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ABSTRACT

Purpose: This paper introduces Pohang University of Science Technology (POSTECH) advanced metering
infrastructure (AMI) and Open Innovation Big Data Center (OIBC) platform and analysis results of electricity
consumption data collected via the AMI in POSTECH campus.

Methods: We installed 248 sensors in seven buildings at POSTECH for the AMI and collected electricity
consumption data from the buildings. To identify the amounts and trends of electricity consumption of the
seven buildings, electricity consumption data collected from March to June 2019 were analyzed. In addition,
this study compared the differences between the amounts and trends of electricity consumption of the seven
buildings before and after the COVID-19 outbreak by using electricity consumption data collected from March
to June 2019 and 2020.

Results: Users can monitor, visualize, and download electricity consumption data collected via the AMI on
the OIBC platform. The analysis results show that the seven buildings consume different amounts of electricity
and have different consumption trends. In addition, the amounts of most buildings were significantly reduced
after the COVID-19 outbreak.

Conclusion: POSTECH AMI and OIBC platform can be a good reference for other universities that prepare
their own microgrid. The analysis results provides a proof that POSTECH needs to establish customized strat—
egies on reducing electricity for each building. Such results would be useful for energy-efficient operation
and preparation of unusual energy consumptions due to unexpected situations like the COVID-19 pandemic.
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Figure 1. POSTECH campus buildings where AMIs were established

Table 1. Sensors installed at the seven buildings

Sensor 3ch 24ch High sampling No.

Building smart meter smart meter sensor of sensors
Rt el B : : 0
Insititute of Al (b) - 15 4 19
Sci. Building (c) 27 - 2 29
Tae-Joon Park Digital Library (d) 54 - 23 77
Biotech Center (e) 19 - 15 34
C5 (0 43 - 12 55
Graduate Student Apartment (g) - 4 - 4
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Figure 3. Data monitoring function of OIBC platform
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Figure 4. Data sharing function of OIBC platform
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Table 2. Statistical comparison of electricity consumption amounts of the seven buildings
between working days and days off

test A Library” ESE” Bio” test B E4x C5 IAI" APT”
t 4.9621 12.4017 24.8512 % 230 148 314 721
p-value | < 0.0001 | < 0.0001 | < 0.0001 p-value | < 0.0001 < 0.0001 < 0.0001 0.0001

*. Buildings that show a significant difference at a = 0.05
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Figure 6. Average electricity consumptions of seven buildings on working days and days off
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Table 3. Statistical comparison of electricity consumption amounts of the seven buildings
before and after the COVID-19 outbreak

test A Library” ESE* test B E4 C5 IAT APT” Bio
t 14.5607 7.2458 s 2597 2669 267 565 5828
p-value < 0.0001 < 0.0001 p—value 0.1327 0.1965 < 0.0001 | < 0.0001 0.2439

*. Buildings that show a significant difference at a = 0.05
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Figure 12. Average electricity consumptions of seven buildings before and after COVID-19

Vg 2 A ALE T Aol E Holt AR vHhETAY =N T Library)e]H, vhe] 22

T S P T I A

F2 AN A 39 FUL TN, £F ARE 244004 2.F 6A7E S5,
3 1

A9 3
o] it FeRES Q27 ulE 4@ Aolth. vl QEAMENE 7 AT AE] AFehe 1B
3H [} =i

A AEel vhse] Qi A A 2 FuE ALgelok 3] sl ABET AlolE 47 Qlgle]
el Stoleh, olA3 HELHY WAOR A% A2 £ Aol we A ALg o] Webd 5 AL HFY 5

4. E9

B M= 28 AMISH OIBC 3%, 282 ASA U 77) A2 89 A8 AL dlolg £ A}
g Uitk 28 AMIS OIBC SHE2 st=so], 2 Ed e, 7% Aot dolg 3, e, T, 1

T,



630 J Korean Soc Qual Manag Vol. 50, No. 3: 617—634, September 2022

o AFgel ol2717k4) Tepe Robel AR Belstel Eau AMISH OIBC ERES A%7b5e Asyow
A7) 7o) FRaT) 018 SaA Uz AMISH OBC S9E S1usl 2458 99 Z2aug /)2
spy ol @ golehs B34S 24T Wask k. oA, Folold A, 493 5L %

