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stae | davs density/days*den|success| pits- |plts-wks avﬁ(i- area-
& y plts/m* sity |ful rate|wks/m2| ratio . wks
ratio .
ratio
1 7 333 2331 1 333 8 | 0.003
2 14 40 560 1 80 2 0.05 1
3 14 20 280 1 40 1 0.10 2
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area Rel.
density [days*denjsuccessf| pits- |plts-wks area-
stage | days plts/m? | sity | ul rate |wks/m2| ratio wk.s wks
ratio .
ratio
1 14 333 4662 1 666 | 33 | 0.006
2 14 40 560 1 80 4 0.05 1
3 7 20 140 1 20 1 0.05 1
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400 plants wkl wk2 wk3 wkd4 wk5 wk6
stage? 10 10 10 10 cp3 cp3

stage3 20 20 cp3
Not proper

400 plants wkl wk2 wk3 wkd4 wk5 wk6
stage?2 5 5 cpd  cp3  cpdS  cpd
5 5 cpd  cpd

stage? 10 10 cp3 cpd cpd
Better




I%\:[«]?: 2}\4:9:;‘;)}{ i?‘? I}IJ

¥ u & ¥ =3 G R
Sk : ——HF fﬁ}l ¥ = PEFTE?» ‘i?;bfﬁi
PPFD sk € (umol/m?/s) 230430 270+30
LP skixdp (B /a5 » h) 24/0 16/8
DLI (mol/m?/day) 20 16
T #:E (P/% > °C) 22 22/20
RH 48 $Hi& & (%) 80 ~ 90
EC & % & (mS/cm) 1.2+0.1
PH Bidk R 5.840.1
=5 “®ER (ppm) 12004100
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170.1 m*
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320.1 m” = 97 £
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ATl 680.4 m’

FRERE 1000 #&/H
B E] 21 H HERREL 21000 #hE & TR 170.1 m’
LR 4 g HoA S A 150 m?
FREE 18cm  EfE 309 fiim® AT 320.1 m’ = 07 Hf
HEFEK E 150 Ltmol/m2[s>> 4B K (IREARR=]) 02060 umo
HEHA R 0.7 HLE K (BREHZCRAL) 45800 1mo
NI no. of chips umol/s
LED chip 1 0.06 2,430,000 %8 LED chips 115.71 HHLED chips/ #: 0.009 #&/LED chip
LED &% 200 12 12,150 #} LED g 0.58 #RLED e/ 1.728 #{LED f5'&
LED >t 400 24 6,075 E LED 3% 0.29 K LED yefa/kk 3.457 HRILED St
TFL (&% 1 15 9,720 #f TFL &% 0.46 #8 TFL et 2.160 #R/TFL &
i
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Green Flavor (66) 7 300 7.26 33

OoToya (160) 7 350 15 33

Urban Farm | 546 (400) | 9 1200 67 (91) 10 (30)
Ozu (500) 7 1500 11 33

Mirai ((.21) 1000 | 10 | 4000 8.25 33

Fairy Angle 2870 10 8000 18.7 51.9
Mirai ((.31) 3000 | 10 | 10000 9.9 33

* fEE Sk 100 g - &4 365 KIHIE S
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e E S aghERS 600000  22369.36
e 234430  10606.06

HreE 8 heEedE heEedE ek
£ NTS$/4E  NT$/m2/AE  NT$/ER/AE

Ye EL 7 SN RS 10 60000 2237 2.90
Ve 5 56896 2121 2.75

sum= 5.65
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0.5 15 21 15 1.21 1.15

| 05 18 28
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04 15 21 15 1.51 1.15
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| 0.4 I 18 28 4 12 3.62 2.75
0.7 15 21 5 15 0.86 1.15
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12 2.07 2.75
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sum= 5.65 /
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Jo;ﬁ A Spectral distribution ~ j& E

BT N TR T

L1: RWB 1.64
L2: RW 22 37 40 1 0.59 | 1.08 40
L3: SunLike 25 36 34 5 0.69 | 0.94 6.8
BPFD (300 ~ 800 nm) =278 ~ 286 + 10 pmol s-1m-2

Vi R s —+ 2, IR 53 % L 2L 5°
i\‘iﬁéﬁi%~~ﬂ.?£%méb\?ﬁa

RWB x 6 wks 1.64 x 6/6 = 1.64 45
RWB x 5+4RW x 1 (1.64 x 5+0.59 x 1)/6 = 1.465 (4.5 x 5+1.08 x 1)/6= 3.93
SunLike x 6 wks 0.69 x 6/6 = 0.69 0.94

21



Treatments of 3 LEDs

Treatments DAS = 0~3 | DAS = 4~14 | DAS = 15~35

RWB x 6 L1 285

RWE x 5+RW x 1 L1 285 12,286
SunLike x 6 L3 278

Note :
Stage 1: NO EO.1_L? H24 d750 A25
Stage 2: N1 E1.2 L? H24 d750 A25
Stage 3,4: N1 E1.2 L? H16 d37_A25/23

Nx: N Nutrient solution, NO: Tap water, N1: NTU formula
Ex: E EC, x:value > in mS cm
Lx_y: L LED tube, x: type, 1 is RWB (B,3:G,,:R¢3), 2 IS RW (B,,:G5,:R,0:FR;),
3 is SunLike (B,s:G;4:R5,:FRs); y: BPFD value in pmol m-2st
Hx: H light period, x in hrs per day
dx: d cropping density, x: in pltsm2
Axly: A indoor air temperature, x/y: day/night temp., in °C 22



0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05

0.00

RWB

Sunlike

% )
)\_E' 3} ¢11 Relative Growth Rate

0.3935

0.3324
0.1662

0.2901 I

DAS =014 DAS = 15~21

0.2940 p.2896
0.1944
0.1389

DAS = 2228 DAS = 2935

B RWBx6 HRWBEB x 5+RW x 1 W SunlLike x 6

DAS =
0~14

DAS =
15~21

0.3935 0.2901 0.1389

RW
SunLike

0.1662 @ 0.3324 0.1944

0.1772
1509

DAS = 3642
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/\ Vg \‘2
- 2 %
7 K3
« 3R EW = 0E/RE = 5 2/CKkE + 55E)
c BEcE Y = RE/igE
A r % AT Y H 4 2N = - 72K v
ChkE =1 - EREN = BAG kS = KE/RE
A , 2 — o L7 L/ A , 3 ‘5,
e ZkBHE = kE/izE = G okEF = RizE -]
%@ 2]
\ P . /él\7j<2{§: AN = N=E7 N AV A=Y
PRy EE () HZH (g) Rz REELE | JRREZELD (B /KRB
iy | fEAEE | Py | fEmEE ||
9 0.0375 | 0.0042 1 0.0062 | 0.0009 || 83.56% 0.164 6.08 5.08
14 0.5000 | 0.1124 | 0.0514| 0.0110| 89.71% 0.103 9.72 .72
21 90.5250 [ 2.7055| 0.5417| 0.1563 || 94.31% 0.057 17.58 16.58
28 49.017 | 4.3357 | 2.4187| 0.2637 | 95.07% 0.049 20.27 19.27
35 137.7650 | 7.3982 | 5.1892 | 0.4005 || 96.23% 0.038 26.95 | 4 23.55




A » A , 7 4
2 k(7 k)4 - g2
e AR 205 B
R/ EH wRE | /KR | B/KEE| KRR R | R E AR
4.50 100 95.50% | 21.222 0
4.45 100 95.55% | 21.472 -1.1%
4.40 100 95.60% | 21.727 -2.2%
4.35 100 95.65% | 21.989 -3.3%
4.30 100 95.710% | 22.256 -4.4%
4.25 100 95.75% | 22.529 -5.6%
4.20 100 95.80% | 22.810 -0.7%
4.15 100 95.85% | 23.096 -7.8%
4.10 100 95.90% | 23.390 -8.9%
4.05 100 95.95% | 23.691 -10.0%
A 1, 2 ) - 9~
g kS = g
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£ X & X 3 (incm)

