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Abstract

The purpose of this study is to demonstrate and analyze the function of a Smart Plug before and after it is applied on the electrical
appliances by controlling standby power usage. The research measures and analyzes the amount of electrical energy used while activating the
Smart Plug with two types of appliances in a university facilities. The smart plugs were applied into a Group 1 appliances (Multi-function
device, computer, laptop, Air con) which completely hinder the standby power, and a Group 2 appliances (Refrigerator, cold and hot water
dispenser) which does not completely hinder the standby powers due to the characteristics of the function. First, the total standby power
saving of all electrical appliances (Group 1 and Group 2) using the Smart plug was measured as 4.59%. Second, the energy saving of the
Group 1 products was analyzed as 26.43%. Third, the standby power saving of the air conditioners from mid October to early December was
measured as 31.06%, during the seasons when air conditioning was not actively in use. The research indicates that all specified appliances
did have better energy efficiency with the Smart plug regardless of the amount of energy usage.
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Table 3. Information for electrical appliances

Table 4. Setting for Standby power blockage
of each equipment

Energy . . . .
Division | efficiency Model Notified power consumption . Multi-function device, Refrigerator
grade Device | Gl computer, laptop G2 Cold and hot
Air con water Dispenser
power (working day)
Multi maximu | low : . 00:00 ~ 08:00 (8 hours)

-function : SCX-6545N m : Stal%(g?/' | power : ;ﬁ)‘g:g: Bl}‘li’oclll(rl;lg 19:00 ~ 24:00 (5 hours) None
device 1.5kw 16w 1.5w (weekend)

00:00 ~ 24:00(24 hours)

C t . bled PC Use 08:00 ~ 19:00 00:00 ~ 24:00
ompuer assemble hours (11 hours) (24 hours)
Laptop . SENS R560 annual power .con7sll(1$£tlon reference . o

Table 4-1. Duration of monitering
) thly : 416kwh Before ) From Oct. 18th, 2014.
Air Con Ist AP-1536 p(,we?“égnsgmpﬁon :W1850w standby power blocking To Aug. 31th, 2015.(318 days)
After ) From Sep. 1st, 2015

Refrigerator ) SR.241A  |annual power: Czosn,if\l?vl])qmn reference standby power blocking To Dec. 2nd, 2015.(93 days)
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Figure 4. Screen for standby power blockage setting
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Figure 5. Monthly average electric energy consumption of
each equipment (October ~ August)
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Table 5. Monthly average electric energy consumption
of each equipment (October ~ August)

(Unit : kwh)

o] &3k g de] Ay A AT AS B

Table 6. Weekdays electric energy consumption
(October ~ August)

