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SIMULATOR OF PLANT FACTORY WITH | ffffffffffffffff

ARTIFICIAL LIGHTING (PFAL)



BB LR

B -

el =]

IR IS EAYE

éﬁﬁ ,
AJ
e -
iy . CO,, K7, BEIR

EE &
==

.




7T : PFAL

2A1kAES 1 B (PFAL) Bk p £
BEHF > BI 223Gl TlEr 2 40 %
< g FE I o

N\

PFAL % A1k > 28 xpsks &7 pskiEp
FLAZHEEELHEE; B2 FRneh g o 4
F8 T FHERDEE TR OB RI S




aEFRg oy fid (ACH < 0.01) " FRHE? R
F-FPRERDEIPZIFELRFAZIN > &
= F CRELF hR A

BERFOF REVRFRPIZHE S BRAES %

2 & B2 (8 pmol/d) 04 1 kik

# » PPFD 3 200~300 pmol/m?/s

W EERF




PFALP 2 & 4F A - § P52

PFALs i % & % /) ’COZ%{;W%;@;@%@—% RE
EFR*2HCOM¥  BFTAREAVNEERFE R
CO, kR -

wPFAL ¥ CO, ik & i ¥ 53¥ . 1000 ppm
APFAL®Y en3Ip BRI ¥ HETH AC k&R -

FReE BRI RPB AL T AEFIEAFT
g BAFE -

BRIAFAF LT EY FIFFHITHPp /L

NN\




PFAL®Y # % % % Eﬁi\‘i’%#

L¥2 €7 53 10 g
Hd 3 6 fFhgdan
B ELF -k

YXERSERR I ABEDF - &

%%&{ RBHFHY FRiBR > EFEERARE R
ERKD P ESD (BAKD ARBAT) RE R B F Y
NZATITr Rk ERATF P o




« F]E EITIER > T R F 04§18 B Relative humidity/-k % § % &
water vapor density/& ¥F:% & absolute humidity/-k 7 ;X Bwater vapor
pressure 3 4 o

ORPPALY » JRBERA LI BRI ARREER G2 Y
- T Y RRERTERF > THT 3 s fe o




. AC with reused of conde

3. Multi-layer cultural bench
Artificial light for each layer
Circulating nutrient solution delivered ig

4. CO, enrichment

5. (De)humidifier

6. Monitoring and control
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Culture room

Room length 10m space utilization 05 Leaf area/plant 0.1 m2/plt
Room width 10m No. of layers 4 Number of plants 6000 plt/room
Room height 4m Culture area 200 m2 Total leaf area 600 m2
Room volume 400m3  Cropping density 30 plts/m2 LAI

q__.,._o&?ﬂ*"ﬁ,a—T\x%x%—1Ox10x4—400m3

i\i;* FEEP R RAXZIREAY FXEE A E=100x05x4=20
7R “Hﬁiﬁz—i\f”’fli\f”%& 200 x 30 = 6000 +x
'ﬂ;m E%ﬁﬁ“&f %+ #c = 0.1 x 6000 = 600 m?
‘#ﬂﬁx(LAl)—‘ﬁu wm [ $ 35 f =600/200 =3



e 2T FRzp Y IW 4B I B 28/0.0821/(273.15+25) = 1.14
* 7k COZ F A /"'t" i ’gﬁ 28/0.0821(273.15+5) = 1.23
Environment T, des.C RH, % density = 1/5v
PV=nNnRT=mMRT/M [Jear 25 RH_leaf 100
S indoor T 25 RH_in 80
- 7} jﬁ -+ outdoor T 5 RH _out 40
V/m=RT/M CO2 indoor (ppm) 1200 > mg/m?  2157.5
CO2 outdoor (ppm) 410 -= mg-mi'_ 7902

Density = m/V = M/RT

44.01/0.0821/(273.15+25) = 1.7979
44.01/0.0821(273.15+5) = 1.927
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Plant

crop tvpe (light) std Pm= 1.084 Pmax= 261 mg/(m2.s)
crop tvpe (CO2 std Re= Q59
100 Wim2 GI 0.53
Ec 440 mgm3 Gc 078 Ps: Photosvynthesis 0_82 mg/(m2_s)
CO2 m chloroplas 848_ 7 ppm 1525 9 mg/m3 Rp: Photorespiration 0.03 mg/(m2. s
Tm 25 GTI 1.0 Rd: Darkrespiration 0.10 mg/(m2s)
a 3 Epr 004 Pn: Net Photos. I U_ﬁglmg-ljmlﬁj
Rd(20C) 0.07 Q10 2.00
Enviromment T, d=.C EH. %  density=15v VP, kPa ah Enthalpy 113 VI, g/m3 VDD aaszir VDDNg oo
Leaf T 25 RH_leaf 100 1.14 3.17 230
mdoor T 25 RH_in 80 1.14 2.53 0.016 6577 18.4 4.6
outdoor T 5 RH out 40 1.23 0.35 0.002 10.42 2.7 157
CO2 mdoor (ppm) 1200 -= mg/m3 180 0.100
CO2 outdoor (ppm) 410 - mg/m3 10038 Rav 100.0 s/m
Wind (m/s) 1 mv's Rlv 200.0 s/m
Rlv.inc 366.9 s/m
ACH 0.02 1/h Rw_total 6669 s/m
TR 6_90|mg/(m2_s)
Je B g - = 3L pe 3
E = — 7
27,1/ y S S5 L -‘l—'»' S h h d I
Tg7 ey 3L EF Igh ~ std. ~
272,17 y ) S .oL “u; ‘4 o )-;—-J:ll
T4 g 3 ;qL@ﬂ/ %ﬁé };},’@ std. ~ low



T g IV ¥ 58 4 = fAsE A ek & - high ~ std. ~ low

high
=IF(PAR>80,300,1400-PAR*(1400-300)/80)

std
=IF(PAR>80,200,1200-PAR*(1200-200)/80)

low
=IF(PAR>80,100,1000-PAR*(1000-100)/80)
PARR & =80 W m2=80* 4.6 = 368 umol m=2 s

Tp g IV HCOLE B » fazp il enk & - ostd. ~ low

std
=|F(CO2in_mg>=2352,400,400*CO2in_mg/2352)

low
=IF(CO2in_mg>=2352,200,200*CO2in_mg/2352)