S HA  1.7x1.3x0.8 6.5x4x3 22x21x10 27x25x22

A4 & 1.9x1.1x1.3 5x2.9x3 19x18x9  21x20x12
e 2x1x1.5 6.5x2.6x4 19x18x11 25x22x17

L 1.8x1.2x1 5x4x4 17x13x12 25x22x18
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REE vs, AR R

FEARMEIRE, cm #2rs » H/m?
A 12 B 69
C 2.000 D 2500

* B =10000 / A2
sTEW] - 69 =10000 /(122
« C=100/sqrt(D)
=L 0 2= 100 / sqrt(2500)
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RUI=1/2 (1000 Wi/ (52D1)

spacing, cm  Di, plts/m2 Wi, wks  [1000¥Wi/(52%Di)  RUI Ratio

2 stages 6.16 264 2 0.15

18.9 28 3 2.06 0.45 1
3 stages 2 2500 1 0.01
6.16 264 2 0.15

18.9 28 2 1.37 0.65 1.44
4 stages 6 278 1 0.07
8 156 2 0.25
12 69 1 0.28

18.9 28 1 0.69 0.78 1.73
5 stages 2 2500 1 0.01
4 625 | 0.03
8 156 | 0.12
12 69 1 0.28

18.9 28 | 0.69 0.89 1.96

*RUL pF 5 FiRA1* 4718 35
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Absolute Maximum Ratings at T:1=25T

Parameter Svmbol Rating Unait

Power Dissipaion Pd 42 W
D.C. Forward Current If 340 mA
Parameter Test Condition Symbhol Min. Tvp. Max. | Unat

Forward Current If=840mA A% — 48 — \'

Recommend forward current for longer duration 1s 840mA.
These values measured by Optical Spectrum Analyzer of SOLIDLITE.

Properties of light (Measurement device model : HD 21022 Made in Italy)

Distance Center( Typ.)
20cm 268
25cm 212
30cm 168
35cm 134
40cm 110

[t mol/set







cm)
% H0cm * 30

LN (;h\‘ p i

A

W Sl d":
¥ ﬁk
EAPRFERR

IR

" =120
- : 1800 /15
-~ 1800 /6 = 30
x3=15 7 =
O 5 — 0/3 =600
0
1 -6 ) i
o W/3=14
- 42
1=3
3 X
18
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ZFT LED tube aFT LED e Bub
Phaoto '-n..“-‘ ./
Mocel ATDS0-13W-3A/C/D LG-FLINOP-08- 1 Z4A-C /W [WW-H ATI D-Z3W-3ACID LG-FLNOB-15-1 24A-CW/MWIWW-H | LG-LBATF-0B0-CWO-1244-101
NATE S 1 O0V-240V . 1 OOV-240V 90 - 264V
Inout voitage OOV/T IOV /20 [full range voitage) VX1 O 2N (il range voitoge] {ful renge voitage)
FER - . - -
Fawier CONSUMPACN =T 10w T3 5WET W 20w o
Tyricid Eminous TO0LS0 L 700Lm 1400100 Lm 1400Lm 00Lm
W CRI > 70% > 7O » 70% > 70% = 75%
ol e periure 500K 5000K FE500K 350K/ S000K/ 500K A0,/ SO00K /65008 500K,/ SO00K,6500K 500K £500K
SEFEE . _—
o > 90% > PO > 9% > 0%
#8 Socket spec 513 Medium Absrrirumy Fiostic G13 Medium Alsrrinum/ Plostic Adminum [ E27 |
R Dimarcion 24mirm T SEIE 28rmin "SESmim e ™ 1 198 A ™1 198mim 9.9 ™ 107 .5
HHA Ilumination - - - - I
e 0 o 0 0 20
Bran |
Operating -10* C~50° C 0" C~50" C -10° C~50° © a0t C-50° 0° C=50" C
temparabure
R e time > 30000 hours 30000 hours +30000 hours > 30000 hours >25000 hours
R/ Weight/Unit 115g M00£100 2130 4852109 500
MOG 1000 pes 1000 ps 1000 pes 1000 pes 1000 pes
LMIT PRICE NT$297 MTS477 MT$594 MT$714 NT$297
o RN AR R -

o SEREADMECE - RURS LR ST R 2000PCS -

+ox SR EH * 201205725




AT 20-23IW-3ASCID LG-FLMOA-18-1 24A-CW MW IWY
10OV 1 10V FZ20V (hut ,::E:J;’E;Eﬁmj
L3 OWE1W 20
140021 O Ly 1400 L
1000 pCs 1000 DCs
MNT$594 MT$714




2E (£ % 180cm * 110 cm)

B BE PRk ERER

cmooocm o RRE Wik

10 10 18x11=198 2°W>i.188£ 198= 750>;16%/198
15 15 12x7=84 ZOW;EE/%: 750x11027/84:
18 18  10x6=60 ZOW;\%%/ 60= 750>11205/60:
10 15 84 ZOW;%/%: 7sox116%/84:
15 18 50 20Wx41fZ/602 750X1152(;60 =




xSk A

180 cm*130cm / =& E =0.709
T 300 X (990 m?)

% # 900 ‘e

*k f‘ B Ff = 900 *(0.709 = 638 &=

12 3% » BE @& A 2700 §
5w 400 W - ;ﬁ04*9oo 360 kKW

H >~ w ff4£ % 360 * 1000 /(638*3.3) = 171 W/m?



212 5 f
300 4 4 3
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1 0.709 & x 900 = 638 =
&

GAE(ZFR* %) 505

-

£32 5 # 300 X 0.5 X 4 = 600 =

d 638 T &

feenz P % 55 053



Fy (EFEE 180cm* 130 cm)

REE PRk HRED

Cill wIGEE W/
10 18 x 13 =234 00 ;/.\93_34 B 30001(;/534:
15 12 x8 =96 4004\/.\/ 1/ 796 - 300;););96:
18 10x7=70 4005\/.\/ 7/ IO - 3002%70:







I £ A
K[ £ A
K IF £ A

1.71
4.17
0.71

128
312
429

0.0133

RELT
RELT
RELT

120
300
1600

0.0233



ol‘if%' L= 1% LU X 715}3@/,;;‘_'\

Xt (WIR) [ (R 13%) = Wi =

ke Le umoI/J
— ’é, /},%Illiﬁgwﬁ —?%‘t L__i\‘f"’f};_f P AT E sk &
umol/m?2.s “f e %ﬁ 1 #Hc W/m2

.]vj_f%" Lok
k=rxLe
> W/~ x umol/s/W = umol/s/~

FE - AN EE VR E K pmol/s dsk & 35 4 ¢



deimiE kR ¢ PR vs, £ 7

Case A Case B

PAR 244,72 180|umol/m /s

SR 4212 4.212|m”

Y 36 36(no.
AR 25.3 26|W
IR 1.13 0.81|umol/s/W
Le: Lighting efficacy umol/J |
IR ES 1 0.72|
NEESESES 1.4 |

B EE H B otk

50



Le of various Lamps installed per cultural bed

Distance
Corp._type of under PPFD Area PPFD x Area Power pertube No. Total Power Le
LEDs lamp  (umol m?s?t)  (m? (umol/s) (W/tube) tubes (W) umol/J
(cm)
SA_CW_18m 10 313.6£69.8 2.16 677.5 28.83 6 172.97 3.9
(0 deg.)
SACW_1.8m 10 3262774 2.16 704.6 28.83 6 172.97 4.1
(20 deg.)
SACW_18m 10 334.9186.6\, 2.16 723.4 28.83 6
(40 deg.)
AR_CW_12m 10 281.6+59.4/ 2.16 608.4 21.67 9
(0 deg.) ]
Save 11 8%

improve 18.9 %

*Area of culturalbed : 1.2 mx 1.8 m

improve 35.5 %



e of various Lamps installed per growth bed

No. of Lamp to PPFD Area  PPFD xArea  pawer Le

Corp._Spec.  lamps bed ((umol m2s1) (M) (umol s (W) (umol J)