A A AT

(Unit : kwh)
Gl G2 Gl G2
Mo-["yn Cold and
3 . Cold
nth | function | Computer | Laptop Air con. Refriger hot water . and
device -ator dispenser Hour| Multi- Com Alr Refrig- hot Avera
function P | Laptop | conditi & -g¢
oct. 100431 087314 | 022875 0.07919 133418 1.70890 device -uter her | erator dwater
ispen-
Nov 0.81843 | 080633 | 021756 0.07882 121911 1.69109 ser
Dec 0.76057 101514 | 023657 007822 | 091411 | 73614 00:00 | 0.02449 | 0.00738 | 0.00095 | 0.01516 | 0.06451 | 0.06970 | 0.03037
T 077370 | 02127 | 020224 007920 | 0.94306 | 78932 01:00| 0.02547 | 0.00603 | 0.00094 | 0.02605 | 0.06424 | 0.07002 | 0.03213
b, 00088 | 052089 | 023587 007964 o666 8305 02:00| 0.02523 | 0.00597 | 0.00094 | 0.01952 | 0.06290 | 0.07011 | 0.03078
03:00| 0.02457 | 0.00593 | 0.00095 | 0.01201 | 0.06360 | 0.07006 | 0.02967
Mar. | 074779 | 093655 |  0.24059 0.07981 1.28138 1.83552
04:00 | 0.02474 | 0.00629 | 0.00093 | 0.01033 | 0.06340 | 0.07046 | 0.02936
Apr. 091513 101496 | 024198 038675 1.47564 1.71965
05:00| 0.02389 | 0.00614 | 0.00094 | 0.00332 | 0.06238 | 0.06977 | 0.02774
May. | 079088 |  0.74961 021734 431384 1.83050 1.68915
06:00| 0.02338 | 0.00624 | 0.00093 | 0.00835 | 0.06301 | 0.06919 | 0.02852
Jun. 0.89504 129557 | 0.26001 933478 | 223231 1.68230
07:00| 0.02332 | 0.01373 | 0.00092 | 0.04358 | 0.06105 | 0.06899 | 0.03527
Jul. 0.68465 134875 | 020213 126162 | 221582 1.66412
08:00| 0.02520 | 0.02369 | 0.00198 | 0.12502 | 0.06233 | 0.07024 | 0.05141
Aug. | 0.69716 | 094887 |  0.20266 9.92659 | 2.25135 1.69959
09:00| 0.04153 | 0.09696 | 0.01373 | 021222 | 006177 | 0.07487 | 0.08351
Avg 0.03286 |  0.04058 |  0.00940 0.14901 0.06406 |  0.07211
10:00| 0.05782 | 0.12928 | 0.02915 | 0.28975 | 0.06077 | 0.07887 | 0.10761
e " 11:00| 0.05498 | 0.13446 | 0.03361 | 030657 | 0.06496 | 0.07899 | 0.11226
322 BY AEE 24
. o 12:00| 0.04453 | 0.12393 | 0.03526 | 034124 | 006589 | 0.07541 | 0.11438
38U Ax FT FE 0YS AYsE HY 228¥¢
13:00| 0.05149 | 0.13242 | 0.03607 | 0.44852 | 0.06546 | 0.07541 | 0.13490
ZFe] AZHIYE B A7|AME %S Figure 6, Table 6
del AR W Ad7)AE e Fig ’ < 14:00 | 0.05747 | 0.13426 | 0.03614 | 049709 | 0.06391 | 0.07763 | 0.14442
1
2o 15:00| 0.05862 | 0.13069 | 0.03570 | 050027 | 006532 | 0.07792 | 0.14475
=717 o o] 1 Z Al gko #Ho
AS711 gd A7IAERE cllefxiel 0.18887 16:00| 005210 | 0.12813 | 0.03515 | 051871 | 0.06688 | 0.07641 | 0.14623
2} #FOJ O Loz Q2= AL
kwh= 714 Bter, dsoz W - 257)9f ¥ 17:00| 0.04916 | 0.11149 | 0.03060 | 0.44858 | 0.06484 | 0.08047 | 0.13086
2= Y o F7 0 ° W
AR Yeyt W - 279k @A A AR 18:00 0.03903 | 002242 | 0.00793 | 020246 | 0.06788 | 0.07412 | 0.06897
& = hv o
AbgRFe] WE7E 7HE A AT ofd wHiste] HsrE o] A 19:00| 0.03061 | 001184 | 0.00221 | 0.13098 | 0.06607 | 0.07300 | 0.05245
[e) o Zr o 2 = =0
-+ @7]/] B AEFHS FAAAT, FFAL FY A7) 20:00| 002764 | 001065 | 0.00174 | 0.13159 | 006515 | 0.07298 | 0.05163
N N
gAat. 53719 A 21:00| 0.02656 | 0.00875 | 0.00131 | 0.12686 | 0.06600 | 0.07199 | 0.05025
Al W - 278 YA RT
5 ‘:]'% AFo) vla TFEA} ZFEAIZE] H7A 22:00| 0.02594 | 000754 | 0.00114 | 0.08998 | 0.06616 | 0.06993 | 0.04345
g8l & zol7t AT 23:00| 0.02596 | 0.00774 | 0.00093 | 0.02383 | 0.06548 | 0.07166 | 0.03260
AREAIZEONE oY A AME AlEF ARE BHYE, 749 Aver | 003598 | 0.05299 | 0.01292 | 0.18887 | 0.06433 | 0.07325 | 0.07139
age
AR E A0 R 08A] olF AFE AHEste A=
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Figure 6. Weekdays electric energy consumption on the basis
of hours of usage (October ~ August)