CO, R & = 2352 mg m=3= 1200 ppm * density of CO,




Plant

crop type (hght) std Pm= 1.084
crop type (CO2 std Rec= Q59
100 Wim2 GI 0.53

Ec 440 mg'm3 Gc 0.78 P=: Photosvnthesis 082 mg/(m2.s)
C0O2 m chloroplast 848.7 ppm 15259 mg/m3 Ep: Photorespiration 0.03 mg/(m2.s
Tm 25 GTI 1.0 Rd: Darkrespiration 0.10 mg/(m2s)
a 5 Epr 0_04 Pn: Net Photos. 0_69)mg/(m2_ s
Rd(20C) 0.07 Q10 2.00
Ell":.'il'l:!l]llllillt T, deg.C EH. %% densite = 15w VP, kPa ah Enthalpy 1700 VD, g-mf!- VDD eeszir | WD Dn-out
Leaf T 25 RH_leaf 100 1.14 3.17 230
mdoor T 25 RH_in 80 1.14 2.53 0.016 6577 18 4 4.6
outdoor T 5 RH_out 40 1.23 0.35 0.002 10.42 27 157
CO2 mdoor (ppm) 1200 - mg/m3 21575 1.80
CO2 outdoor (ppm) 410 -= mg/m3 1 10 038R av 100.0 s/m
Wind (m/s) 1 m/s CropType Rlv 2000 s/m

Rlv = Elv.imnc 366.9 s/m
ACH 002 1/h CropTwype Rw _total 666 9 s/m

Rlv.inc = TR 6_90|mg/(m2_s)

= 11, 2
O T g s Transplratlon Efficiency, Pn/Tr=0.1
I L I/ == > y 2 «;‘r- — 1]
PEE R F 0 %A PMax ek B R B
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Photosynthetic capacity (P,.,,) IS @ measure of the maximum rate at which leaves are able to
fix carbon during photosynthesis.

° #’ *+ B I ¢ the amount of carbon dioxide that is fixed per meter squared per second,
for example as umol m=2 sec™!.

B E R f R T IR

Tanaka, Y., S. S. Sugano, T. Shimada, and I. Hara-Nishimura. 2013. Enhancement of leaf photosynthetic capacity through increased stomatal density
in Arabidopsis. New Phytologist 198: 757-764.
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20 umol CO, m?s1=0.88 mg CO, m2 s+
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Across the diverse range of land plant diversity sampled, an intimate association between light-saturated net
CO, assimilation rate (A |,,) and the hydraulic conductance (K., ) of whole leaves was found

Tim J. Brodribb, Taylor S. Feild, Gregory J. Jordan. 2007. Leaf Maximum Photosynthetic Rate and Venation Are
Linked by Hydraulics Z£ 5 7K 183, Plant Physiology, Volume 144, Issue 4, August 2007, Pages 1890-1898,


https://doi.org/10.1104/pp.107.101352
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Photosynthetic Rate (umolms™')
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TE=Pn/Tr * # CO,/vapor exchange rate

E %f % PPFD 21 CO, ik B 3 4c @ H 4o

%A T 5 F TV 4 W A2

VPD # 4 (1.1 kPa) FFen TE 3 >*VPD #& 3 (2.2
kPa) p= en TE » &0 5 5 & {8+ e 1.37 7%

HAcE F TE §° [Fl ~ 3% 2 0 ~ 0.03 mg/m?/s
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Fig. 2. Effect of ambient conditions on ffrans uatlon efficiency (TE of tomato leaves
(rafio of weight of assmmuilated C ) Left panel:

mmmmeusny \-a\lb) and CO, concentration
(symbols at right), measured at 25°C leaf temperature and 1.1 kPa vapour pressure
deficit. Right panel: effect of humidity. On the y-axis are the measurements shown
at left, on the x-axis are the corresponding measurements done at a VPD of 2.2
kPa.




(Y g 27 A \'i' 2 - — — -
X £ 7% ;¢ & (Pmax) — & < 20 umol m= st (0.88 mg m=2s?)
~7 L 22 L Y
{ Tt Bk  0.88
Plant
crop type (light) std Pm= 0363 Pmax= 088 mg/(m? s)
crop type (CO2) std Re= 050
KI 100 Wim2 GI 0.53
Kc 440 mg/m3 Gce 0.78 Ps: Photosynthesis 0.30 mg/(m2 s)
CO2 in chloroplast 848.7 ppm 15259 mg/m3 Rp: Photorespiration 0.01 mg/(m2.5)
Tm 25 GTI 1.0 Rd: Darkrespiration 0.10 mg/(m2s)
a 3 Kpr 0.04 Pn: Net Photos. 0.18lmg/(m2.5)
RA(20C) 0.07 Q10 2.00
Enviromment T, dzeC EH, % densiv=15v VP, kPa ah Enthalpy kTl VD, g/m3 VDDhessair VDDigout
Leaf T 25 RH leaf 100 114 3.17 230
indoor T 25 RH m 80 1.14 2353 0.016 6577 18.4 4.6
outdoor T 5 RH _out 40 1.23 033 0.002 10.42 27 15.7
CO2 indoor (ppm) 1200 -> mg/m3d  2137.5 1.80 PnTr= 0.0268
COZ2 outdoor (ppm) 410 -> mg/m3 7902 1.93 TtPn= 37.370)Rav 100.0 s/m
Wind (m/'s) 1 m/'s CropType high std low Rlv 2000 s'm
Rlv = 300 200 100 Rlv.inc 366.9 s/m
ACH 002 1/h CropTvpe  sid low Rv total 606.9 s'm
Rlv.inc = 366.9 1835 Tr 6. 90]mg/(m?2 s)
7 x5 Transpiration Efficiency, Pn/ Tr = 0.0268
ﬁ}\ AL P A p y1 - W
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Plant

crop type (light) low Pm= 0.365 Pmax= 0.88 mg/(m2.s)

crop type (CO2) low | Re= 562

Kl 100 Wim2 GI 0.53

Kc 440 mgm3 Gc 0.78 Ps: Photosynthesis 0.30 mg/(m2 s)

CO2 in chloroplast 848 7 ppm 15259 mg/m3 Rp: Photorespiration 0.01 mg/(m2 s)

Tm 25 GTI 1.0 Rd: Darkrespiration 0.10 mg/(m2s)

a 3 Kpr 0.04 Pn: Net Photos. 0.19mg/(m2 s)

Rd(20C) 0.07 Q10 2.00

Environment T, dez.C RH. % gensiy=15v VP, kPa ah  Enthalpv kIl VD, gm3  VDDjesie VDDigow

Leaf T 25 RH_leaf 100 1.14 317 230

indoor T 25 RH_in 80 1.14 253 0.016 65.77 18.4 4.6

outdoor T 5 RH out 40 123 035 0.002 10.42 27 15.7

CO2 mdoor (ppm) 1200 > mg/m3 21575 1.80 PnTr= 0.0157

CO2 outdoor (ppm) 410 -> mg/m3 7902 193 Tr/Pn = 63 898|Rav 1000 =/m

Wind (m/s) 1 m's CropType  high std low Riv 100.0 s'm
Rlv = 300 200 100 Riv.inc 183.5 s'm