LEDs distance
(cm)

CS DPN Tube x 9 20 139.2134.4 2.16 300.7 196 15
CS_DPN Tube x 9 10 186.7 £ 39.3 2.16 403.2 196 2.1
CS DPN Plate x 4 20 120.9t 36.4 0.72 87.0 143 0.6
CS_DPN Plate x 4 10 174.4+47.0 0.72 125.6 143 0.9
CS _DPM Tube x 9 20 127.8132.9 2.16 276.0 193 1.4
CS DPM tube x 9 10 168.0 £ 39.1 2.16 326.9 193 1.9
CS_DPM Plate x 4 20 174.0 £59.1 0.72 125.3 147 0.9
CS DPM Plate x 4 10 261.1£57.9 0.72 188.0 147 1.3
CS_DPM Plate x 12 10 387.3199.4 2.16 836.5 442 1.9
CS_DPA Plate x 4 20 167.6 £50.1 0.72 120.7 144 0.8
EG CW Tube x 9 20 17591451 2.16 379.9 228 1.7
EG RB Plate x 12 10 291.0+71.3 2.16 628.6 334 1.9
AR Ry teuralpgh o g2 mx 1 §gn 250 b55-Bes with feflectors o\ 283 1.9




Le of various Lamps installed per growth bed

No. of  Lamp to bed AvgPPFD( Area PPFD xArea  pawer Le

lamp lamps  distance (cm)  (umol m2s1)  (M°)  (umols™) (W) (umol J)
CS DPN  tubex9 10 186.7 *39.3 2.16 403.2 196 2.1
CS_DPN T“f; X 10 378.4 + 95.4 2.16 809.6 428 1.9
CS DPM  Tubex9 10 168.0 % 39.1 2.16 326.9 193 1.9
CS_ DPM  plate x 12 10 387.3+99.4 2.16 836.5 442 1.9
CS DPA  Tubex9 10 225.8 +49.1 2.16 487.8 189 26
CS_DPA  plate x 12 10 411.5+103.2 2.16 888.9 432 2.1
Cs_DPV Tube x 9 10 281.6 +59.4 2.16 608.4 195 3.1
CS_ DPY  Tubex9 10 168.3+34.7 2.16 363.5 188 1.9
E WW Tube x 9 10 210.8+51.0 2.16 455.3 229 2.0
E CW Tube x 9 10 263.8 + 64.2 2.16 569.8 228 25
S RB plate x 12 10 291.0+71.3 2.16 628.6 334 1.9
D_CW plate x 1 10 226.9+87.3 0.27 61.3 46 1.3
CW_FL tube x 9 20 250.0 + 57.5 2.16 540.0 283 1.9
SA_CW_1.8m tubex6 10 334.9 % 86.6 2.16 723.4 172.97 4.2

*Area of culturalbed : .2 mx 1.8 m

** LED tubes with reflectors



Photons required to harvest 1 kg
%
)/

Labor required to harvest 1 kg

Electricity cost required to
harvest 1 kg




;

Aread required to harvest 1 kg of vegetable

Option 1 Option 2 Option 3
e Bm Bk fEiE B Bk f&TE =iz Bk

Tray or Plate (TorP) |78 7t 9 ZEF | mafle e R REF U R PE2N Zat
Ared, m2 0.18 0.54 0.54 0.18 0.54 0.54 0.18 0.54 0.54
Density, plt/TorP 128 64 32 300 64 32 128 64 32
Density, plt/m2 711 119 59 1667 119 59 711 119 59
Duration, days 14 7 14 35 7 14 14 35 7 7 21 35
Area per 1000 plts 141 844 1688 26.7] 060 844 1688 259 1.41 8.44  16.88  26.7
Area ratio 0.1667 1 2 0.0711 1 2 0.16667 1 2

Area * days " 107 501 236.3[315.0]" 42 1181 2363 35867 9.8 59.1  354.4 423.3
Area&Time ratio 03 1.0 4 0.036 1.0 20 0.1667 1.0 6.0

I Use the least amount of ]
resources

Assuming 100 g per plant, 10 plants can reach 1 kg
Area required for 1000 plants is 26.7 m?, thus
harvesting 1 kg, you need 26.7*10/1000 = 0.267 m?




Photons required to harvest 1 kg of vegetable

-l

DM = 0.045 * FM
FM = DM / 0.045
100 g FM * 0.045 = 4.5 g DM

Final Shoot Dry Mass (g)

35 days Total Accumulated PAR (mol/m?)
DLI = 8.57 11.42 14.3 17.14 20 22.85

Figure 4. Linear relationship between lettuce (cultivar Ostinata) final shoot dry mass and
total accumulated light levels (since seeding). The equation for the line is: DM
= -1.886 + 0.0132(Accumulated light); R* = 0.87.

TLI = DLI * Days

45 g DM = -1.886 + 0.0132 (TL) B
Tl_l — 3552 mOl / m2 Figure 5. Correlations between lettuce (cultivar Ostinata) leaf area and shoot dry mass,

and between shoot dry and fresh mass. The equation for the leaf area line is:
LA = 22.77 + 27 57(FM) - 0.04880 (FM)%; R? = 0.97. The equation for the

Shoot Dry Mass (g)

shoot dry mass is: DM = 0.045(FM); R® = 0.97.



Labor required 1o harvest 1 kg of vegetable

NelWiigle Spacing

T | ; H i OP.time(i) = Convert
FODSD ol o arvesltl all values info per /
INg Ng plant basis, in min/pl
v TOP.time = Sum o/'
9 TOP.time * ndmber of

plants perl kg



Electricity cost required to harvest 1 kg of vegetable

To harvest 1 kg, value of kWh needed = 1000
Where EY in g_FW/kWh (EY will be infroduced later)

Given utility fee (U, in $/kWh)
Electricity cost on light to harvest 1 kg
= 1000 * U / EY

Given COP of AC,
Electricity cost on light and AC
= 1000 * U * (COP+1)/ (COP * EY)



Successful rate

i PVr and P2Cr h

/



R N R

Successful rate to grow and to sell are both critical

Target amount 100 stage 1 stage 2 stage 3 all stages Target amount 100 stage 1 stage 2 stage 3 all stages

successful rate 0.7 0.7 0.7 0.343 successful rate 1 1 1 1

cost at each stage 3 6 10 19 cost at each stage 3 6 10 19

No. of plts remaining 70 49 34 No. of plts remaining 100 100 100

To harvest 100, need to plant 293 205 143 100 To harvest 100, need to plant 100 100 100 100

Cost to harvest target number of plantts 3539 Cost to harvest target number of plantts 1900

Revenue sale price Net profit sale price Revenue sale price Net profit sale price

sale ratid 30 40 50 60|sale ratio 30 40 50 60 sale ratig 30 40 50 60[sale ratio 30 40 50 60
0.1 300 400 500 600 0.1 -3239 -3139 -3039 -2939 0.1 300 400 500 600 0.1 -1600 -1500 -1400 -1300
0.2 600 800 1000 1200 0.2 -2939 -2739 -2539 -2339 0.2 600 800 1000 1200 0.2 -1300 -1100 -900 -700
0.3 900 1200 1500 1800 0.3 -2639 -2339 -2039 -1739 0.3 900 1200 1500 1800 0.3 -1000 -700 -400 -100
0.4 1200 1600 2000 2400 0.4 -2339 -1939 -1539 -1139 0.4 1200 1600 2000 2400 0.4 -700 -300 100 500
0.5 1500 2000 2500 3000 0.5 -2039 -1539 -1039 -539 0.5 1500 2000 2500 3000 0.5 -400 100 600 1100
0.6 1800 2400 3000 3600 0.6 -1739 -1139 -539 61 0.6 1800 2400 3000 3600 0.6 -100 500 1100 1700
0.7 2100 2800 3500 4200 0.7 -1439 -739 -39 661 0.7 2100 2800 3500 4200 0.7 200 900 1600 2300
0.8 2400 3200 4000 4800 0.8 -1139 -339 461 1261 0.8 2400 3200 4000 4800 0.8 500 1300 2100 2900
0.9 2700 3600 4500 5400 0.9 -839 61 961 1861 0.9 2700 3600 4500 5400 0.9 800 1700 2600 3500
1.0 3000 4000 5000 6000 1 -539 461 1461 2461 1.0 3000 4000 5000 6000 1 1100 2100 3100 4100
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|Target amount 100 stage 1 stage 2 stage 3 all stages