7 ks Aol Ea £PH AUAS ole o Fo FolE AN 5 9L
X o

Al
2 2g i
N 18] ALE HlolB & 28 5 353 S5E 5 9

z

o)
N ol

1=
fru
3
(m
{1
tjo
of °
:Oé
=
i
o,
1

>
o
=
°
o
ML

>
=
o

(e

¢

R
o
= [1110
i
o
fr
=
i)
=
2
N
g
fru
i
>
)
2
i)
>
oo
2, oﬁﬁ,
ol
ol
o

to
1
2
o
ftl
fe o
kel
[
42
>
= %
£
S o
o JE
>
[l >% oo
o 2
o
- 4
)
>,
o
ol
N
>
Y
&
gO
tlo
po)
o
v Jo

o o pob
o
iy
>
[m
=z
Ir
N
i

i
2
T N
2
o
>
r>
(o3
2

>

=

)

>
2

do =
[
Gl
=
T
i)
[0
Ol
=
>
O
=2

2L
L 2 o
>
o t
ﬂP{N' rﬁ:
=y
> l?-ﬂ
> 15
WS
ox, H
£ g
f
AN
o i
lo
o,
4 0
i)
i,
2
N
>~
>

=
i
i,
X
=
[
il
o
o|N
ol
rlr
=
o
oo
i)
4
%9,

o
ri_“
>
H
[
12
>
=
o
o c
=
'®)
il
PRI
fo
o
=)

oX r
tlo
oy ol
o|N
:le
4y

%0,
o
0
o
2
o
ol
|o
f
ox Mo
O 1
o
\l —
I
o, a9
£ oy
o 2
~
o=
=
o i
o =
‘-Cj oty
-
m =
., =
=
o
b
_>” N
T ©
fo oy
-
(o]
1=
o g o
r% rok
i FOI'
R

i)
[>
oo M
O>~
ol
rlr
i)
2L
o
O ol
X
o,
tlo &
o
tlo
ofo
_O‘L
rle
=
o
=
o
1o
e
o
=
fo
dr
2

gd o o
ol
==

5
1)'%

=

1o & bunei)
o [ Eu
o 1t lo
>~ 2
>,
o
9
=
o
e
-
Ny
i
o
o A
K
30
>
9
=2
4r o
M
fo lo
e
-
rlr
=
o
o

[
I
>,
oo
ot
&
[

4,

A= E 28130 ItHChoi et al., 2017). ©]23F £4
= 2
[e)

), ARl e e Y AR B EdlE g1 oA whETh mpA e ' of

o
ofN
()
k]
>~
>
N
="
Kl
>~
>

v o=

.|
52

o A2 v

=]
]

at)
N

¢

NN
PSS
il
U
=

(e}

IS

mo—H
rl
oty
>
i
k)
=
S

I Moo
ftl
i)
©
»
N
0]
=
o
=
N
o
oo
>

9 A
18] st A2 89

o "o LA

oM.
i,

g gl et d

AHE HlelHE Z8ato] A=, S8, 9, AR

=

re
-
=
>
rir
o,
AT
ol
ol
)
futa)
o
4
<,
ol
ol
)
4o
ol
iCla
i
2L
i

T
o2
ot
2
>
lo, ot
2,
Hi
>
>
oo

T ol

o A
(I
)
o [E
du x2
o L

o orE
S
M
it}
g

M
%
NI\

ae
%

o,
o
fitl
o
:oé
z
o
_O|L
rlr
NG
2l
o,
oo
g e
o
X
:oé
e
pas
£
o,
v
ot
i
B
rlr
N
&
[
ut)
Ho
(o3

]

RS

A7) Apge] et S Ko
==

TS
2
[e]
rc I
Y
it}
lut
o,
tlo
R
Ar3
of
)
i
i)

SE

oo o
)
2
L)
>
>
rJ
AL
N
)
e
fo
%
)
o 2
<
ol
o
ful
S
i
&
pass
2,
il
o,
el
2

Ew) 1 u
>
>

o
Y
EY
T
B
oy
L

C57F olel shgslw, & A% ) SOz By FoH

2235 429 717

Apgae g, A

A, o1& Asleta AY AL Bol AAse 82

A7 9 AS =
A

a7 Bate] 48

ofr
w
of\
tlo
o
2
S,
ol
ol
rlr
posy
o
2
iy
ol
ol
2,
O
kA
s
N
N
S
>
ofo

X,
o
ol
N
do
%
N
oyl
o
o
il
I
£
Ir
N
N
f[rt
o
o
o N 2 2
o

olr
-3
=)
o B
[
N
>
>
oo
ot
N
[
o
S
o
1% g
to
%
o
ek
Y
o,
vl
K3
)
=
(@)
(@2}
o
o,
o
2
é
=3