ACH 0.02 1/h CropTvpe  std low Rv .total 383.5 s'm
Rlv.inc = 366.9 183.5 Tr 12 00lmg/(m2.s)

Pn jiz g3 4v 018> 0.19,+55%) » TT = T3 v (6.9 > 12, +74%)

an
\\“:'

L I Pn/Tr < tg % 14 (0.0268 > 0.0157, -41.4%)




(i g r - 3 (PR R F BT
oo Y
F

2 -7 = 2 v
@ £ i % high > & «Jﬁ ‘A ¥ std
Plant
crop tvpe (light) high Pm= 0.327 Pmax= 0.88 mg/(m?2.s)
| crop type (CO2) std | Re= 1099

KI 100 Wim2 GI 048
Kc 440 mg'm3 Gc 0.78 Ps: Photosvynthesis 0.26 mg/(m?2.s)
CO2 in chloroplast 848.7 ppm 1525.9 mg/m3 Ep: Photorespiration 0.01 mg/(m2.s)
Tm 25 GTI 1.0 Rd: Darkrespiration 0.10 mg/(m2s)
a 3 Kpr 0.04 Pn: MNet Photos. mmg- (m2.3)
Rd(20C) 0.07 Q10 2.00
Enviromment T, des C EH, % densitv=15v VP, kPa ah  Eathalpylllg VD, g/m3  VDDyeszie VDDigow
Leaf T 25 RH_leaf 100 1.14 317 230
mndoor T 25 RH in 80 1.14 233 0.016 6377 18 4 4.6
outdoor T 5 RH out 40 123 035 0.002 10.42 27 157
CO2 indoor (ppm) 1200 -> mg/m3 21575 1.80 Pn'Tr = 0.0258
CO2 outdoor (ppm) 410 -> mg/m3 7902 193 Tt/Pn= 38.735)Rav 1000 s/m
Wind (m/s) 1 m's CropTvype high std low Rlv | 300.0 s/m

Rlv = 300 200 100 Rlv.mnc 366.9 s/m
ACH 002 1/h CropType  std low Rv_total 766.9 s/m

Rlv.inc = 366.9 183.5 Tr 6.00)mg/(m?2.5)

Pn "% % 018> 0.15,-167%) > Tr + % 14 (6.9 6.0, -13%) » fe 15 & #ic/]
Z 5 D Pn/Tr ety "8 X (0.0268 > 0.0258, -3.7%)




F SR AL (BOW M) s Ry, F FUFE 4§ X HFH e (300 > 767.5)

Plant

crop type (light) high Pm= 0.215 Pmax= 0.88 mg/(m2.s)

crop type (CO2) std Re= 1753

K1 100 Wim2 GI 0.32

| 440 mgm3  Gc 0.78 Ps: Photosvnthesis 0.17 mg/(m2.s)

CO2 in chloroplast 848.7 ppm 1525.9 mg/m3 Rp: Photorespiration 0.01 mg/(m2.s)

Tm 25 GTI 1.0 Rd: Darkrespiration 0.10 mg/(m2s)

a 5 Kpr 0.04 Pn: Net Photos. mmg- (m2.s)

RdA(20C) 0.07 Q10 2.00

Ell"-.'lll'lﬁlﬂlllill‘t T, dee.C EH, % gemir=15v VP, kPa ah Enthalpe 11 VD, g-ﬂﬁ VDDYesgzir VDDjipout

Leaf T 25 RH leaf 100 1.14 317 230

indoor T 25 RH in 80 1.14 233 0.016 65.77 18 4 4.6

outdoor T 5 RH_out 40 123 0335 0.002 10.42 2.7 157

CO?2 indoor (ppm) 1200 -> mg/m3 21575 1.80 Po'Tr = 0.0182

CO2 outdoor (ppm) 410 -> mg/m3 7902 193 TtPn= 535.051|Rav 100.0 s'm

Wind (m/s) 1m's |CropType high std low Rlv 7675 sim_|
Rlv = 767.5 625 4825 Riv.inc 366.9 s/'m

ACH 0.02 1/h CropType  sid low Rw total 1234 4 s/m
Rlv.inc = 366.9 1835 Tr 3.73lmg/(m?2 s)

' — 2
Pn = t5 % 4 (0.18> 0.07,-61%) > TI = T *% 4 (6.9 > 3.73, -46%)

% D Pn/Tr "% % (0.0268 > 0.0182, -32%)



% CO, % *+ 1+ *T (1200 ppm) °» Ry inc # < FE# -] mF 3 4v (366.9 > 400)

Plant
crop type (light) high Pm= 0.215 Pmax= 0.88 mg/(m?2.s)
crop type (CO2) std Re= 1800
KI 100 Wim2 GI 0.32
Ec 440 mg'm3 Gc 0.78 Ps: Photosvnthesis 0.18 mg/(m2.s)
CO2 m chloroplast 8487 ppm 1525 9 mg/m3 Ep: Photorespiration -0.01 mg/(m2_s)
Tm 25 GTI 1.0 Rd: Darkrespiration 0.10 mg/(m2s)
a 3 Epr -0.04 Pn: Net Photos. 009 mg/(m2 s)
Rd(20C) 0.07 Q10 2.00
Environment T, dee.C RH, % densiv=15v VP, kPa ah  Eathalpyldly VD, g'm3  VDDyeray VDDigow
Leaf T 25 RH_leaf 100 114 3.17 23.0
indoor T 25 RH in 80 1.14 233 0.016 65.77 18.4 4.6
outdoor T 5 RH_out 40 123 035 0.002 10.42 27 15.7
CO2 indoor (ppm) 1400 -> mg/m3  2517.1 1.80 Pn'Tr = 0.0238
CO2 outdoor (ppm) 410 -> mg/m3 7902 193 Tr/Pn = 41 944Rav 100.0 s/m
Wmd (m/s) 1 m/'s CropType Iugh std low Rlv 7675 s'm
Rlv = 7167.5 625 4825 Riv.inc 400.0 s/m
ACH 0.02 1/h CropTvpe  std low Rv total 1267.5 s'm
Rlvinc = 400.0 200.0 Tt 3.63|mg/(m2 s)

o 4t (0.07 > 0.09,+285%) > I -] T "% 14 (3.73> 3.63,-2.68%)

ZFTTF(TE) Pn/Tr = g3 4r (00182 > 0.0238, +30.7%)







Lighting

W per LEDtube 20 Wilamp Number of LEDtubes 1818 PAR 80 Wim2

No LEDtube/laver 6 FPFD ‘ 3?’{}. umﬂL-"mi.-"s DLI 21.312 mol'm2/dav
Bench area per layer 0.66 m2 Light Period 16 h/'day Power consumpti  181.82 Wim2
Total W of other equip (W) 80 Wiroom Total Wof lamp:  36360.00 Wiroom