successful rate 0.7 1 1 0.7 ||

cost at each stage & [§) 10 19

No. of plts remaining 70 70 70

To harvest 100, need to plant 143 100 100 100

Cost to harvest target number of plantts 2029

Revenue sale price Net profit sale price

sale ratig 30 40 50 60[sale ratio 30 40 50 60
0.1 300 400 500 600 0.1 -1729 -1629 -1529 -1429
0.2 600 800 1000 1200 0.2 -1429 -1229 -1029 -829
0.3 900 1200 1500 1800 0.3 -1129 -829 -529 -229
0.4 1200 1600 2000 2400 0.4 -829 -429 -29 371
0.5 1500 2000 2500 3000 0.5 -529 -29 471 971
0.6 1800 2400 3000 3600 0.6 -229 371 971 1571
0.7 2100 2800 3500 4200 0.7 71 771 1471 2171
0.8 2400 3200 4000 4800 0.8 371 1171 1971 2771
0.9 2700 3600 4500 5400 0.9 671 1571 2471 3371
1.0 3000 4000 5000 6000 1 971 1971 2971 3971

Fail in early stage is a
blessing to the business

Target amount 100 stage 1 stage 2 stage 3 all stages

successful rate 1 0.7 1 0.7 I

cost at cach stage 3 6 10 19

No. of plts remaining 100 70 70

To harvest 100, need to plant 143 143 100 100

Cost to harvest target number of plantts | 2287

Revenue sale price Net profit sale price

sale ratid 30 40 50 60|sale ratio 30 40 50 60
0.1 300 400 500 600 0.1 -1987 -1887 -1787 -1687
0.2 600 800 1000 1200 0.2 -1687 -1487 -1287 -1087
0.3 900 1200 1500 1800 0.3 -1387 -1087 -787 -487
0.4 1200 1600 2000 2400 0.4 -1087 -687 -287 113
0.5 1500 2000 2500 3000 0.5 -787 -287 213 713
0.6 1800 2400 3000 3600 0.6 -487 113 713 1313
0.7 2100 2800 3500 4200 0.7 -187 513 1213 1913
0.8 2400 3200 4000 4800 0.8 113 913 1713 2513
0.9 2700 3600 4500 5400 0.9 413 1313 2213 3113
1.0 3000 4000 5000 6000 1 713 1713 2713 3713

Target amount 100 stage 1 stage 2 stage 3 all stages

successful rate 1 1 0.7 0.7 I

cost at cach stage 3 6 10 19

No. of plts remaining 100 100 70

To harvest 100, need to plant 143 143 143 100

Cost to harvest target number of plantts 2717

Revenue sale price Net profit sale price

sale ratid 30 40 50 60|sale ratio 30 40 50 60
0.1 300 400 500 600 0.1 -2417 -2317 -2217 -2117
0.2 600 800 1000 1200 0.2 -2117 -1917 -1717 -1517
0.3 900 1200 1500 1800 0.3 -1817 -1517 -1217 -917
0.4 1200 1600 2000 2400 0.4 -1517 -1117 =717 -317
0.5 1500 2000 2500 3000 0.5 -1217 =717 -217 283
0.6 1800 2400 3000 3600 0.6 -917 -317 283 883
0.7 2100 2800 3500 4200 0.7 -617 83 783 1483
0.8 2400 3200 4000 4800 0.8 -317 483 1283 2083
0.9 2700 3600 4500 5400 0.9 -17 883 1783 2683
1.0 3000 4000 5000 6000 1 283 1283 2283 3283
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OLe = EY/PY

B > A7 ek PR AT

PVr

(Price /
Varcost)




LABA AT * AR LR T

A B C D E F G
PES B hrs/day| W | noLamp | Days | kW.hr | plts [kW.hr/plt
A 24 15 5 7 12.6 300  0.042
B 24 15 5 14 25.2 78 0.323
=14 16 15 5 14 16.8 201 0.840
gat [ 1205
e E=A*B*C*D /1000 e 1kWhr=1 g

+ G=E/F

ok |EBEE ||ofE
AR | 137.8] 1.205 114.3
116.9 1.205 97.0
89.5 1.205 74.3

35K

SR
s (A S5 (R




Electric
energy use
efficiency ?

PCA (in W m2) Power Consumption per unit Area
DPI (in kwh dt m?) = PCA x hrs per day / 1000
TPI(i) (in kWh/plant) = DPI(i) x Days(i) / density(i)

.

Overall Total Power Integral }OTM = Z TPI (stage i) #3# 240 RE T fia 4=

EY (g/kwWh)= FW (g/plant) / OTPI (kWh/plant)
EY, (mg/kwWh)=FW,(mg/plant) / OTPI (kwWh/plant)

.

EY e (mg/kWh)= FW,,;; e(mg/plant) / OTPI (kWh/plant)



P E R (z]) R

A B C D E F
s e | peE | ws | DL | days | mouk
i | ois [ 266 24 23 7 0.18
i 142 Mo || 24 | 23 14 2.27
Bk o266 16 15 / 5.90
Sum | 8.34

D =B*C*3.6 /1000
F=D*E/A

PP S & (BRI » HHir ¢ pmol/m?/s

DL ¥Rt =

» BAfIZ © mol/m?/day
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Light
energy use
efficiency ?

DLI(i) (mol day! m?) =PPFD (umol m? s?) x hrs per day x 3.6/1000
TLI(i) (mol/plant) = DLI(i) x Days(i) / density(i)

r

Overall Total Light Integral }OTLI = 2 TLI (stagei) ##2mcfHRifsd

.

PY (g molt) = FW (g/plant) / OTLI (mol/plant)
PY, (mg molt)=FW, (mg/plant) / OTLI (mol/plant)
PY e (mg molt)= FW,,; e(mg/plant) / OTLI (mol/plant)



—Photon Yield: — i# mol k3 shgax 2 &

—FW: JzfEpF 8 k@ £ > g/plant
—TLI: B 42z %3+ 3 & > mol/plant
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K12 >R H H T 2k B TL

nnn-

FESEG R/ m?2 DLI days moI/?Fé[%

1 333 20 14 0.84

2 40 16 14 5.6

3 20 17 7 5.95
Sum 12.39

e DLI=PPFxhrsx3.6/1000

* PPFOYLETERARCYE » BAL © umol/m?/s .

+ hrs EI4CHFRT - B ¢ /N TLl = ), TUE)
- DU H#EZEFCE @ B4 * mol/m?/day o

 TLI : Total Light Integral per plant 68



w7 ZL_EE EY (g/}i)f\;:l‘—;u
Energy Yield

A B

o/t
SEE | 1169
SRR | 137.8
e 89.5
* B /% PY,C /&y EY

» D=C/B > {EHMHEICIEES EY/PY HYEE ZAH[H]
* MR F R RdET AL A KR
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8.60
8.55
8.50

S 8.45
£ 840
518.35
*0g30
2 8.5

8.20

8.15

8.10

PY vs. EY: a powerful diagram for
Total Performance Evaluation

37.00

D
®

O 0

37.50

Ry TRl |- e T

®
A

Photon-wise: A>C>B>D

Energy-wise: A>B>C>D

A >> D in both energy & photon-wise

B
o

38.00 38.50 39.00 39.50
EY, g FW/kWh

A B CD¥ &
w48k ¥

|- AR S RS

T fE Y &R

v fa (e 4r

P SR =R

V. ;é_’l'\‘iﬁ}‘z‘
rBF1IFAR . E

A,B,C,D can be

4 types of spectra,
lamps from various
company, types of
nutrient, types of
crops, types of
cropping system,
types of cultural
practices or
workers..etc.




