AN\ S WD LV I 77T 777,777
ﬁ NNV A VAL LT TTT777 /777
B M S SN\ YT T ITVT 77727/,
: k,\\\\\\_ = A FT 7P
- .\ﬁ* AW = B Ay /7?{7_/// ——
= L7 7 2 2 A e

2
Z:
=
==
g

1YY}

-8

SR h VR P

|

PRI RFELARY A E



§

TP G 4 L pEE Y L
« T B AEE T L8NTS/KWh, T g % : 4.44 NT$/KWh
o Yo pE g 1 22:30 ~ 07:30

BT R (I“* Tt ”‘*ﬁx’COP) TFZEREA R D "i‘r Mo FE AR E

@ FEE o F2 > COP EE 3B ARM KA 2§ > FHHBERE S -
f—;{ﬁ COP -Sﬂ/?JCOsz&i@;’é Pﬁip\iﬁ’_/iéZSOCLf?ZOOC

e T & AT =To-Ti

. %2 dCOP = (dT -5) * 0.1
. COP,,., = COP, - dCOP

o T &

R EEFRERE ST Ay R



R Resib 5 COP

Bk B

* hrs1=[1,2,5,8,9,11,14,17,20,21,23,24];

* Tdb1=[25.8,25.8,25.1,28.9,30.2,32.5,35.7,33.8,30,29.3,28.1,28.1];
* t=1:1:24;clk=mod(t,24);

* Tout=interpl(hrs1,Tdb1,clk,'spline’);

* subplot(2,2,1); plot(t, Tout,'-*");
* ylabel("Temperature_{outdoor} (T_o, *oC) ');
* xlabel('hrs elapsed in a day');



Defaults

Ti=20; % indoor Temperature

COPO0=3; dTO=5;

% Coefficient Of Performance (COP) measured at dTO = To-Ti = 5;
noLamp=1000;

pcperlamp=20; % power consumption per lamp, in W
ligperiod=16; % duration of light period, in hrs per day
offpeakstart=22.5; offpeakend=7.5; % offpeak period
offpeakfee=2.2; normalfee=3.5; % fee per kWh

noA=noLamp/2; noB=nolLamp-noA; % no. of lamps in group A and B
pcoflampA=noA*pcperlamp; pcoflampB=noB*pcperlamp;



% assuming COP increase/drop 0.1 when dT drop/increase by 1 deg.C;
fori=1:1:24
dT(i)=Tout(i)-Ti;
dCOP(i)=(dT(i)-dT0)*0.1; % dCOP(i) = Tout(i)-20=5 = Tout(i) - 25
COP(i)=COPO-dCOP(i);
if i<=offpeakend | | i>=offpeakstart
fee(i)=offpeakfee;

else
fee(i)=normalfee;

end
end
subplot(2,2,2); plot(t,fee,'-N');
ylabel('Offpeak & normal fee per kWh’); xlabel('hrs elapsed in a day');
subplot(2,2,3); plot(t,dT,'-*');
ylabel("\DeltaT =T_o - 25’); xlabel('hrs elapsed in a day');
subplot(2,2,4); plot(t,COP,'-Vv'");

ylabel('COP varied with \DeltaT’); xlabel('hrs elapsed in a day');
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4 Fig. 1: Based on 3 COP calculation methods — []
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COP as function of (To —Ti) - BREATIHNG AR

P -

function COP=COPtdif(Tout) function COP=COPpresent(Tout)

T1=20; dTO=5; Ti=22,dT=[-50 10];

dT=Tout-Ti; COPpresent=[4.05 3.45 2.0];

COPO=3; % at dT0=5 COP=interp1(dT,COPpresent,(Tout-Ti),'spline’);
COP=COPO-(dT-dT0)*0.1;

7 August 2013 (in the suburb of Tokyo, Japan)

Room air temperature

, ~<_ isaround 22°C
function COP=COPimproved(Tout) .
Ti=22;dT=[-5 0 10] R S
COPpresent=[6 5.2 3.9]; ’ 3”:""'-7"3.5‘?1""_';‘%@;\
COP=interp1(dT,COPimproved,(Tout-Ti),'spline");