)|

PAR (W m?)=PPFD /4.6 - PPFD * 3 370, PAR =% 80 ¢* 3 R, ek &

DLI = PPFD (umol mst) x LP (% & pF L) x 3.6 / 1000 = 14.4 mol m-day*

N

REFEH=FEIHAXF AT LE T H/E R G f# =200x6/0.66 = 1818
RATE-RBpHERXELAE 4T E =1818x20=36360 W

H >% 447 € =36360/200=181.8 W m™



CO, BALANCE




CO?2 balance

LA per plant

Pn
ACH

Room volumn

Number of plants

0.1 m2/plant
6000 plants/room
0.7 mg/m2/s
0.1 1/h
400 m3

C 03 n
CO- out

ppm mg/m3

1200 2157.5
410 790.2

Cpy per room

412.5

CO, absorbed by plants

Cy per room

15.2

CO- loss by ventilation

Ce per room

427.6

COs supply to room

lation | COZ balance | Water balance

Energy balance

e
i i
(=41
L1 i
L

mg/s/room

mg/s/room

mg/s/room




Cv=PyvxL =P, xLA.plt x Num.plt

PN :Net photosynthesis rate per leave area, mg/im?2z)
L : Total leaf area in a room, m2/room

Cy =1 *(0.02%100) = 2 mg/(s.room)

CI’ZHH(ﬂrm—,ﬂmu}KE

A : Ventilation rate, 1/h

Vr : Interior Volume

peain - Inside COZ concentration. mg'ma3
pcaout - Qutside CO2 concentration. megmd

I Cv =0.02*(1799.5-733)*500 / 3600
= 2.9625 mg/s

C,=C,+ Cy=2+ 2.96=4.96 mg/s

Lamps Cv 3.0 mzis room
[P -.:}
|
e gap
:':"-.r 2 . 0 m=is room)
Cs 5.0 m=is room
Humidifier Sl
| Q
Simulation
LA per plant 0.02 | p/plant Num. of plants | 100| plants/room
Room length 10)m Roomwidth| 10|m Room height 9m
Room volume 200. 0 miroom A 0.02]| 1/h
1) Room net photos. rate(CN) 2.0 mg/(= room)
Net photos. rate per unit leaf area 1.0| mg/im? s)
2) CO?2 loss by ventiration(CV) 3.0 mg/(s room)
CO2 conc. in 1000 | ppm 178959.5 mg'm3
CO2 conc. out 380 | ppm 133.0 mgm3
3) CO?2 supply to reom(CS) 5.0 mg/(s room)




WATER BALANCE




deg.C %o density =~ VP, kPa ah, ke/ke  Enthalpy.kl/kg VD.g/m3 VDD, VDD, ..
T leaf 25 RH leal 100 1.14 3.17 23.01
T in 25 RH in 80 1.14 2.53 0.016 63.77 18.41 4,602
T out 5 RH out 40 1.23 0.35 0.002 10.42 2.72 15.69
Water balance T per room 3191.1{mg/s/room
LLAperPlt 0.1 m2/plant Vapor transpired by plants
NoofPlts 6000 plants/room
Tr 5.3 mg/m2/s Vw per room 34.9Img/s/room
ACH 0.02 1/h Vapor loss by ventilation
Room volumn 400 m3
TR+H=Vyw, orH=Vw-Tg (De)H needed -3156.2 [mg/siroom
Ty = Tr*LAperPIt*NoolPlts Value > 0 means Humidification
Vw=VololRoom*ACH*(Vdin-Vdout)*1000/3600 Value < 0 means Dehumidification
PF simulation | COZ2 balance | Water balance | Energy balance ©) ¥

FRCA A vt (3191, 1) 4 ik iR E (34.9)

~—

$PRRL G R pode g R AR A e n




Lamps Fw | 43.6mg/ (5 rpom)

ASC
B Ta+ H=D+Vr

Vir = A% (Ve — Vo ) x V>

i) 0.0mg/ (3 room) ir 2.0mg/ (3 room) A : Ventilation Rate, Lh
IY'din  :Inside water vapor density, mg/'m3
Vdout :Out=ide water vapor den=ity. mg/m3

H Ir : Interior volume, m3

4l. 6 mg/ (s room) TRZEK..[.

: Transpiration rate per leaf area. mg/(im?2 =)
i::] : Total leaf area of a room. m2/room

Humidifier ﬁ-ﬁ:ﬁ Eﬁ éﬁ&ﬁ
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S1mulation

Temp. 1n 22/C ERHin
Temp. out 2|C RHout

LA per plant 0.02| m2/plant

Room length 10/m Room width

Room volume 2000 m2/room
1) Transpiration rate of room(TR)
TR per unit leaf area
2) Water loss by ventiration( VW)
3) Humidfication(H)

4} Dehumidification(D)

N NN\

80|05 Vdsin 18.4 g/md =23.01 *0.8
I
40| 9% Vdsout 2.7 gm3 =479*04
MNum. of plantz| 100 plants/room
10/ m Room height 2| m
J.I%. D'DE llllh
! :
2.0 ! [:E I"I:I-EI'[EIJ Temperature,C
] a5 10 15 20 25
1.0| mg/im? =) N T T T T T T
= . L . . L . U U, L .
P 20 0.97 1.36 l.88 2.56 3.45 4.6
43.8 mg/(zs room) |§ B +— =
E 40 1.594 2.72 3.76 5.13 0.91 9.20
41_5 IIlg."[E rﬂﬂm:l E a0 2.91 4.08 D.0d T.69 10.38] 13.81
o a0 3.87 5.43 T.5l] 10.25%] 13.82] 13.41
0.0 mg/(= room) = | 100] 4.4 6.79] 9.39] 12.82] 17.27] 23.01

To.=Tr*L=1%*2=2mg/(s.room)
V, =0.02%(18.41-2.72)*500/3600 = 0.0436 g/(s.room) = 43.6 mg/(s.room)

TR+H=D+Vw, 2+ H=D +43.4, D=0 (no dehumidification), H =43.6 -2 =41.6




ENERGY BALANCE
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1000/1900 = 52.63%, H 4 % Qs 900/1900 = 47.37%
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deg.C % density VP, kPa ah, kg/lkg Enthalpy.k]l VD, g/m3 VDD, VDDy ou
T_leaf 25 RH_leaf 100 1.14 3.17 23.01
T_in 25 RH_in 80 1.14 253 0016 65.77) 1841 4.602
T out 5 RH_out 40 1.23 035 0002 1042 2.72
Room dimension Lg 10 Wd 10.00 Hgh 4.00 m
Room volume 400 m3 ACH 0.02 K, (conductivity of walls) = 0.10