#k/m? hour DLI days mol/fk
e | o1 [l 0 | 4 6 7 0.05 | 0.9%
g5 0 142 oo [l || 14 108 | 202%
Bk 6 Jl1o0 | 16 11 / 421 | 78.9%
Sum 5.34 100%

A
o/

] 04
SRR | 106.0
PEE | 76.0
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B 3320 12 (21 vs. 22) 2 iR

¢ 55 % (22) P
—g/mol EHF (3 TR P L TE)
55 % (21)
—gRERF (L RE)

—g/B E#F (F B (KWh) 2 4 2 D1k
5 ehgE £)

—mol/ & & # 3



¥ RIRE ¥FARRER A1k R A AR
R AT Fo kg
(mS/cm, dS/m) L3 % = R4
2k g @ (umol/m?/s)

N1, N2 E1.2 F 230, 270
EO.1, EO.6, E1.2 L 9R 100
L 8R1B 100
L 4CW4R1B 100
L 9CW 100

L RB 270

PRk
(mol/m2/day)

D 16
D 20, 16, 9
D 15, 16, 17, 18
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Efi‘i E\B ,Jxﬁi’lcg
(DLI & i+ mol/m?/day)

 DLI=k & @ x=* P & R FF#Hcx3.6/1000

230 pmol/m?/s 270

& p Sk PRPF#C 24 hrs 16 hrs
DLI 230x24x3.6/1000 270x16x3.6/1000
=19.87 5 20 = 15.55 ¥ 16
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o STES Ny BEEL
1. BRAC )T (552,38 ER) B aE (BE3FBER)
mman | FEREEH | scREEEY | ssresiE
‘ (1~14K) (15~28K) (29~35K)
1 N1 _E1.2 F270 D16 N1 _E1.2_F270 D16
2 ElS N1 _E0.6_F270 D16
3 ElS N2 _E1.2_F270 D16
4 N1 E1.2_F230 D20 5 N3 E0.1_F270 D16
5 El= N3 _E0.1_F270 D16*
6 N2 _E1.2_F270 D16 N2 _E1.2_F270 D16
7 ENS N2_E0.6_F270 D16
E @ EBEE(H (mS/cm)
F 0 3000 K Hy2 YR E Y &EE (umol/m?/s)
D : HEREE(H (mol/m?/day)
* 1 i

AR5 55 =P B TR A F533~35°K (BFERT="K) -

HAm AR X
75




2. Yt E R (SE3PEEL)

o F—PEE F_MEE E=PEEE
(1~14%) (15~28%) (29~35K)
N1_E1.2_F230_D20 | N1_E1.2_F270 D16 |N1_E1.2_L9R_100_D9
9 Gl Ells N1 _E1.2_L8R1B_100_D9
10 = Gl N1_E1.2_LACWA4R1B_100_D9
11 Ells Gl N1_E1.2_L9CW_100_D9

BEHEE(E(mS/cm)

IR E Yt EH (3000K) (Lmol/m?/s)
LXY WE X LEDYEE » St =1E &Y (mol/m2/day)
D : H & %=1H (mol/m?/day)
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N =] Ty EEL
3. HE&RDEE (DLI) (583[EE2)
@ IEE | ZHESHE TS BE - B8 3000 K (Wellpower, Taiwan)
F—PEEL B FEES E=PEEL
pRR (1~14K) (15~28K) (29~35K)
12 | N1 _E1.2 F230 D20 | N1 E1.2 F270 D16 | N1 E1.2 F270 D15
13 e = N1 E1.2 F270 D16
14 e Gl N1 E1.2_F270 D17
15 Els Gl N1 E1.2 F270 D18
E © BZEE(H (mS/cm)

F o 2B ESEEH (3000K) (Lmol/m?/s)
D : H &= (mol/ m?/day)
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4. Bc 77 (552,3F8ER) ~ B (5B3MBER) ~ H EFREE (FB3[BER)
F—RER B IRER E=BER

PRERAH (1~14K) (15~28K) (29~35K)

16 N1 _E1.2 F270 D16 | N1_E0.6_F270|D17

17 = N2_E1.2_F270|D17

N1 _E1.2 F230 D20

18 N2_E1.2 F270 D16 Ell=

19 Elis N2_E0.6_F270|D17
E . BEEL{E (mS/cm)

F kk?%ﬂ =t & {E(E (3000K) (umol/m?/s)

U

HZ

B E(E (mol/ m2/day)
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5. BRRE ~ 0tE ~ HEBOGE (R3fEE)

sl mE | BB REH == pee 28 HY

B (1~14F) (15~28K) (29~35K)

20 | N1 _E1.2 F230 D20 | N1 _F1.2 F270 D16 | N1_E0.6JLRB_270 P17

21 Elis Elis N1 _E0.2JLRB 270 P17

H;?*ET” {E (mS/cm)
YR E Y= (HAE (3000K) (umol/m?/s)
LX _Y 1 E BXZLEDIRE 0 Y EEAY (umol/m?/s)
D H &2 B EE (mol/mz/day)
—FEER(1~14°K) & N1 _E1.2_F230 D20
**B LEG(15~28°K) AR FE AsN1_E1.2_F270 D16

/9



PYHVETEL

Treat- Stage 1 Stage 2 Stage 3 Total
ments | (Day 1~14) | (Day 15~28) (Day 29~35) LI

1 N1_E1.2_F270 D16

2 N1_E0.6_F270_D16

3 Nl—El[')zlngm— N2_E1.2_F270 D16

g |N1_EL.2_F230_ N3_EO0.1_F270 D16 12.04

D20
5 N3_E0.1_F270_D16*
7 D16 N2_E0.6_F270 D16

—m

@ DLI
@ Duration
@ Density

TLI{stage) =
0x@ QG

TLI = ¥ TLI(stage)

mol'm*/day 20
Davs 14 14 7
plants/m? 333 40 20
mol'plant 20x14/333  16x14/40  16x7/20

=054 =36 =36
mol‘plant 12.04 30



mrermn B B PYRYLGER

The bestvs. the worst:

Treat- | Stage 1 Stage 2 Stage 3 TLIolt Shoot E\J('
ments | (pay 1~14) | (Day 15~28) (Day 29~35) P Fwiplt

16 N1_E1.2_F270 |N1_EO.6_F270_D17 136.5 | 11.01

D16

17 N1_E1[.)§6F230 - N2 £12 270 b1z 19 39 | 1252

18 - N2_E1.2 F270_ 112.4

19 D16 N2_E0.6 [F270 P17 104.6

20 | N1_E1.2_F230 | N1_E1.2_F270 |N1-EO-6{RB_370_D1/ 159.5 | 12.87

21 D20 _b16 N1_E0.2_LRB_270_D17 104.2

Shoot FW/plt,

Treatment no. g/plt/p TLI/plt, mol/plt PY, g/mol
The best: no. 20 159.5 12.39 12.87
The worst: no. 4 79.89 12.04 6.63

(12.87-6.63)/6.63 x 100 =94.1 %

31




PY et g% - 1< $ a = X § JEF 'E,r

(3000 K¢ ;&) vs. RB LED (R:B=9:1)

PR % (-@) 4w
FLL vs. RB LED

e & 16.9 % £ 2 (RB LED is better due
to spectral difference)

20. FL+FL+LED 159.5 12.39 12.87

16. FL+FL+FL 136.5 12.39 11.01

QY= FW/TLI (in g/mol) 382



e 235 X FL (3000 K¢ ;) vs. RB LED (R:B=9:1)

* N3 fcfEm - X 3 £%] P FLvs. RB LED
- e 8% £ £ (RBLED is better due to more
RED)

R 8 b HE g/tk AER ppn

20. FLAFLHLED 159 (% % @) 2291 (i< ig)
16. FLtFL+FL 136 2475
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SR3SB2  SR4SBI  SBS

Anthocy.