Air temperature difference (outside — inside) (deg.)
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4 Fig. 2: Temperature data from Hualien on 1981/8/22 - ]
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4 Fig. 3: Temperature data from Taipei on 1990/8/9
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4 Fig. 3: Temperature data from Taipei on 1988/8/22
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4 Fig. 3: Temperature data from Taichung on 1983/7/2
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4 Fig. 3: Temperature data from Taichung on 1990/8/26
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T Fig. 3: Temperature data from Tainan on 1986/6/23
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T Fig. 3: Temperature data from Tainan on 1986/9/2
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4 Fig. 3: Temperature data from Kachsiung on 1989/7/21 %
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4 Fig. 3: Temperature data from Kachsiung on 1983/7/16
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4 Fig. 4: Group A & B turns on at 8 & 8, Light period = 16 hrs
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4 Fig. 5: Group A & B turns on at 8 & 8, Light period = 16 hrs
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4 Fig. 6: Group A & B turns on at 8 & 8, Light period = 16 hrs
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4 Fig. 4: Group A & B turns on at 17 & 17, Light period = 16 hrs
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4 Fig. 5: Group A & B turns on at 17 & 17, Light period = 16 hrs
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4 Fig. 6: Group A & B turns on at 17 & 17, Light period = 16 hrs
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4 Fig. 4: Group A & B turns on at 1 & 17, Light period = 16 hrs
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4 Fig. 5: Group A & B turns on at 1 & 17, Light period = 16 hrs
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4 Fig. 6: Group A & B turns on at 1 & 17, Light period = 16 hrs
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4 Fig. 7: Unsorted data of 576 options
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4 Fig. 8 Sorted data of 576 options
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4 Elec.. — X

Select location: | Taipei hotte |~

select COP method  Temp. differ... a2
indoor T of PFAL, deg. C 22
hours of light period 16
Total no. of lamps 1000
No. of lamps in Group A 500
Power consumption, W/lamp 20

Off peak period begins at 77 §
off peak period ends at 75
Fee for off peak period, $/kWh] 1 g
Fee for regular period, $/kWh | 4 44
Group A turn on at 77:00 g
Group B turn on at ??:00 a

Hourly variation of 3 COP options
hourly variation of To, dT, elec fee & COP
Draw given Light on strateqgy

Draw 576 lighting control options

y

Quit

4\ MATLAB R2020b - academic use

HOME

.,—I I—,.

1

PLOTS
Hal

Ven:

1ty: Taipel on 1990/8/9,

APPS

L X

a4 B lecer® e

Search Documentation

ISl £ Weiv

» C. » Users » weifang » Desktop » working » eleccost »

BB = A~

light period = 16.0 hrs
Total number of Lamps = 1000 tubes,

Azsuming all lamps are equal, power consumption per

Off peak rate = 1.8 NT$/kWh and normal rate = 4.4 NT$/kWh

COP option =

Off peak period starts at

group A-Light turns on at

Rezults:

|| >

Max
Max
Max

Min
Min
Min

Max
Max

Max

daily
datly
daily

daily
daily
daily

- Min
- Min
- Min

lighting elec
AC elec
total elec
lighting elec
AC elec
total elec
lighting elec
AC elec
total elec

fee
fee
fee

fee
fee
fee

fee
fee

fee

1

divided into group 4 =

22:20 and ends at  7:30
2:00 and group B turns

1404
624.

2028

1034,
407.