Energy balance

WL+ W.=Qv+Qc+Qa
Total W of lamps (W} ) 36360.0)W/room, Total W of other equip. (We) 0|W/room
Heat loss by ventilation (Qv) 140.7|W/room
Qv = (Enth_in - Enth out) * Density in * VolofRoom * ACH/ 3.6
Heat loss by conduction (Qc) |  720.0|W/room
Qc = 2*(Lg*Wid+Wid*Hgh+Lg*Hgh) * Kw * (Tin - Tout)
Heat carry away by AC (Qa) | 35579.3|W/room
Qa=W +W,.-Qv-0Qc

PF simulation | CO2 balance | Water balance | Energy balance (®)




Temp. in

C RHin
EI C RHout

Temp. out
Lamp type
Room length
Room volume
Heat production by lamp=(QSL)
Short wave radiation(S)

Lone wave radiation(L)

eat loss by ventiration(@V)
Heat loss by conduction(@C)
Heat carried away by ACIQA)

IEI % LA per plant
% Num. of plants plants 2454 N } 2 3 pe J}', 2 IR B % é o
» > » LJ m = \ 7\
Total W of lamps | 8000| Wiroge T4 -+ & B Bl 5

m Room width IEI m Room height

S500.0 mi froom

S5118.7 J/i=2 room)
1231.1 J/(s room)
1650.2 J/(= room)
176.0 J/(s room)
800.0 J/(s room)

J024.0 J/= room)

m2/plant



RERMBNBEA M ETE - MEASEFEIR
#43{E(enthalpy):
1. Zi#h Sensible heat of 1 kg air
Hs (in J/kg) =T* Cp
2. /&% Latent heat of 1 kg air:
H, (in J/kg) = Wx * Vd /p;, = Wx * AH

HE : Sensible Heat, Jkg
T : Temperature,
* Conversion from Jig to Jkeg 1z 1000 gke

HL :Latent Heat, Jke

W= ! Vaporization Heat of Water, J'kg
Vd :Water Vapor Density, kg'm3
par : Air Density. kg'm3

REREAR - REINSRES - Hs B H EBiEE
B PREIMEL -

EANEETZREECEEMREREIERE
(W, and W,) - —izREXEBEEHEESREARIE
£ - EEmMSEE  sEETEINAOTF .

WL"‘WE:QF_I'QF_I'QE

Tempersty  RH densiry = 19V f 3 enthalpy kelkes
25 RHleaf ®: 100 1.14 B Vds leaf

25 RHin % 80 114 3 0.016 | 6577din

5 RHout, % 40 123 : 0.002 10.42 VDD

Hs = 25 * 1006 J/kg.K = 25.15 kJ/kg
Wx = 2441.7 kJ/kg vapor @ 25 °C
H, =2441.7* 0.016 kg vapor/kg air = 39.06 kJ/kg air

Hs + H GKIRAQQGL r 5 2 M Z § 082 B

Tam RS L

Heat of vaporization, AHvap

[Wimell  [kJkg]l  [Whikg] [Btu(IT)lbpy]

0.61165 45054 2500.9 694.69 1075.2
0.70599 44970 2496.2 £693.39 1073.2
0.81355 44883 24914 692.06 10711
1.2282 44627 2477.2 6688.11 1065.0
1.5980 44456 2467.7 685.47 1060.9
2.0847 44287 2458.3 G82.86 1056.9
£.3393 44200 2453.5 681.53 1054.8
3.1699 43988 24417 678.25 1049.7
4.2470 43774 2429.8 674.94 1044.6

: Electrical energy supplied to lamps. J/=

> Electrical energy supplied to other equupment 1n a room., J/'s
: Heat by ventilation. J/=

: Conduction heat. Jis

: Exhanst heat from air conditioners. J/s
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Ov =(En— Eou) Xp arx AxVr

._TJ bt - ] : Inside enthalpy. J'ke
} : Outside enthalpy, Jke
: Ventilation rate, 1/h

2 % IJ
T ? e g
- T T Lamps > Volume of a2 room. m3
= # p
S L

“ BT B o R

Qsi

W =Qg +S+L Qc = (Ton— Tour) x Kiv x Ar

Tin :Inzide temperature, C

) - Tout rOutside temperature, C
Qs : Amount of heat production by lamps. J/=s . Hent conduction dient, Ji(s m? C)