A Content per plant

EY EYa PY PYa

Treatment g/plt g/kWh  mg/kWh  gFW/mol mg/mol

mg/plt
SR5 54.06 0.0138 0.74 47.03 0.65 11.01 0.15
SR3SB2 38.77 0.0168 0.65 32.29 0.54 7.89 0.13
SR4SB1 50.12 0.0124 0.62 42.65 0.53 10.20 0.13

SB5 22.14 0.017/9 0.40 30.58 0.55 451 0.0SE




SR3§.B3 SR4SP? ' PY Photon Yield of fresh mass
T B UV  PY, Photon Yield of Anthocyanin

EY Energy Yield of fresh mass

EY, Energy Yield of Anthocyanin

Overall Lighting Efficacy, in mol/kVWh
(OLe) = EY / PY

Treatments céar\lzter:\(:fzi?én i EY EYa PY PYa oY
gFW/plt malo content mg/plt gFW/kWh  mg/kWh  gFW/mol mg/mol mol/kWh
SRé 108.30 0.0138 1.49 67.15 0.93 15.72 0.22 4.271
SR3SB3 70.11 0.0149 1.04 43.47 0.65 10.17 0.15 4.272
SR4SB2 88.70 0.0147 1.31 55.00 0.81 12.87 0.19 4.273
SR5SB1 87.75 0.0197 1.73 54.41 1.07 12.73 0.25 4.274
SBé6 43.24 0.0159 0.69 26.81 0.43 6.27 0.10 4.276




Lighting Efficacy (Le) vs. Overall Lighting Efficacy (OLe)

« Le in umol/J, measured after the installation of light source
prior to the growth of any plants.

« OLe in mol/kWh, calculated after the growth, allow the
adjustment of light source and light period during any growth
stages.

 If no alteration of light source during the growth period, two
terms have the relationship as shown below:

Le =0OLe/ 3.6



OLe = EY/PY

B > A7 ek PR AT

PVr

(Price /
Varcost)







PVr=Pg/ Vg PVr = Pg " EY / Uk

Vg = U / EY
where,
PVr: PV ratio, in $/%
Py Price pergram, in $/g
V4 Variable cost per gram on lighting, in $/g
Ui - Utility.fee per kWh, in $/kWh
EY.: Energy Yield, in g/kWh
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PVr

Market Value (mVal) / Electricity
Fee on Lightg

fEE (75/9) 2%
< oF 0.9 B
0.3
BER 1.0
TARE 15.0 B
= s 72
44 I WA T
e ERER N —

BEAEKH 13 o




B R TRE D A TR EOPY,EY &2 PV R
different Light Quality for different Lettuce & Rucola

25
s 24 CW/
= | = #.SR5SB1 4 k% CW
O
£ prcw (@
(@))
>_- 15 B
0 ° 0 FlIBken2 2 &
N
PVr &= ]

2210 O
iy ,
v 5 L 2 E CW
e i H CW

O B | | | |

0 20 40 60 80 100

74 & (EY, g/kwh)
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3 kTR T EPPY,EY 2PV 1 R
different Light Quality for different Sprouts

160

M40 Ry #R100 %+ &5 OLED
@)
E0 ! o
> # 12 5 ¥ R100

~ 7?‘ =% 3 OLED

B § % R87:B13

il g L
t @
P40 | £ 4 ¥ 5 R100

20 | RBLcn = % 4 PVr @&eh+ o)

O I I I I I I I
0 100 200 300 400 500 600 700 800

7 4 & i (EY, g/lkWh) PN




Lettuce and sprout grown under various light quality
shown on TPE diagram

160

140 ® 5 #R100

120

100

#R87:B13
80

i ﬁ'\%BQSSBl
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2 i
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# 4+ FOLED

PY (g/mol)

40

20

W5 08 cw/ 7k Licw

D
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Impact of |ight quality on EY, PY and PVr

Artificial Light

: EY PY
vegetable Light Power PVr Relative PVr
_ (g/kWh)  (g/mol)
quality (W m™)
EHEZF  OLED 15.8 617 109 231 7.3
E=HES R 00 35.8 299 121 112 3.5
ZEER Ri00 72.7 445 |14 56 1.8
ZEEE Rg7:B3 71.5 396 102 50 1.6
e R 00 70.6 102 49 38 1.2
S1EXZF  OLED 31.8 218 48 82 2.6
= i CW 218.18 21 9 63 2.0
ERGFEE  CW 185.14 75 |7 32 1.0
A== CW 185.14 37 10 15 0.5
WEEBE CW 185.14 57 13 24 0.8
412 E  SR5SBI 126.39 37 13 31 1.0
HTEEE  CW 185.14 76 |7 32 1.0 "




7 &R \“15:;7 e = ;’:';’J/’JPY,EYL;’? PV, .t i

Impact of nutrient solution on TPE diagram
40

35 -
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Impact of nutrient solution on EY,PY and PVr

Lettuce I:;:ETS: (2 /IE\TVh) (2 /I;YOI) PVr Relative PVr
M= BIO NK 134 30 50 2.3
M= Yamazaki 57 13 16 0.7

D BIO NK 70 16 26 1.2

i Yamazaki 76 17 22 1.0

B IR AR BIO NK 17 4 6 0.3

B IR AR Yamazaki 75 17 21 1.0

BZRAEE  NTU low P 49 11 28 1.3




EY PY :
\Vege. treatment (a/kWh)  (g/mol) PVr Relative PVr  Value-added
4 . = OLED 617 30 162 74 B fey 144
AR R 299 14 78 35
+ .. OLED 218 10 57 2.6 B iy it 4
Foi=r R100 102 20 27 1.2
- R 445 21 44 .
Ey %oo 2.0 I
R87.Bl3 396 19 39 1.8 ® %”03‘ :
BION 49 11 18 0.8 -
EN AN =, d—P
- BIONK 70 16 26 1.2
P R 76 17 22 1.0
L7 148 24 42 1.9 sA2E
Ly 8 57 13 16 0.7
HEFE BION 82 19 31 1.4 a W o> 43
3\ W\ l‘—, é\—F'
BIO NK 134 30 50 2.3
e LG R e 75 17 21 1.0
TUNE wegE 49 11 28 1.3 T A
e CwW 37 10 10 0.5

=P SRESB1 37 13 21 1.0 3ot 2
_




Drawbacks of PVr leads to a new index

Only reflect the operating cost on electricity of
lamps

Did not includes the cost to purchase the lamps
Can only be used for evaluation for cases with
similar cost to purchase the lamps.

A new index was developed to include the fixed
cost on lamps.



From PVr to P2Cr

PVr P2Cr =
Market Value mValue /
(mValue) / Vari.Cost (VC+FC)

g . NT$
FW (plant) X Prlce(—g ,ex:1.25NTD/g)
NT$

kWh o NT$
loTPI (plant) X utility Fee (m)] + oTD (plant)

P2Cr =




PVr & P2Cr

Price of the product ($/9)
Variable cost ($/g)

PVr =

Price of the product vs. Variable cost on lighting

POCY = Price of the product ($/9)
variable Cost+fixed Cost ($/9)

Price of the product vs. variable Cost + fixed Cost on lighting
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Factors affecting P2Cr

PY Cultural
(g/mol) practices
FW X Price
P2Cr =

|oTPI X utility Fee | + oTD

Power
consump.

of light




Overall Total Depreciation of LED (OTD, NT$/plant)

|. Usable life of LED (h): 35000 (assuming)
2. Cost of light source (NT$/piece) : WW=1500 - RB=1000 > CW=390
3. OTD: Overall Totally Depreciation of LED per plant (NT$/plant)

n

De(i) = Plamp(i) * Noflamp(i) / Lf(i) . .