1441

369.
217.
586,

0 NT$,
7 NT$,
.7 NT$,

4 NT$,
4 NT$,
.8 NT$,

6 NT$
2 NT$
8 NT$

group A
group A
group A

group A
group A
group A

500 a
lamp = 20.00

on at  8:00 — ] E

turns
turns
turns

turns
turns
turns

on

oI

on

oI

on

on

at
at
at

at
at
at

700,
8:00,
8:00,

15:00,
17:00,
17:00,

Group B
Group B
Group B

Group B
Group B
Group B

at 15:00
at 17:00
at 17:00

b

~

ﬁxﬁﬂ' o~ 71&




5t pushbutton

Hourly variation of 3 COP options
hourly vanation of To, dT, elec.fee & COP
Draw given Light on strategy

...................................................................................................................................................

Quit Save defaults, close all & exit




R R

e 2k DLI 4p e P > %E%‘%ﬁﬂz“%ﬁ%gﬁ??

o iR4E T 34 & 21PPFD I 49 B

e 20W x 16 hr =35.555W x 9hr=40
= 13.333W x 24 hr = 26.666 W x 12 hr = 320 W.hr per LED tube

BERE P
kAL A A
SRR S A
BT A

20 x 16
1034.4

407.4
1441.8

W Xx 8hr

/35.55 X9 40 x 8\
/33.9 648.0
269.1 236.5
1003.0 384.5

\ minimum/

13.33x24 26.66 x12
1104.0 905.7
477.1 342.7
1581.1 1248.4



4 Flec.. — X

Select location: | Tajpei_hotte... ~

select COP method:  Temp_differ.. ~

indoor T of PFAL, deg. C 22
I hours of light period 16 |
Total no. of lamps 1000
No. of lamps in Group A 500
I Power consumption, W/lamp 20 I

Off peak period begins at 22 5
off peak period ends at 75
Fee for off peak period, $/kWh = 13
Fee for regular period, $/kWh | 4 44
Group A turn on at ?7:00 8
Group B turn on at ?7:00 8
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< o li;j:j » C. » Users » weifang » Desktop » working » eleccost »
Given:
City: Taipei on 1990/8/9, COP option = 1
light period = 16.0 hrs
Total number of Lamps = 1000 tubes, divided into group & = 500 and B =
Azsuming all lamps are equal, power consumption per lamp = 20.00 W
Off peak rate = 1.8 NT$/kWh and normal rate = 4.4 NT$/kWh
Off peak period starts at  22:20 and ends at  7:30
group A-Light turns on at 19:00 and group B turns on at 19:00
Results:
Max daily lighting elec fee = 1404 .0 NT$, group & turns on at  7:00,
Max daily &C elec fee =  624.7 NT$, oroup & turns on at  8:00,
Max daily total elec fee = 2028.7 NT$, group & turns on at  3:00,
Min daily lighting elec fee = 1034.4 NT$ ) croup & turns on at 15:00,
Min daily AC elec fee =  407.4 NT$ f group & turns on at 17:00,
Min daily total elec fee = 1441.8 NT$ f group & turns on at 17:00,
Max - Min lighting elec fee =  369.6 NT$
Max - Min AC elec fee = 217.2 NT$
Max - Min total elec fee =  536.8 NT§
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< o liaj”‘j » C. » Users » weifang » Desktop » working » eleccost »
Given:

City: Taipei on 1990/8/9,
light period = 9.0 hrs

COP option = 1

Draw 576 lighting control options

Quit

-

Total number of Lamps = 1000 tubes, divided into group & = 500 and B = 3500 tubes
Azsuming all lamps are equal, power consumption per lamp = 35.55 W
Off peak rate = 1.8 NT$/kWh and normal rate = 4.4 NT$/kWh
Off peak period starts at  22:20 and ends at  7:30
group A-Light turns on at 19:00 and group B turns on at 19:00
Results:

Max daily lighting elec fee = 1578.6 NT$, group & turns on at  8:00, Group B on at  &:00
Max daily &C elec fee =  751.7 NT%, croup & turns on at 10:00, Group B on at 10:00
Max daily total elec fee = 2330.4 NT$, group & turns on at 10:00, Group B on at 10:00
Min daily lighting elec fee =  733.9 NT$,J group & turns on at 22:00, Group B on at 22:00
Min daily AC elec fee =  269.1 NT$ | group & turns on at 23:00, Group B on at 23:00
Min daily total elec fee = 1003.0 NT$ | eroup & turns on at 23:00, Group B on at 23:00
Max - Min lighting elec fee =  844.8 NT$
Max - Min AC elec fee =  432.6 NT$
Max - Min total elec fee = 1327.4 NT$
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_ HOME PLOTS APPS a 4 B 0 e e @ @ Search Documentation
Select location: Taipei_hotte.. ~ | |dusp (5 ol 1 » C: » Users » weifang » Desktop » working » eleccost » v
select COP method: | Temp_ differ . ~ Given: ~
: City: Taipel 1990/8/9, COP option = 1
indoor T of PFAL, deg. C 27 LY talbel o ! Pprion
light period = 24.0 hrs
I hours of light period 24 I Total number of Lamps = 1000 tubes, divided into group &4 = 500 and B = 500 tubes
Total no. of lamps 1000 Azsuming all lamps are equal, power consumption per lamp = 13.33 W
_ Off peak rate = 1.8 NT$/kWh and normal rate = 4.4 NT$/kWh
No. of lamps in Group A 200 Off peak period starts at  22:20 and ends at  7:30
I Power consumption, W/lamp | 13 33 I group A-Light turns on at 19:00 and group B turns on at 19:00
Off peak period begins at 27 § Pesults:
off peak period ends at 75 Max daily lighting elec fee = 1104.0 NT$, group & turns on at  1:00, Group B on at  1:00
Max daily &C elec fee =  477.1 NT$, croup & turns on at  1:00, Group B on at  1:00

Fee for off peak period, $/kWh | 1 g ,
) Max daily total elec fee = 1581.1 NT$, group & turns on at 1:00, Group B on at 1:00

Fee for regular period, $/kWh | 4 44

GFGUDA’[UFH on at 27:00 3 Min daily lighting elec fee = 1104.0 NT$, Jeroup & turns on at  1:00, Group B on at  1:00
Min daily AC elec fee =  477.1 NT$, leroup & turns on at  1:00, Group B on at  1:00
GFGUID B turn on at ??:00 8 Min daily total elec fee = 1581.1 NTS, leroup & turns on at  1:00, Group B on at  1:00
Hourly variation of 3 COP options o
Max - Min lighting elec fee = 0.0 NT$
hourly variation of To, dT, elec fee & COP Max - Min AC elec fee = 0.0 NT$
Draw given Light on strategy Max - Min total elec fee = 0.0 NT$
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select COP method: | Temp_ differ . ~

indoor T of PFAL, deg. C 22
I hours of light period 12 |
Total no. of lamps 1000
No. of lamps in Group A 500

I Power consumption, W/lamp 35_5555'

Off peak period begins at 77 §
off peak period ends at 75
Fee for off peak period, $/kWh | 1 g
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Group A turn on at 77:00 19
Group B turn on at ??:00 19
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Given: ~
City: Taipei on 1990/8/9, COP option = 1
light period = 12.0 hrs
Total number of Lamps = 1000 tubes, divided into group & = 500 and B = 300 tubes
Azsuming all lamps are equal, power consumption per lamp = 26.67 W
Off peak rate = 1.8 NT$/kWh and normal rate = 4.4 NT$/kih
Off peak period starts at 22:30 and ends at  7:30
group A-Light turns on at 19:00 and group B turns on at 19:00
Results:
Max daily lighting elec fee = 1539.2 NT$, group & turns on at 8:00, Group B on at  &:00
Max daily 4C elec fee = 705.9 NT$, group & turns on at  9:00, Group B on at  9:00
Max daily total elec fee = 2245.1 NT$, group & turns on at 9:00, Group B on at 9:00
Min daily lighting elec fee =  Q05.6 NT$,Jeroup & turns on at 19:00, Group B on at 19:00
Min daily AC elec fee =  342.6 NT$,)group & turns on at 21:00, Group B on at 21:00
Min daily total elec fee = 1248.2 NT$,)eroup & turns on at 21:00, Group B on at 21:00
Max - Min lighting elec fee =  633.6 NT$
Max - Min &C elec fee = 263.3 NT$
Max - Min total elec fee =  996.9 NT$
| fi > v