S : Amount of energy of shortwave radiation, J/= | ar : wall, ceiling, and floor area, m?2
L : Amount of energy of long-wave radiation, J/s . N y
=R E Yot o el el
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Simulation
Temp. 1n 22|C RHin 80| %5 LA per plant 0.02| m%plant
Temp. out 2|C RHout 40| % Num. of plants 100 | plants/room
Lamp type INF o Total W of lamps.“ S000 meuml
Room length 10|m Room width 10| m Room height 2| m
Room volume | 500.0 o /room [ Wr=0s+5+L] ACH 0.0Z] 1/h /
Heat production by lamps(Q3L) 5118.7 J/(zroom) | Inside enthalpy (h) = 65.81 /
o Outside h = 10.42 kl/kg
Short wave radiation(S) 1231.1 Jiizroom) | gh = 65.81 - 10.42 = 55.39
Long wave radiation(L) 1650.2 Ji(s room) | &~ ? ;8* 1.1754:5\/(\),0*0.02/3'6 ]
- Qc=(25-5)* k *(400) = 800 W
Heat loss by ventilation (7] 176.0 J/(= room) BERAE B k =0.1
Heat los=s by conduction(@C) 200.0 J/iz room) | ERRFRREQ,=
8000-178-800 = 7022 W
Heat carried away by AC(QA) 1024.0 Jierooml | W+ We=0r+0:4+0a | %
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Plant v 02 balance €02 Price kg CO2 costNT$  Ratic
crop type (lght) std Pm= 0.241 Pmax= 0.88 mg/(m?2.s) CO2 supply to room (Cs) 55.78 mg/(s.room) 20 C02used  per day 321 64 2325
crop type (CO2) std Re= 1408 Photosynthetic Capacity Net photos. rate in room (Cy) 52.74 mg/(s.room) NTS/kg /day/plant 0.0005 0.0107
KI 100 Wim2  GI 0.35 CO2 loss by ventilation (Cy) 3.04 mg/(s.room) /day/m2 roon 0.0321
Ke 440 mgm3  Ge 0.78 Ps: Photosynthesis 0.19 mg/(m?2 s) Co=Cy+ Gy per month 0639 1928
CO2 m chloroplast 848.7 ppm 1525.9 mg/m3 Rp: Photorespiration 0.01 mg/(m2.s) Jater balance per year 1172.69 23 454
Tm 25 GTIL 1.0 Rd: Darkrespiration 0.10 mg/(m?2s) Transpiration rate of room (Tg) 27959 mg/(s.room) Flec fee: Light cost NT$
a 15 Kpr 0.04 Pn: Net Photos. | U.[]leg-(m?.s) (De)Humidification (H) -2761.0 mg/(s.room) 35 Light elec 36.44 kW/room
Rd(20C) 0.07 Q10 2.00 Water loss by ventilation (Vi) 34.9 mg/(s.room) NTSkWh 583 kWh per day 2041 T30 o
Environment T, dae RH. % demsiy=15v VP, kPa ah  Enthalpyidl VD, gm3  VDDiersy VDDioow Te+tH = Vw Light Period 0.097 kWh /day/plant
Leaf T 25 RH_leaf 100 114 317 23.0 16 5.83 kWh/day/m? room
indoor T 25 RH in 80 114 253 0.016 65.77 18.4 4.6 NErgy balance 17481 kWh per month 61,219
outdoor T 5 RH _out 40 123 035 0.002 10.42 2.7 15.7 |k (conductivity of walls) = 0.1 | 212810 kWh per year 744 834
CO2 indoor (ppm) 1200 -=mgim3 21573 1.80 PnTr= 0.0189| = Transpiration Efficiency (TE) Total W of lamps (W) 36360.0 W/room Elec.fee: AC cost,NTS
C02 outdoor (ppm) 410 ->mgm3 7902 1.93 Tr/Pn= 53.012|Rav 100.0 s/m Total W of other equipment (W.) 80 Wiroom 3 AC elec 11.86 kKW/room
Wind (m's) 1 m's CropType  high std low Riv 520.7 s/m Heat loss by ventilation (Qv) 140.7 Wiroom COP 190 ¥Wh per day 664 24.0 o
Rlv = 632.7174 520.6322 388.387 Riv.inc 366.9 s/m Heat loss by conduction (Qc) 720 W/room 0.032 kWh/day/plant
ACH 0.02 1/h CropType  sid low Rv.total 987.6 s'm Heat carry away by AC (Qa) 35579.3 Wiroom 1.898 kWh/day/m2 room
Rlv.inc = 366.9 183.5 Tr | 4.66|mg-(m2.sj 5693 kWh per month 19924
Culture room WL+ W.=Qv+Qc+Qa 69261 kWh per vear 242 414
Room length 10m space ufilization 0.5 Leaf area'plant 0.1 m2/plt Capacity of AC required 10.108 RT, Note: 3.52 kW per Refi. Ton
Room width 10 m No. of layers 4 Number of plants 6000 plt'room
Room height 4m Culture area 200 m2 Total leaf area 600 m2 Operating cost (CO2 + AC & Light Flec) EY 100 gkWh
Room volume 400 m3 Cropping density 30 plts'm?2 LAT 3 Ratio of OP cost per day 2769 [NTS Yield 58.3 kg/day
Lighting ACH C02  Lightelec AC elec |per month 83,071 [NTS 1740 kg/month
W per LEDtube 20 Wiamp Number of LEDtubes 1818 PAR 54 Wim?2 0.02 2.32% 73.7%  24.0%|per vear 1,010,701 |NT$ 20989 ko/year
No LEDmbe/laver 6 PPFD 230 p.mol—ml-s DLI 14.4 mol'm2/day
Bench area per laver 0.66 m2 Light Period 16 hiday  Power consump. / cural area 181.82 Wim2
Total W of other equip (W.) 80 Wiroom Total Woflamps  36360.00 W/room
PF simulation | CO2 balance | Water balance | Energy balance @ q
o — A~ sl
. i R i -




CO2 balance CO2 Price kg CO2 cost. NT$ Ratio
CO2 supply to room (Cs) 2678 mg/(s_room) 20 O02 psad per dav 124 31 1.13%%
Net photos. rate in room (Cy) 26.06 mg/(=_room) NTS/kg fdav/plant 0 0003 00051
CO2 loss by ventilation (Cx) 072 mg/(s_room) fday'm?2 roomn 00134
Co = Cyp= Cyr per month 4627 Q25
Water balance per vear 56294 11,250
Transpiration rate of room (Tg) 31911 mg/(s.room) Flec_ fee: Light cost.NT$
(De)Humidification (H) 317327 mg/(s.room) 3.5 Light elec 36 44 KWiroom
Water loss by ventilaion (WVw) 174 mg/(s room) NTSEWh 383 KWh per dav 2041 74.6%
Tp+H = Vw Light Period 0097 KWh /day/plant
16 3. 83 KWhidav/m?2 room
Energy balance 17491 ¥Wh per month 61.219
Ik (conductivity of walls) = 0.1 212810 xWh per vear 744 834
Total W of lamps (W) 363600 Wiroom Elec fee: AC cost NTHE
Total W of other equipment (W.) 20 Wi room 3 AC elec 11 88 KW/room
Heat loss by ventilation (Qw) 703 Wroom COop 190 XWh per dav BG5S 24 3%
Heat loss by conduction ((Jc) 720 W/room 0032 KWh'day/plant
Heat carry away by AC (Qa) 35649 7 Wiroom 1901 KWhiday/m2 room
3704 KWh per month 19964
W = Wo=0Qv = Qc = Qa 69308 ILWh per vear 242 803

Capacity of AC required 10128 BT, MNote: 352 KW per Refri. Ton

Ohperating cost (CO2 + AC & Light Elec) EY 100 = 1cWh

Eatio of OP cost per day 2737 |NTS Yield 58.3 kg/davy
ACH o2 Light elec = AC elec |per month 82.108 |[NTS 1749 kg/'month
0.01 1.13% 74 6% 24 3%]per vear 008 985 |INTS 20989 ko/vear




CQO2 balance CO2 Prics kg CO2 cost,. NT$ Ratio
CO2 supply to room (Cz) 2678 mg/(s. room) 20 CO2 vsed  per day 1.54 31 1.27%0
Net photos. rate in room (Cy) 26 .06 mg/(s_room) NTSke fdav/plant 00003 0001
CO2 loss by ventilabion (Cv) 072 mg/(s_room) fdavim?2 roomn 00134
Cz = Cu+ Cy per month 45 27 Q25
Water balance per vear 562.04 11,250
Transpiration rate of room (Tg) 3191 .1 mg/(s.room) Elec fee: Light cost NT%
(De)Hurmidification (H) -3173.7 mg/(s.room) 3.5 Light elec 3644 KW iroom
Water loss by ventilation (V) 17 4 mg/(s_room) WTSEWh 383 KK'Wh per davy 2041 83 8%
Tp+H = Vi Light Period 0097 KWh /dav/plant
16 583 KWhidayv/m2 rooim
Energy balance 17491 KWh per month 61.219
k (conductivity of walls) = 0.1 212810 KWh per vear 744 834
Total W of lamps (W) 363600 Wiroom Elec fee: AC cost. NT%
Total W of other equipment (W) 20 Wiroom 55 AC elec 648 KW/ room
Heat loss by ventilation (Qv) 702 Wiroom COP 104 IWh per day 363 14 9%
Heat loss by conduction (Qc) 720 Wiroom 0.017 ItWhi'davy/plant
Heat carry away by AC (Qa) 35649 7 Wiroom 1.037 I'Whiday/m2 room
3111 KWh per month 10889
WL+ W.=0Qwv+Qc+ Qa 37853 KWh per vear 132 487