N o S W

//.\H‘\*l.._a

Figure 7. Weekend electric energy consumption on the basis
of hours of usage (October ~ August)
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Table 7. Weekend electric energy consumption during
measuring period(October ~ August)

(Unit : kwh)

Gl G2

Cold

. ; and
Hour| Multi- Comp Air Avera

Mult ... | Refrig- hot -ge
| er | Levon | eondi | o | ater |

dispen
-ser

00:00 [ 0.02472 0.00638 0.00074 0.00337 0.06806 0.07054 0.02897
01:00 | 0.02429 0.00630 0.00071 0.00337 0.06559 0.06672 0.02783
02:00 [ 0.02275 0.00629 0.00074 0.01173 0.06185 0.07302 0.02940
03:00 | 0.02283 0.00629 0.00071 0.01749 0.05947 0.06674 0.02892
04:00 [ 0.02235 0.00633 0.00075 0.00336 0.06144 0.06991 0.02736
05:00 [ 0.02187 0.00629 0.00070 0.01193 0.06255 0.06929 0.02877
06:00 | 0.02224 | 0.00628 0.00073 0.00337 0.06081 0.07048 0.02732
07:00 | 0.02294 | 0.00763 0.00070 0.01436 0.06210 0.06820 0.02932
08:00 | 0.02273 0.01038 0.00070 0.03021 0.06188 0.06870 0.03243
09:00 | 0.02552 0.01314 0.00070 0.04671 0.06353 0.06814 0.03629
10:00 | 0.02985 0.01678 0.00077 0.06404 0.05994 0.07266 0.04067
11:00 | 0.02863 0.01852 0.00072 0.07470 0.06227 0.06671 0.04193
12:00 | 0.02666 0.01586 0.00072 0.06759 0.06322 0.07108 0.04085
13:00 | 0.02696 0.01590 0.00075 0.10497 0.06498 0.07018 0.04729
14:00 | 0.02711 0.01477 0.00076 0.08571 0.06543 0.07120 0.04416
15:00 | 0.02688 0.01356 0.00089 0.09729 0.06414 0.06790 0.04511
16:00 | 0.03093 0.01116 0.00078 0.09803 0.06673 0.07095 0.04643
17:00 | 0.02862 0.00939 0.00083 0.11475 0.06436 0.06957 0.04792
18:00 | 0.02525 0.00734 0.00077 0.09200 0.06387 0.07270 0.04365
19:00 | 0.02400 | 0.00817 0.00082 0.08355 0.06493 0.06711 0.04143
20:00 | 0.02393 0.00808 0.00074 0.07983 0.06318 0.07114 0.04115
21:00 | 0.02440 | 0.00802 0.00079 0.05852 0.06244 0.06829 0.03708
22:00 | 0.02449 0.00962 0.00070 0.03440 0.06344 0.07089 0.03393
23:00 | 0.02382 0.00924 0.00075 0.02507 0.06491 0.06886 0.03211

‘:;Z' 0.02516 | 0.01007 | 0.00075 | 0.05110 | 0.06338 | 0.06962 | 0.03668

Table 63} Table 75 #2413 Table 89 Zzo] W=,
AZ71Z Bt HAun] F2e] H H7|AMEFe b
£(0.03668kwh / 0.07140kwh)2 51.4%°l &33}ct. Z+ A
FE FLEY AT vE dAZT, B - 257, 530,
ooz, AFE L =EHo] 747 985%, 95.0%, 69.9%,
27.1%, 19.1% % 5.8%2] H]-&LS Holi Ut}