4 FElec.. — X

Select location:  Tajpei_hotte... ~

select COP method: | Temp_ differ . ~

indoor T of PFAL, deg. C 22
I hours of light period g |
Total no. of lamps 1000
No. of lamps in Group A 500
I Power consumption, W/lamp A0 I

Off peak period begins at 77 §
off peak period ends at 75
Fee for off peak period, $/kWh | 1 g
Fee for regular period, $/kWh | 4 44
Group A turn on at 77:00 g
Group B turn on at ??:00 a

Hourly variation of 3 COP options
hourly variation of To, dT, elec fee & COP
Draw given Light on strateqgy

Draw 576 lighting control options

Quit
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Group B
Group B
Group B

Group B
Group B

Group B

500 tubes

at  &:00
at 10:00
at 10:00

at 23:00
at 23:00
at 23:00
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Given:
City: Taipei on 1990/8/9, COP option = 1
light period = 8.0 hrs
Total number of Lamps = 1000 tubes, divided into group & = 500 and B =
Azsuming all lamps are equal, power consumption per lamp = 40.00 W
Off peak rate = 1.8 NT$/kWh and normal rate = 4.4 NT$/kWh
Off peak period starts at  22:20 and ends at  7:30
group A-Light turns on at 19:00 and group B turns on at 19:00
Results:
Max daily lighting elec fee = 1598.4 NT$, group & turns on at  8:00,
Max daily &C elec fee = 772.6 NT%, croup & turns on at 10:00,
Max daily total elec fee = 2371.0 NT$, group & turns on at 10:00,
Min daily lighting elec fee =  648.0 NT$ ) group & turns on at 23:00,
Min daily AC elec fee =  236.5 NT$ f group & turns on at 23:00,
Min daily total elec fee =  884.5 NT$ f group & turns on at 23:00,
Max - Min lighting elec fee =  950.4 NT$
Max - Min AC elec fee = 536.1 NT$
Max - Min total elec fee = 1486.5 NT§
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4\ Fig. 4: Group A & B turns on at 23 & 23, Light period = 9 hrs
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4 Fig. 5: Group A & B turns on at 23 & 23, Light period = 9 hrs
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4 Fig. 6: Group A & B turns on at 23 & 23, Light period = 9 hrs
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Daily harvested Fresh Weight, in gFW

 Daily power consumption (DPC) of light in kWh was calculated
e Assuming EY (in gFW/kWh) of the cultural practice also given
* The daily harvested FW can be calculated as follows:

* Daily harvested (DH in kg/day) = DPC * EY / 1000

e Assuming EY is 100 ~ 125 g/kWh (10 ~ 8 kWh/kg FW)

* DPC = 320 kWh/day derived from previous page for 1000 LED tubes
 The DH =320 * 100 (or 125) / 1000 = 32 or 40 kg/day

* Monthly production (30 days) = 0.96 or 1.20 ton/month



Affordable Price

Max / Min daily elec. fee = 1441 ~ 2028 NT$/day

Month fee (30 days) = 43230 ~ 60840 NT$/month

Assuming elec. fee is 30 ~ 50 % of the total operating cost

OP cost per month = 86460 ~ 121680 NT$ @ 50%

= 144100 ~ 202800 NT$ @ 30%

Monthly harvest =0.96 ~ 1.20 tons of produce

Minimum price >=121680/(0.96*1000*10) = 12.675 NT$/100 g @50%
or 86460/(1.20*1000*10) = 7.205 NT$/100 g @50%

>=202800/(0.96*1000*10) = 21.125 NT$/100 g @30%

or 144100/(1.20*1000*10) = 12.008 NT$/100 g @30%