Capacity of AC required

10128 KT Note: 3.32 K'W per Refri. Ton

Operating cost (CO2 + AC & Light Elec)

Ratio of OP cost per day
ACH CO2 Light elec  AC elec |per month
0.01 1.27% 83 8% 14 9%|per vear

2434
73.034
888,570

NTSE

NTSE
NTSE

EY
Wield

100 = kKWh
383 kg'day
1749 kg/month

20089 lkg/vear




DY =EY x DPC /1000

£ v q kA & (Energy Yield, EY, in g.kwWh1)
p 4<% (Daily Power Consumption, DPC, in kWh.day1)

EY =100 g.kWh1 -~ DPC = 583 kWh.day!
DY =58.3 kg,day' = 1.749 #g/month = 21 =g/Year
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CultivatioirRoom

Room length space utilization : Leaf area/plant

Room width No. of lavers Number of plants
Room height Culture area 200 m2 Total leaf area
Room volume 3 Cropping density 'm? LAI

Tr=6.9, Leafarea/plant=0.1, No. of plants =600
Tz =6.9x0.1x6000 = 4140 mg/s/room

b/

(.1 m2/plt
6000 plt'room
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Lighting
W per LEDtube 20 Wiamp MNumber of LEDtubes 1818 PAR

No.LEDtube/layer 6 PPFD

34 Wim?2
250 p.ﬂml-"ml.-"s DLI 14 4 mol'm2/day

Bench area per laver 0.66 m2 Light Period 16 h'day  Power consump. / cural area 18182 Wim2

Total W of other equip (W) Total W of lamps

£ 32 % & 200 m? > No. LEDs =6 *200/0.66 = 1818 % & &
Hr4£32e 473 L #=6x20/0.66=181.82 W/m?
kLT R 3 =20 x 1818 = 36360 W/room



CO2 balance Cy=0.71 x 0.1 x 6000 = 426 mg/s/room s jﬁ %. B> = 2R A ﬁ ff.:

CO2 supply to room (Cs) 44367 mg/(s.room)

Net photos. rate in room (Cy) 428 48 mg/(s.room) 3 T

CO2 loss by ventilation (Cv) 1519 mg/(s.room)

Ce=Cy+Cy VORATE R B § 0L p e e ag
Water balance T = 6.9 x 0.1 x 6000 = 4140 mg/s/room A KA D F LS A

Transpiration rate of room (Tg) 4140.1 mg/(s.room)

(De)Humidification (H) -3065.8 mg/(s.room) R

Water loss by venfilation (V) 174 3 mg/(s.room)

Tp+H = Vi V, =0.1*15.7 * 400 /3.6 = 174.4 R TR i B E R 4 4L

i 1\:'1“,7 W E T A /

Energy balance

e N )
Nb:%_‘lfi‘r’

k (conductivity of walls)= 0.1

Total W of lamps (W) 36363.6 Wiroom
Total W of other equipment (W) 80 Wiroom
Heat loss by ventilation (Qv) 703 4 Wiroom
Heat loss by conduction (Qc) 7120 Wiroom
Heat carrv awav bv AC (Qa) 35020.2 Wiroom

Qv=0.1*400*5535*1.14/3.6=701W

WL +W.=Qv+Qc+0Qa
Qc = 0.1 * 2%(10*10+20*4) * (25-5)= 720 W
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CO2 Price
20
NTSkg

Elec fee: Light
35
NT5KEWh

Light Period

Elec fee: AC

3
COoP

kg CO2
per day 3595
/day/plant 0.0062
/day/m2 roon 0.3695
1108 46
13486.23

CO2 usad

per month

per vear

Light elec 36.44 kW/room
383 kWh per day

0.007 ¥Wh /day/plant

cost, NT$
739
0.1232

5.83 kWh/day/m2 room

17491 kKWh per month

212810 XWh per vear

AC elec 11.67 KW/ room
187 k¥Wh per day

0.031 KWh/day/plant

61.219
744 834
cost NTS

654

1.868 kWh/day/m2 room

5603 kKWh per month

68166 K'Wh per vear

9048 RT, Note: 3.52 kW

Light elec

30 4% 19.0%|per vear

19609
238 580

Ratio

£

19.0%

st Refri. Ton




CO2 balance CO2 Price kg CO2 cost. NT% Ratio
CO2 supply to room (Cs) 2678 mg/(s.room) 20 O02 wead per dawv 1.54 31 1.13%
et photos. rate in room (Cyy) 2606 mg/(s.room) NTS/kz fdav/plant 00003 00051
C0O2 loss by ventilation (Cy) 072 mg/(s_room) fdavim?2 roon 00154
Cz = Cy+ Cy per month 46 27 o025
Water balance per vear 562.94 11,259
Transpiration rate of room (Tg) 31911 mg/(s.room) Flec fee: Light cost. NT%
(De)Humidification (H) 31737 mg/(s.room) 3.5 Light elec 3o 44 KWiroom
Water loss by ventilation (W) 174 mg/(s_room) MNTSEWh 383 KWh per day 2041 74.6%
Tp+H = Vi Tiod 0097 KWh /day/plant
16 3 83 KWh'dav/m?2 room
Energy balance 17491 ¥Wh per month 61.219
k {(conductivity : = 212810 | kxWh per vear 44 834
Total W of lamps (W) 363600 W/room c-fee AC cost. NT%
Total W of other equipment (W) 80 Wiroom 3 ﬁjf_:lEEii ~ 11.88 KW/rocom
Heat los=s by ventilation (Qv) 703 Wiroom — - 190 EWh per dav OG> 24 3%
Heat los=s bv conduction (Qc) 720 W/room—— 0032 KWhiday/plant
Heat carrv away by AC (Qa) [ 356407 1‘-—':‘%0011@ 1.901 KWhidav/m?2 room
T — 3704 1Wh per month 19964
Wi+ W.= Qv+ Qc ~ Qa I e 60398 KWh per vear 242 803

