loss

:; K ;5 41 A/B ’fﬁ/ﬁi QGlazingg_‘ﬂ > f_%‘t

fRREFEE  FRAREZEREL T2
RGBT LRERAZEEICHUP OB
PEZRATERRTISF SR - 8-
AN ABREZWHFLILLE EE
FRARTEXZAMEFLR -

d2 B R E AR~ 2 R 1Y
A Z BT NBREIRE DREHE 0 A
k2 i PR RS R S o T
ﬁ%’Bﬁﬁi%*ﬁsﬁ pHERA S

RO R A R S FE

35 =3
u
32 B*ﬁl

B 6.A/B 1§ F #4455+ 8 1§

3. B3

AR &Nl f e R BRI ESET
T F RBRBNLE N AR BT R A
BoFILET 59.0%a R o B B
FHRYET L FRA BR(TR IBOV)E 4R 15
(7B 220V) 57 = crAg & 5N 4o Bk SL TR H
T REE G CHE - B FE (Bl S
KB B E)E G A R AR o

EAvE KRR T &R 0 AB HEZR
PSP GRT VFR A FUE TR K
R AERER RE D - B0 DiEkb
Bo R BREPEE S DR A
ﬁ&&%ﬁ@—&ﬁg»%ﬁ’vﬁﬂ@&
bR EFLET L LR

aBﬁﬁzﬁﬁaﬁr%yaz

Bomfr e £ ﬁd #3

|
M
|4

W W Wy 5
OB R OG
l-r-

_ﬂm}g(;g_g:j'm‘;}-n@rri:?% ﬁ'ar_"f%—\:"ﬁ ;1“’
LTI B R R R O R

EECE NSRS R E R
Mgt — BEHBEPN R B IR FHT O A
%muiﬁwﬁﬁ’%mﬁ?ﬁ@ﬁ£34
FARR IR G oA IR R R

%ﬁr

~42~



HES S e 2§ inigd2T 0
ERERIDF Ak o

Ak o rE T SR R IR R BT RIES
o ERERBRATE AR R 4 2
REZIHEREEHET kM COP (System
Coefficient of Performance) . 4 > -;Fi e e
KRR IHE i & g (8 FHRF

Bo s A B AG BURE D) o

R

RO IR B R
RIS RS S N LNy 5
HELEAEFTLL AT E R
Flz & Frph - Bk

54

. ERES~ZF3E-2011 REXRS &N HE

e & SurT g > hittp://210.69.150.18:8080/

2NEPON # & #F 4F . % b
https://www.nepon.co.jp/new/gp/

3. PIM Forward Market Operations. 2011.
Energy  Efficiency  Measurement &
Verification. PJM Manual 18B.

4. Hemming, S., and Bakker, J.C. 2008.

Sustainable greenhouse design. Istanbul :

N

Wageningen UR Greenhouse Culture,
Presentation during International Trade
mission The Netherlands to Turkey,
Istanbul, 2008-11-24.

5. Weissel,A. and F. Bellosa. 2004. Dynamic
Thermal Management for Distributed
Systems. Proc. First Workshop
Temperature-Aware Computer Systems.

6.Srinivasan, J. and S. Adve. 2003. Predictive
Dynamic  Thermal Management for
Multimedia Applications. Proc. 17th Int’l
Conf. Supercomputing, pp. 109-120.

~43~



Current Status and Future Outlook of
Sustainable Greenhouse Technology

Chico Huang, Chih-Chun Lai and Wen-Bin Lu
Center for Measurement Standards, Industrial Technology Research Institute

Abstract

Heat pump is a well designed and correctly installed for building’s cooling in Taiwan. But the
high investment and specific culture difference keep growers away from heat pump. For the
demonstration of heat pump in horticulture greenhouse, this project compares (1) running cost of a
gas burner and a hybrid heating system that consist heat pump and gas burner; (2) heating strategies
of greenhouses equipped with heat pumps. The experiment results show that (1) the running cost is
NTD160.4/m2 for a gas burner and NTD 65.6/m2 for a hybrid heating system during 2011/01/01
00:00 AM ~ 2011/09/15 23:59 PM. (2) Optimal heating strategy should base on types of moving

bench, irrigation system, and plant density.

Keywords: Air source heat pump, Phalaenopsis greenhouse, coefficient of performance
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The Development and Application of Techniques on the Plant
Physiological Characteristics Evaluation,
Using Phalaenopsis as a Model

Feng-Chen Chu *, Ting-Feng Hsieh*, Jyh-Rong Tsay**, Ting-En Dai**
*Floriculture Research Center, Taiwan Agricultural Research Institute, COA

** Taiwan Agricultural Research Institute, COA

Abstract
To meet the government agricultural policy and the requirement, the Floriculture Research
Center, Agricultural Research Institute energetically proceeds with the experiments to test the
physiological characteristics of phalaenopsis varieties. Using growth chamber and environmental
control greenhouse recorded the optimum condition, ligh intensity and temperature, for seedling
cultivation. The project has been completed the design of equipments unit, and evaluated the

possibility and stability of experimental method.

Keywords: physiological characteristics, phalaenopsis, mortining
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The Development of Short-term Leafy Vegetables Plant Factory

C.F Yang, J. J. Cheng, J. Y. Chung
Tainan District Agricultural Research & Extension Station, COA

Abstract

In order to advance the automation of agriculture, we develop automation production system
for short-term leafy vegetables. It makes the production procedures of short-term leafy vegetable of
sowing, seedling, transplanting, cultivate management and reap automation. As a result not only
raise the operation efficiency but reduce a great deal of manpower, the subsystems we developed
includes “The automatic transplanting system”, “the automatic cultivation trays shift system”, “The
automation spray irrigation management system” and “The automatic reap system”. By this system
the leafy vegetables can do anniversary mass production. Owing to overall automation, the level of
mechanization replaces manpower over 90 percent. By automation cultivate management; superior

leafy vegetables can production in 2 to 3 weeks periodically.

Keywords: leafy vegetables, automation, plant factory
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