A&d vrel 2ol A2 Group AZF(WIAL, W7D
A9 Al Group AEELS Foolles A9 A&l HZA
27] W&ol A7|ARg o] wg- HTh

Table 8. Analysis of electric energy usage before standby
power blockage (Unit : kwh)

-ing 0.02719 0.01335 0.00076 0.07964 0.06367 0.06998 0.04243

Week| of

-end | Work| 0.02343 0.00730 0.00076 0.02695 0.06314 0.06932 0.03182
usage| _ing

0.02516 0.01007 0.00075 0.05120 0.06338 0.06962 0.03668

-ing | 004223 | 007931 | 0190 | 027440 | 006420 | 007454 | 009234

week
-days
;Veek Work| 0.02492 0.00781 0.00102 0.04292 0.06386 0.07023 0.03513
-end

0.03286 0.04058 0.00940 0.14901 0.06406 0.07221 0.06135

-ing 56.2 12.6 2.8 225 98.6 91.6 18.7

Ratio | work 91.8 911 64.5 545 98.4 982 86.6

69.9 19.0 5.8 27.1 98.5 95.0 514

33 713 Ag F 7] AeF B4
331 07148 A F DB oA AgF B4
WAES Aed 20159 99 105E 129 29717
9307 HolgE W¥w Hed A Table 99 2o
o, ool oA AgFe] A B gL 9% e
stk Table 99 AnE WA Aol oA A&

FE 4% Table 59 Ao} Hlwstdoh. o] Hlue
TEAI S 23 Flo|th
Table 9. Analysis of energy usage after standby power
blockage(Monthly)
(Unit : kwh)
Gl G2
Cold
Mo- | Muli Compi- A 0T | Refiiger | @nd ot
nth -function P Laptop conditio- g water
. ter ator .
device ner dispense
T
Sep. 046833 | 079231 | 0.20657 5.07312 204368 1.70112
Oct. 039789 | 081326 | 021178 0.67349 1.66112 1.68552
Nov. 039572 | 086190 | 0.21219 0.02318 1.48920 1.73052
Dec. 0.87570 | 1.63805 | 0.34105 0.03225 1.50950 1.85090
Avg. 0.01244 | 002429 | 0.00616 0.03970 0.07102 0.07022

Gl G2
Cold
L Multi . and Averag
Division -functi Compu Lanto coAngiti Refrig hot e
on -ter ptop —oner -erator water
device dispen
-ser
Work
-ing 0.04836 0.10616 0.02685 0.35368 0.06455 0.07639 0.22725
hours
Out
Week| of
'days Work| 0.02552 0.00802 0.00114 0.04942 0.06415 0.07060 0.03676
usage| -ing
hours
Aver 0.03599 0.05300 0.01292 0.18887 0.06433 0.07326 0.07140
“age X X X . X 07326 .

A1 Group®l &E%~7], FA4FE], Laptop, ol thr1d

g g A i A oz AMgH Hdule 47
37.86%, 59.85%, 66.53%, 26.64%= A 4719 AZ9 A=H
o AREE] H=(AGEHGAEEGD (0.08259/0.23185)2
35.62%° sl ot T3 A|2Groupe] WFe} B3
719l ti71d8 A A e g Fo] o] AREEF H
= 1Y, Z7; 110.86%, 97.37%7F =Hol thr|d=E ad A
S o] H(AttAd G2/AE G2)= (0.14124/0.13617) 103.72%