—_—

Capacity of AC required 7 10128 BT, Note: 352 KW per Refri. Ton

DOperating cost (CO2 + AC & Light Elec) EY 100 = 1cWh

Ratio of OP cost per day 2737 |INTS Tield 58.3 kg/dayv
ACH CO2 Light elec = AC elec |per month 82,108 |[NT% 1749 kg'month
0.01 1.13%0 74 6% 24 _3%]per vear 008 085 |[NTHE 20989 ko/vear
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— Plant — COZ Balance
Plant type (light) Std. W Plant type (CO2) |Std. P C02 supply to room(CS) 3.0 mg/(s room)
+ 3 X Haumak _
Kl 100 GI 0.10 Net photos. rate in a room(CN) 0.1 mg/(s room)
Ec 0| mgm® Ge 0.79 C02 lozs by ventiration(CV) 3.0 mg/(= room)
CO? in chloroplast | 848.7 ppm =1663.4 mgm? Cs=Cn+Cr
Tm 25| °C GT1 1.00 Photosynthesiz = 0.16 mg/(n’s) _
- 5 Kpr 0.12 Photorespiration . 0.02 mg/(nr's)
Rd (20C) 0.07| mglinrs)Rd 0.10 mg/(nrs) Net Photos. 0.04 mg/(nrs) — Water Balance
3.14 *0.02 *.100.=.6.28 mg/s/room
— Environment Transpiration rate of room(TR) 6.3 mg/(s room)
Temp. 1n 25| ' EHin 80| 9 Vdsin 18.4 g'm3 Humidification(H) 37.3 mg/(= room)
Temp. out 53 'C RH out 40| o5 Vds= out 2.7 gm3 Water loss by ventiration( VW) 43.6 me(= room)
CO2in 1000| ppm 71798.5 mg/m® Rlv 1059.7 s/m Dehumidification(D) 0.0 mg/(s room)
CO2 out 380 ppm 7 733.0 mg/m® Rav 100.0 sim TR+ H=D+Vw
Wind 1] mis Inc. of Rlv 306.0 s'm _ _
TR 3.14 mg/(nr's)
— Culture room — Energy Balance
Room length 10| m Room width 10| m Room height o m Total W of lamps 8000 W/room
Room volume 200.0 m3/room Culture area 200( me? A 002 1h Total W of other equipment g0 Wiroom
LA per plant 0.02| m?plantNum. of plantz | 100| plantsiroom Heat loss by ventiration(@V) 176 J/(z room)
ﬁiﬂhﬁ-ﬂﬂ ‘ﬁ Heat loss by conduction(@C) 200 J/(= room)
Lamp type INF e Num. of lamps | 200| lampsroom PPF 51.5 pmolim? =) Heat carried away by ACIQA) 7104 J/(= room)
W per lamp 40| Wilamp U 0.8 PAR 11.2 Wim' Wi+ We= QF i Q,_- + Qﬂ
F 3500| Im/lamp M 0.8 Total W of lamp 8000 Wiroom _ I 61
MNE 80| Wircom
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« ltis always important o know what kind of lights will be used and how many of them
are necessary.
 What are the light quality, duration and intensity required?
» Factors affecting light intensity on the surface of plants:
1. Distance beh./veen lights and plants. R e
2. Presence of light reflectors. 3R e
3. Performance of light reflectors B ’
4. Surrounding environment, such as spacing among plants, color of walls or ceilings,

distance of plants and walls, etc.
« An empirical equation is used in the area of architecture or lighting which calculate /
the light intensity with various light sources or room shapes.
/4

FxUxMxn 4 lux 2t & Coefficient of utalization can be obtained froma chart of coefficent of

Ca

R4 FEEY?
: Average light intensity, Ix .R_L o RH’
! Luminous outputs per lamp. Im R —_—

utihization with miven room 1ndex and reflection ratio.

: Coefficient of utilization R % (RL T RH)

: Maintenance factor R : Room 1ndex
: Number of lamps. number

- Culture area, m? R, Ry Ry Room length, width, height, m



WL gooo W - :
2240 lux = PPFD o Simulation ,
W per lamp 40 | Wilamp ]
Fluorescent lamp 5000K  30.22 - —
_ F 3300( 1mlam
Natural daylight 39.65 [ -
Num. of lamps 200 | lamps/room

Halogen lamp 3000K 77.47 Lamps o —
High CRI LED 6500K 38.6 @ A 0.8

' PPF  25.7 wmoldnf s) o -
High CRI LED 4000K -
HPS 2000K 29.06 7\2 st El /] EQ 15 sor S0 prmoli(m? s)
Red LED 650 nm 172.14 DA & & Wimo
Blue LED 450 nm 258.84 Total W of lamps [ 8§0000] Wiroom
Red+Blue LED 198.76 Q Nﬁ]

_ E ! E || 7 7
5568165286*%‘;?0'}—(5[) 5754 WL (total W of lamps)= W/lamp*n
nm '

Th fficient of utilization (U): The % of light irradiated from light hes th = 40 #200=8000 W

e coefficient of utilization (U): The % of light irradiated from light sources reaches the _
surface of plants. It is estimated 70% in efficient PAL. E = (F UM n)/RA
The maintenance factor (M) accounts for deterioration of light sources by aging. A = 3500*0.8*0.8*200/200
number of 60% for fluorescent lamps that have been used for a few year.

= 2240 Im/m?= 2240 lux
PPF = E/87 = 25.7 umol/m?/s

Fluorescent lamp only d lux @5 K EF HE o > v EE?

assumed that 87 Ixisequal to 1 pmolim?2 s or 0.218 Wm2. | PAR=PPF/4.589 = 5.6 W/m? 64
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Environment e

smpEraty  RE density = 'SV Vps enthalpy ks
Leaf (o) 25 RHleaf % 100 1.14  3.17 Vds leaf

23.0 g/m3

indoor (oC) 25 RHin %o 80 1.14 317 0.016 6577 Vd in

18.4 g/m3

outdoor (°C) 5 RKHout,% 40 1.23 087 0.002 10.42 VDD

4.6 g/m3

CO2 indoor (ppm) 1200-> mg/m3  2157.5 1.80 Vd out

2.7 gm3

CO2 outdoor (ppm) 410 - mg/m3 790.2 193 Rav
Wind (m/s) 1 m/= CropTvpe high ztd low Rlv
Rlv = 300 200 100 Rlv.mnc

100.0 s/m

2000 s/m
366.9 =/'m

666.9 =/'m

/

ACH 0.02 1/h CropTvpe std low SN Rv_total

0.90 mg/(m2.s

Rivinc= 3660  183.5 \‘

dh =65.77 - 10.42 = 55.35 kJ/kg

Vol = 400, ACH = 0.02, density = 1.14

dh perroom =0.02 * 400 * 55.35 * 1.14 / 3.6 = 140.22

If ACH=0.1, dh perroom = 140.22 * 5 =701 W/room

dvd = (18.4-2.7) =15.7 g/m3, ACH = 0.1 /

Water loss by ventilation = 0.1 * 15.7 * 400 / 3.6 = 174.4 mg/s/room