=
=
ol
rlo
=~
>
=~
N
sk
ol
)
2 9
[
el
ol
ol
R

il
1
_]0
=
X
.
I
Y
ol
ol
9
o

=2

Fated AAs|oF Gk o2, 4
(<3}

o
S,
o
Au)
=
Lo
o
o,
(e}
o
Lo
(m
Lo,

= o

TE 93 obhE] A g FolE BRe
Aol jol] met W 5 glek webd, AR

S M ¢ = A=rE Desltt i, A Ha A ARSI} ARle] a9l

O
=
ot
T
o
o
ul
lo
2
I
>,
ofo
oft
fo T
Y
N e

fol
i
o,
2
L)
>~
=
ofo



Ryu et al: Collection and Analysis of Electricity Consumption Data in POSTECH Campus 631

o

et
o}

B

§ 229 Y

9]

o
155

N gkt s &

t}, 7]

Aol E B9 wae) BE A% Y A8 Aol Skl

2

[@p]

Ao e Z2Y1

=
L

2

Aal, B 24

[e}
R

d, 2021; ©]A %, 2021).

o~
T

§ 57k ) e

!

oA 219 T4 o]

o
=}

o mEbA, A o

§l_

2 9y

!

o}

:[L

g3} v)74) 9 2

184

-‘5]]}\1% o

o o

~

1A

gHI7E Ay

o] Risjofok &

Hlo

B

28 AMIe}F OIBC

L
i

Al A

.

& 7] QlzZet}

_CH
Al A

=
=

g ARl A, o]

[

Ao

tar AA= S o

3]

o) Ak81% Agdo] Z71

52

=

P EE ]

sk

ol

=

=HE

g AMI¢} OIBC

AA]

KN
=

DEERRE:
A %

3

ol M

—_—

H
B

!

X

_—

m

)

ol

of

=
=

) 229 sppEIYE T

!
~

Nlo

14o
oy

d ddA

}a, 21193

Az gehe v

4

I

H

e

=4 9

T

N

al

A 2

=

7] A% 7]

Bl 718k s s A A A g

dl 7]

L
fu

af

| AMH| e FdE Al

ikl

1
L

Aolw], Ao

;ﬁ

;Iw_ﬂ
o

o
B

o
e

0

<ol

J =2} 877 5 ol

49l

A2 A48 dlojelsl AgETiY A ALge 2 EAE W] o)

T

£3) A4 A

=
=

H, °]



632 J Korean Soc Qual Manag Vol. 50, No. 3: 617—634, September 2022

REFERENCES

2020 Annual end-use energy statistics. 2021. Korea Energy Agency.

Bian, D., Kuzlu, M., Pipattanasomporn, M., and Rahman, S. 2014. Analysis of communication schemes for advanced
metering infrastructure (AMI). In 2014 IEEE PES General Meeting Conference & Exposition. p 1-5.

Dong-Ho Lee. 2015. Current status of domestic energy industry and technologies of cyber security. The magazine
of the IEIE 42(8):26-30.

Gaojie, Kyungsoo Park, and Jaehee Kim. 2016. A study on railway services improvement using quality function
development incorporating SERVPERF. Journal of Korean Society for Quality Management 44(2):451-466.

Gyu-Bon Hwang, Sung—Chan Park, Myung-Hwan Lee, and Seong-Hyun Kim. 2020. A study on regulation of power
industry for enforcement of on-grid microgrid. In 2020 KIEE conference. p. 369-370.

Hye-Jin Jung and In-Chol Kim. 2017. Research on changes and characteristics of GHG emissions by major en-
ergy—consuming universities in Korea-Focused on the variation since the implementation of GHG emission
regulation by government. Journal of Korea Institute of Construction Engineering and Management
18(1):74-82.

Hye-Jin Jung and Jina Kim. 2018. A study on the energy consumption characteristics in university buildings based

on the analysis of power consumption indicators — Focused on load profiling of S-university -. Journal of
Energy and Climate Change Education 8(2):99-111.