A= At

A&t vke} o] A2 Groups] AFS AMEEAA
7178 S ASEIA Fkr] wiol] FAZF 8l A
A7 g o] FI 8T
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Figure 82 Table 102 IZ=Z Yehd Ho=ZA
Table 10914 RE ule} Zo] Al Groupe ZF A7t
Fools drldgs AAstgr] wEel oA AE
o] Ay gloh. wahA FLE duR ARgEFo] A
o FFoe FFAZL ]J Al A7t AHgE AT ot
Al 7Y 2P ZFAIRE TiH] “’ﬂ’\]ﬂgl 7]
AL S, 5 Eﬂﬂl %4 A7 A vle ouvt

Az E

oA AleE

o

ATt
Table 10. Weekdays electric energy usage after standby
power blockage(September ~ December) (Unit : kwh)
Divi Gl Gl
-sion
Cold A
. and vera
Multi- Air ; -ge
Hour| function | COMP Laptop | conditi Refrig- hot &
device -uter _oner erator vyater
dispen
-Ser
00:00 0 0 0 0 | 0.07000 | 006861 | 0.02310
01:00 0 0 0 0 | 007059 | 006897 | 0.02326
02:00 0 0 0 0 | 0.06984 | 006905 | 0.02315
03:00 0 0 0 0 | 0.07046 | 007018 | 0.02344
04:00 0 0 0 0 | 0.07034 | 007063 | 0.02350
05:00 0 0 0 0 | 006938 | 006837 | 0.02296
06:00 0 0 0 0 | 006593 | 006832 | 0.02238
07:00 0 0 0 0 | 006765 | 0.06635 | 0.02233

08:00 | 0.02462 0.01463 0.00084 0.00845 0.06975 0.06715 0.03091
09:00 0.026 0.05299 0.00669 0.01120 0.06930 0.07211 0.03971
10:00 | 0.03177 0.06654 0.01541 0.05075 0.06925 0.07193 0.05094
11:00 | 0.02999 0.06900 0.01715 0.06292 0.06920 0.07119 0.05324
12:00 | 0.02431 0.06260 0.01769 0.08782 0.06878 0.07307 0.05571
13:00 | 0.02817 0.06182 0.01797 0.14592 0.07613 0.07227 0.06705
14:00 | 0.03007 0.06166 0.01769 0.20941 0.07260 0.07100 0.07707
15:00 | 0.03071 0.06210 0.01738 0.23834 0.07610 0.07104 0.08261
16:00 | 0.02803 0.06484 0.01741 0.26811 0.07720 0.07107 0.08778
17:00 | 0.02580 0.05561 0.01529 0.16539 0.07299 0.07257 0.06794
18:00 0.0191 0.01114 0.00432 0.04892 0.07263 0.07202 0.03802
19:00 0 0 0 0 0.07085 0.06996 0.02347

20:00 0 0 0 0 | 0.07267 0.0722 0.02414
21:00 0 0 0 0 | 0.07145 0.07073 0.02370
22:00 0 0 0 0 | 0.07101 0.06696 | 0.02299
23:00 0 0 0 0 | 0.07038 | 0.06964 | 0.02334

‘:;Z' 001244 | 0.02429 | 0.00616 | 0.05405 | 0.07102 | 0.07022 | 0.03970

Figure 8. Electric energy consumption on the basis of use
hours for each equipment after standby power blockage
(September ~ December)

4 CHZ|MEAE M 29| ofHX| 2E =21t 24

Table 11& ti7|AHEAGE AF 4 A7)
B} FLE FEsto] AF s
g Hlue dr)dgadd s «1 4713kl HAE= 10
2 1BUREH d 129 2d7bA A7 719 euA
ARFe wmstgoy 201597 20169 %Etﬁi}—t—
1 3HA ekdtHTable 59 Table 9¢] A=
. oFE AA AsA e BFES EHﬂ%iEﬂ Z}E‘W«l
Ho]E{olt}. Table 12 Table 11 o] &3l thr]1d¥
A AFo) vE A Zon. Gl G2 =¥ =9
F AAAJ] WrIdY A Fo] AUy A ARFe
Aol 95.41%° 2skal vk wEkM dAHom Aok
H oA = 459%= ASHAJAG. A7|AEFE tr1dy
Agasrt 7 & AL Al Groupel oot H3tr]
2 EH7]7<%E'3 AtdH o] vl Zh7E 31.06%2) 46. 50%011:}