TD(i) = De(i) * LP(i) * Days(i) / density(i) OTD = Z TD(i)
i=1

De(i): Depreciation of light source per unit area per hour,, in NT$ /m? h '

Plamp: Unit price of lamp, in NT$/piece
Noflamp: number of lamps required per unit area, in piece/ m?
Lf: usable life time of the lamp, in h

TD(i): Total depreciation of light source per plant in stage i,in NT$ / plant
LP(i) : Duration of light period per day, in stage i in h/day

Days(i): duration of days in stage i, in days

density(i): crop density sta stage i, in plant/m?



Impact of types of light source and crop on index for T.PE.

Light Cro EY PY POCT OTPI Vari.Cost OTD=FixCost LED Cost
source P (g/kWh)  (g/mol) (kWh/plant) (NT$/plant) (NT$/plant) (NT$/tube)
BEHE  266d 6.39 d 2.6
CW H ok 37.1c 8.92b 3.7 7.69 26.9 0.9 390

R E 22.4 e 5.38¢ 2.2

Y E  407c 5.20¢e 3.4
AR 83.8a 10.90 a 7.0 4.16 14.6 3.3 1500
LEE 68.3b 8.22b 5.7

By E  275d 6.83d 2.6
RB FR 4% 40.0c 991a 3.8 7.94 27.8 2.2 1000
L E 30.1d 747c 2.8

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



Impact of usable life of LEDs to P2Cr of 3 crops
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PVr vs. P2Cr on TPE diagram

PVr as the radius of the circle.

160 . .
0 Ignoring the fixed cost leads to mis-leading results. P2Cr as the radius of_ghe circle
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EY, PVr and P2Cr of leafy greens grown under various light quality and nutrient solution

Treatments

% 4 FoLep

¥4 Erioo
B3 ¥rioo

B3 ¥ revnis

EY (g/kWh)

617
299
445
396
218
102
134

82

49
70
76
75
49
57
37
37

PVr

231.3
112.2
55.6
49.5
81.7
38.3
72.5

44.6

40.5
37.9
31.7
39.0
26.4
23.8
15.4
30.5

P2Cr

2.4
112.2
55.6
49.5
0.9
38.3
51.2

31.5

29.8
27.8
23.3
22.9
19.4
17.4
11.3
22.4

OTD (NT$/plt)

226.1
0.001
0.001
0.001
226.1
0.001
0.86

0.86

0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86

OTD of OLED

Price: 30000 NT$/plate
Usable life: 200 h

Piece required: 400 piece/m2
Days : 5 days

Duration per day : 12 h

Depreciation per unit area =
30000*400*5*12/200 = 3600000
NT$/m?

Crop density: 15923 plant/m?

OTD = 3600000/15923 = 226.1
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&% : 0.3NT$/g

HHREA 20 FEUTFEREL 350
SREE 36 BRI E 120 ¢ EXBgAAS 1.4 ENTH/PR
HEE FHEE TSR A | [RESE A HB IRR
tREH  ko/H | BRI = i & 2 3% 4F SF
300 36 10.5 12.6 378 168 4201 -14% 10%  22% 29%
400 48 14 16.8 504 224 5601 -14% 10%  22%  29%
500 60 17.5 21 630 280 7001 -14% 10%  22% 29%
600 72 21 25.2 756 336 840 -14% 10%  22% 29%
700 84 24.5 29.4 882 392 RBOl -14% 10%  22% 29%
800 96 28 33.6 1008 448 11201 -14% 10%  22% 29%
900 108 31.5 37.8 1134 504 1260 -14% 10%  22% 29%
1000 120 35 42 1260 560 14001 -14% 10%  22% 29%
1500 180 52.5 63 1890 840 21001 -14% 10%  22% 29%
2000 240 70 84 2520 1120 28001 -14%  10%  22%  29%

PRATRRT R T F R/ B 2.8 5 R/B
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SRR A 20 FUTERE 350 &% : 0.3NT$/g

BIREE 36 sty SO 120 ¢
BRI A 1 ENTS/E SRR L1 ENTS/ER WA 1.2 ENTS/ER
FEZH AR IRR FE A A IRR B A IRR
= 2F 34 4 S = 20F 34 4 S i 2fF 3% 47 S
300 8% 31%  42% 48% 330 1% 25%  36% 42% 3600 4% 19%  31% 37%
400 8% 31%  42% 48% 440 1% 25%  36% 42% 4801 4% 19%  31% 37%
500 8% 31%  42% 48% 550 1% 25%  36% 42% 600 -4% 19% 31% 37%
600 8% 31%  42% 48% 660 1% 25%  36% 42% 7200 4% 19% 31% 37%
700 8% 31%  42% 48% 710 1% 25%  36% 42% g40[ 4% 19% 31% 31%
800 8% 31%  42% 48% 880 1% 25%  36% 42% 90| -4% 19% 31% 37%
900 8% 31%  42% 48% 990 1% 25%  36% 42% 1080 -4% 19%  31% 37%
1000 8% 31%  42% 48% 1100 1% 25%  36% 42% 1200 -4% 19%  31% 37%
1500 8% 31%  42% 48% 1650 1% 25%  36% 42% 1800 -4% 19%  31% 37%
2000 8% 31%  42% 48% 2200 1% 25%  36% 42% 24000 4% 19%  31%  37%
SRR 1.3 ENTS/R SR 1.5 ENT$/AR SRR 2 ENTY/EE
FEZH AR IRR R A &M IRR FE A A A IRR
= 2fF 34 4 SF & 20 34 4 S & 20 34 4 S
390 9% 14%  26% 33% 450 -17% 6%  18%  25% 600] -31% -8% 5% 12%
500 9% 14%  26% 33% 600] -17% 6% 18% 25% 800 -31% -8% 5% 12%
650 9% 14%  26% 33% 7501 -17% 6%  18%  25% 1000[ -31% -8% 5% 12%
780 9% 14%  26% 33% 900] -17% 6% 18% 25% 1200 -31% -8% 5% 12%
9100 9% 14% 26% 33% 1050 -17% 6% 18% 25% 1400[ -31% -8% 5% 12%
1040 9% 14%  26% 33% 1200 -17% 6% 18% 25% 1600[ -31% -8% 5% 12%
170 9% 14%  26% 33% 1350 -17% 6% 18% 25% 1800 -31% -8% 5% 12%
1300f 9% 14%  26% 33% 1500 -17% 6% 18% 25% 2000 -31% -8% 5% 12%
1950 9% 14%  26% 33% 22501 -17% 6% 18%  25% 3000 -31% -8% 5% 12%
20000 9% 14%  26%  33% 3000 -17% 6%  18%  25% 4000] -31%  -8% 5% 12%




&% - 0.5NT$/g

BHREA 20 FUTFERE 350
HIREE 60 EpSSEs 120 g EBEAA 2 HENTS/HR
HEE FEE TR | | | IR A M IRR
tREH  kg/H | SR WA & & & 20 3 4% SF
300 36 10.5 12.6 630 420 600l 26% 49% 9%  64%
400 48 14 16.8 340 560 800 26% 49% 9%  64%
500 60 17.5 21 1050 700 1000 26% 49%  59%  64%
600 72 21 25.2 1260 840 12001  26% 49%  59%  64%
700 84 24.5 29.4 1470 980 1400 26% 49%  59% 64%
800 96 28 33.6 1680 1120 1600 26% 49%  59% 64%
900 108 31.5 37.8 1890 1260 1800 26% 49% 9%  64%
1000 120 35 42 2100 1400 20000 26% 49% 9%  64%
1500 180 52.5 03 3150 2100 3000 26% 49% 9% 64%
2000 240 70 84 4200 2300 40001 26%  49%  59%  64%
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(SZZSIZN 20 FUTHERE 350 g% :05 NT$/g