Hyun-Ho Choi, Ye-Ji Son, and Sung—Guk Yoon. 2017. Pattern analysis of campus electric load for scale. Proceedings
of the Korean Institute of Electrical Engineers; 2017 July 12-14; Busan.

Jaehun Park, Ye-Rim Kim, and Su-Bin Kang. 2021. Customer satisfaction analysis for global cosmetic brands:
Text-mining based online review analysis. Journal of Korean Society for Quality Management 49(4):595-607.

Jae—Woon Jung, Dong-Woo Kim, Jong—Min Lee, Jeong—Hoon Yang, and Ho-Tae Seok. 2010. The survey and analysis
of electric power consumption in university building by analyzing case study. Journal of The Korean Society
of Living Environmental System 17(1):1-9.

Ji Young Ha and Se Hwa Lim. 2022. Analysis of salad purchaser types and purchasing behaviors through social
network analysis. Journal of Korean Society for Quality Management 50(2):287-304.

Jihoon Cho and Jebum Pyun. 2022. A study on the implementation plan for public service quality management applying
the ISO 18091 framework. Journal of Korean Society for Quality Management 50(1):1-19.

Ki-Hyeon Park, Jae-Ywan Park, and Jin-Soon Park. 2016. A study of improvement methods of energy efficiency
for university campus. Korea Energy Economics Institute.

Littman, A., Lyon, G., Shah, A., and Vogler, J. 2012. Exploring advanced metering infrastructure deployments for
commercial and industrial sites. In Energy Sustainability 44816:979-989.

Niyato, D. and Wang, P. 2012. Cooperative transmission for meter data collection in smart grid. IEEE Communications
Magazine 50(4):90-97.

Seon-Jin Lee. 2021. The impact of COVID-19 on the electricity demand of Korea. Korean Energy Economic Review
20(2):183-206.

Seon-Ju An, Gwan-Sik Sim, and Jun-Ho Choe. 2017. Current status of domestic and foreign universities’ microgrids.
KIPE Magazine 22(4):30-35.

Seon-Ju An, Gwan-Sik Sim, Jun-Ho Choe, and Dong-Jun Won. 2016. Current status of foreign universities’
microgrids. KEPCO Journal of Electric Power and Energy 2(1):9-16.



Ryu et al: Collection and Analysis of Electricity Consumption Data in POSTECH Campus 633

Su-1Il Kim. 2021. Changes in electricity demand and generation pattern in Korea during COVID-19 pandemic. Korea
Energy Economics Institute.

Yein Kim, Seeun Lee, and Youngsung Kwon. 2020. Proposal of a step—by-step optimizaed campus power forecast
model using CNN-LSTM deep learning. Journal of the Korean Academia-Industrial cooperation Society
21(10):8-15.

APPENDICE

Libirary-Working days Library-Bays off £4 Working days E4-Days off
i s
] .
P i 7
£ 1
H £
50000 11 000 000000 4240000 800000 4740000 LOBOOSIACSOMION0OT | JO0000 4000000 460000 HOUIOD 03000 4800000 109000 7O0BD0 #0500 00000 10600 1100000 1700000 1100000 L0500 56000, 00000 00 1000000 168600 1290008
Ecirony comnphon fmi ecoey onsumption ¥} Ecrcny comanpton i) By comvmgtin InWi
C5-Working days C3-Days off EsE-Working days £SE-Days off

Freaquency

Frequnncy

kir

oy 0 5000, 4357000, 5T0900 7SIV KGO 5360 OGO TGO 40000 0550 LGSR0 450060 0S40 S0 40003 <0800
Evecricity consumption () Rt oo T1W) Ehectncy conmumpon (mH) Eiectrity consumot
IA+Working days hsDays off APT-Working days APT-Oays off
ns e |
= L]
150
'
25 i §
> | - -
e i £ £
[ E fu Ea
£ | : :
2 s :
[ . 13 o h
!mnnuo 3000006 2290000 200000 0000 0000 YODO0H WEO0RH 300000 1600000 iB00000 2000000 1200000 nanee 200008 ErT) 1100000 Vo000 15 1180004 W00000
ety consueesien (mi) [T ——" [ ———— ki oo

8iv-Days off Bis-Warking days
s
150
s
£ w0
L)
50
1
00
;o) W0 doooor L0k LOGO0D o
Bectncey cansuneton imis Elsctnaty onsumiteon (i)

Appendix 1. Histograms of seven buildings for electricity consumptions on working days and days off
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