FE 9} Laptop2 27+ 99.04%9} 97.24%2] v1E e
01 7y Adades g A7AF 310}04 o] w &
AAeltt. A2 Groupe| W¥Aiet Werls trjdY
2rekA] esky] ool AERQ oA dFFE AT}
< ¥ O}Hﬂ‘r 25E dqUAEs 238 F7heAT
et Al e A2Groupe A LT A F 9
o A] iE%L% Hlwstd thr]dY A Fe] oy A
AR HlE 73.57% (0.06236/0.08476 kwh)ell &3}
26.43%°] <lUuA AgaEart BT ol= PARIA
2utE FHIE o]gste] AR oA dREd
20.0% o= & <A|(Figure 3 F=x)o|th

2 o o

Table 11. Energy consumption before and after standby
power blockage

(Unit : kw/h)

Gl G2
Divis Cold Average
-on- | Multi-f Compute Air Refrige and hot
unction _‘P Laptop conditio- —ratogr water
device ner dispense

-T

312;]; 0.03989 0.04920 | 0.01321 0.00327 | 0.05329 0.07206 |  0.03849

\le;é( 0.02910 0.00425 [ 0.00075 | 0.003324 | 0.04957 0.06779 | 0.02580

Total | 0.03660 0.03552 | 0.00942 0.00322 | 0.05216 0.07076 | 0.03461

‘gzey‘; 0.02372 | 0.04903 | 0.01277 |  0.00139 | 0.06571| 0.07321 | 0.03764
V.V::é( 0 0 0 0| 0.05947| 0.06828 | 0.02129

Total | 0.01702 0.03518 | 0.00916 0.00100 [  0.06395 0.07182 | 0.03302
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Table 12. Comparing of energy consumption(BSPB/ASPB)

(Unit : kw/h)
Percentage before and after
standby energy blocking Weekday | Weekend | Average
Multi-function device 59.46 N/A 46.50
Computer 99.65 N/A 99.04
Gl
Laptop 96.67 N/A 97.24
Air conditioner 41.51 N/A 31.06
Refrigerator 123.31 119.97 122.60
G2
Cold/hot water dispenser 101.60 100.72 101.50
Total 97.79 N/A 95.41
5.2 2
2 AFdAE dFgAES didez AHEIEUN0T)
Zles 7o s she 2nEZEYIE &8st H7A
Fo) g/ Y AeAT Auie) oy LWL A
ssith. olF 9ol BABGA Sl FXSL A Mo
o] dutAFAE oz 6712 ASHEAES A3}
T YRS ANSAT 1 2o ded 2o
AR, AZFE EE AZAFE dirdy Ado=
4.59%9] A &35 FJAd 5 AU

E4, h71dgdxgdazyt g 2 Al Groupd AE
AFEH, REE, B3], JdoES dride d A
73.57%2 #FlE o] oUx HAZEAE 2643%=

,\
N

AR, d71d8-E& AdekA] E2 A2Groupe] A F(
P, YFrDE di7IdE AdFe dux] ARgEFol
b FUhstR e ole ouyA AR A WIHFE
Ao 3 Ayex Waho 93 Aoz dAdd
. o] AF9 gule AAHoR WiAIel W27
NHA AHEFE AFz o7 AFstEd ourt 9t
U, 10€ F4+8E 1292713 A-A a3 ALgat
o] AHEEAFOR <t oA ALgEo] BWA FAW
olojziel Af, tir|AdE AdaEHAE 31L.06%EA AAFH
ol X AZEFHE 68.98%= A=)

o

g 12
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