SHREE 60 FERIYEE 120 g
RPN 1 ENT/FE RPN 1.5 ENT$/EE SRRAS 175 ENTY/EE
&Ew%E &M IRR KESHA &M IRR F B SR PRSI IRR
i DE 3 4 SE £ D 3ME 4 SE B | 2F 3FE 4 SE
300 107% 128% 135% 138% 450 54%  76%  85%  90% 5 38% 61% 1% 75%
400] 107% 128% 135% 138% 600| S54% 6%  85% 90% 700 38% 61% T71% 7%
500 107% 128% 135% 138% 750 54% 6%  85%  90% 8751 38%  61%  TI% 5%
600 107% 128% 135% 138% 00| 54% 6%  85% 90% 1050l 38%  61% 1% 75%
700| 107% 128% 135% 138% 1050]  54% 6%  85% 90% 12251 38%  61% 1% 5%
800| 107% 128% 135% 138% 12000 54% 6%  85%  90% 1400l 38%  61% 1% 75%
00| 107% 128% 135% 138% 1350|  54% 76%  85%  90% 15751 38%  61% 1% 75%
1000] 107% 128% 135% 138% 1500 54% 76%  85%  90% 1750l 38%  61%  71% 7%
1500 107% 128% 135% 138% 250 4% 6% 85% 90% wsl 3% 61% 1% 5%
2000] 107% 128% 135% 138% 000 4% 6% 85%  90% 500l 8% 61% 1% 75%
SRR 2.5 ENTS/HE BRI 3 ENTS/HE 1D 4 ENTS/HR
4 AR IRR S HEEER IRR e R IRR
B o 3 4 sE |24 3 4fE S B | 2fF 3% 4F SF
750 8% 31% 4%  48% 00| 4% 19% 31% 37% 12000 -21% 2%  15% 22%
1000 8% 31% 42% 48% 12000 4% 19% 31% 37% 1600 -21% 2%  15%  22%
1250 8% 31% 2% 48% 1500 4% 19% 31% 37% 2000{ -21% 2% 15% 22%
1500 8% 31% 4% 48% 1800] 4% 19% 31% 37% 24001 -21% 2% 15%  22%
1750 8% 31% 2% 48% 21000 4% 19% 31% 37% 28000 -21% 2% 15%  22%
20000 8% 31% 2% 48% 22000 4% 19% 31% 37% 32000 -21% 2% 15%  22%
250 8% 31% 4% 48% 2700 4% 19% 3% 37% 36001 -21% 2% 15% 22%
25000 8% 31% 4% 48% 0000 4% 19%  31% 37% 40001 -21% 2% 15%  22%
3750] 8% 3%  42%  48% 4500 4% 19%  31%  37% 6000{ -21% 2%  15% 22%
50000 8% 31%  42%  48% 6000l 4% 19% 31% 37% 8000] -21% 2%  15%  22%

TTT
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| MELANGE Printanier

199~249 NTS for 142 g (1.4~1.75 NTS/g)

¥360 for 120 g (1.2 NTS/g) 70 NTS for 50 g (1.4 NTS/g)
¥198 for 60 g (1.32 NTS/g)
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& A 120 A/

LED vs. T5

20R EMEEY TR
S RN 21 X LEDEE 700 NT$
FEFFIGE 120 PR TSEE(E 333 NT$
BE 3 NT LED4E{E 18900 NTS$/i&
HEE S 500000 NT$/MT TS#EE 6993 NTS$/Z SEEE
LED—J& 27 Z(Q0W) LEDEZ 77.76 NT$/Day 4.54
T5—f& 21 (Q8W) TSEE  95.26 NT$/Day 5.56

BREY 3
NTSH T AAHE G ARTER N s (14 ) » 45 RN F ks

TS5 BB

\ﬁ.ﬁ
2%
=it
= 5%
5%

A 2150

LED 1&/%
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SN N |

A /4K

LED vs. T5

LEDEE TSKEE
e 454  NT$/head EE 6.12 =% 556 NT$/head EE 7.40
S R(COP4) 1.13  NT$head Ri= 048] “S5F(COP4) 1.39  NT$/head SRHE= 0.48
JEER 041 NT$head EHF 1.2 JE\= 041 NT$head E#f 1.2
SRR 0.0 NT$head &R 1.314 R 0.0l NT$head &R 1.314
7KIE 0.03 NT$Mhead #TEE 9.80 7KIE 0.03 NT$head #TEE 0.67
& Abhx 048 NT$head AJJ 418 &R 048 NT$head AJJ 4.18
- 1 NT$/head T 1 NT$/head
VR 0.2  NT$/head NEEAT 0.2  NT$/head
=R 1.31  NT$/head BR 131  NT$/head
7K 0.004 NT$/head 7K 0.004 NT$/head
ERSITEE(10E 7.99  NT$/head FERGITEE(104E)  7.99  NT$/head
LEDHTEE(SEE)  1.81  NT$/head TSHTEEQF) 1.68  NT$/head
ANTJ 418 NT$/head AT 418 NT$/head
JEA 23.10  NT$/head HEA 24.24  NT$/head
R EE & 1483  g/head R EE & 72.8 o/head
F100gmiA~  15.58 NT$ £100gfk A 33.29 NTS
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FEER, cm 2
BEFE, f/m2 2500
B AZRESSMH 60 90 1350
T E(BEEESAR) 60 100 1500
PHRCHEEZH 60 120 1800

KB PREE BE
FEE 7 4 625
HHE 14 10 100
R 14 18 25

GEE RS

s
Bm2s

B

\
/

X /E ™~ D ~

3 4 5 6 8 10 112 13 14 15 6 17 18 19 20
1059 625 400 256 144 100 g1 64 49 49 36 36 D5 2 X5 D
600 330 216 150 77 54 0 35 24 2424 15 15 15 12 12
660 375 240 160 o4 &0 45 40 28 B 24 5 15 15 15 15
800 450 2586 200 105 72 50 0 3% 32 32 21 21 18 18 18

sz 100 BT B A /A

BFZEIRIR wim smnsie=nne (A)  (B) (O @A) ® © @& ® © & B O
4375 1.00 0.3 17 680 2.1 1.8 1.5 830 750 800 330 375 450
1400 3,13 0.03 2575 1030 191 172 143 1080 1080 1080 >4 60 T2
350 12.50 0 25 1000 667 667 556 1005 1005 1008 98% S50% 80% 15 1> 13

MM

= 5
1.00

3.13
12.50

[FRAENRLE  —BAENEY » HMANER
o F—( n AR
fo FDU(E n @R ZHE B Y

1 EFE B 14 (AR A 8

4 (EFEBEIIRA > R RS (R R 8

115



I
P E R E 72

H EEFREL /100 200 300 400 500 800 1000

ESE  BE/ME 1 1000 2000 300 400 500 800 1000

HAFT S 2 200 400 600 800 1000 1600 2000

7~88 H Wtk 3300 600 900 1200 1500 2400 3000

49 2.8~3.2 ENT/E 4 400 800 1200 1600 2000 3200 4000

A B HIFR m’ \ 70 140 210 280 350 560 700




St
K
bl
milk
BN
=T
Haw
-ﬁ»\[lz
dIOF
=
)

STERE m’ ki 25
FIRIER 30 JT m* EHER 1607 JT
s LS o EE A ‘é-é;
- ™
&R B /IR B2 BEIR S Y0 |_-1.43 -2.857 -4.2857 -5.71|
1| 1.43] 0741 133% Yrl | 1.929 1.929 1.9286 1.93
2 12.86] 1.481 61% Yr2 | 1.929 1.929 1.9286 1.93
3142912222  35% Y3 | 1.929 1.929 1.9286 1.93
4 5. 71] 2963 20% Yrd | 1.929 1.929 1.9286 1.93
_ JYrS | 1929 1929 1.9286 1.93
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RIS}

R R 2104

I E SR BARIER] > TTHE

Bk Em B 10 20 30 40 50 60
1 1431 Yg 222 111 074 056 044 037
2 286| £ 444 222 148 111 089 074
3 429 FE 667 333 222 167 133 111
4 571 889 444 296 222 178 148

TE€%E | IRR BARIER > TTRE

EME Eml % 10 20 30 40 50 60
1 1431 & 35% 8% 133% 179% 224% 270%
2 286l #H 4%  35% 61% 8% 110% 133%
3 429 B 9% 15% 35% S3% 0%  86%
4 ST E 1% 4% 20% 35% 48% 61%




