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SUMMARY

Responding to the climate crisis requires changes in energy supply
infrastructure around the world, and the introduction of a new greenhouse gas
reduction system is an essential element of this global trend. Conversely, in Jeju,
where the penetration ratio of renewable energy generation is the highest in the
South Korea, a paradoxical phenomenon is occurring that the curtailment of
generated renewable electric energy is increasing. The revitalization of various
development projects and tourism industries in Jeju is increasing the number of
large buildings.

In this thesis, as the aspect of a consumer self-using electric energy generated
and not selling it, a procedure analyzing the operation data of self-consumption
photovoltaic(PV) systems was proposed and some analyzed results of a few PV
systems presented. The 4 rooftop PV systems in the Jeju Science Park were
chosen as study objects. 2021 year annual electric energy generated by the 4 PV
systems of the 3 building rooftop PV systems was 352,356 kWh, and the saving
amount of electricity bill was 40,289,767 won. The time-of-use electricity fee
system is chosen in Korea and the rule in only Jeju Island was revised from
Sep. 1 2021 due to special consumption pattern of electric energy in Jeju. The
effect of rule change in Jeju on economy of self-consumption PV system was
analyzed, and it was proved to take disadvantage on the economy. The annual
capacity factor was about 9.8% of the Elite building’s rooftop photovoltaic
system, which is the most aging and has a horizontal inclination angle, while the
rest of the buildings had an annual average capacity factor of 14%. Although
peak time of electric energy consumption varies depending on the purpose of use
of the building, it is expected, through the results of the high capacity factor of
the PV systems during the peak time, that there will be some room for lowering
the peak demand of electric energy consumption. The reduced greenhouse gas

emissions over a year was about 161.9 tonCO,eq.
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Fig. 2 Basic structure and operating principles of solar cells [13]
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Table 3 Classification of season and time of use [21]
AAE = B.71&3 <=3
Al (69 ~84) (39 ~54, 9¥€~10¢) | (11¥€~9d 2¢)
74 -3k A 2] 23:00~09:00 23:00~09:00 23:00~09:00
09:00~10:00 09:00~10:00 09:00~10:00
S AH-SEA 12:00~13:00 12:00~13:00 12:00~17:00
17:00~23:00 17:00~23:00 20:00~22:00
10:00~12:00
: 10:00~12:00 10:00~12:00
FH o F-F A 7 . . ) ) 17:00~20:00
13:00~17:00 13:00~17:00 99:00 ~23:00
Table 4 Application of differential electric energy tariff [21]
Adw A7gE s oo *&‘?% (OZ})H, AR E(E), dirEGGhH I, dHHE(S),
58 (L)
ALY AT 8 F AL T, durE(Eh I, AS5E (7)), A ()
oJ7]o] AFERAAEZS AS 20219 9¢ 1dFH A A7HdE L &7+
S Aol A FdeA ME= st A&3tA HAth Table 5+ 1 Fi7|+<
HolFa Qo

Table 5 Season and time-of-use change in Jeju area(’21.9.1 enforcement) [21]
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gk B Ao A= Bt AlagoA] AgikE A= EREE AA o2 A
SIS AS A dAEFe gl AEw 87 A7 ARE /AL B S
sk o
Table 7 Energy charge by season, time-of-use and contract type
JTTE— AGE(S) AFA A9 1
7 AuE(S) ThA A I
1~29 39 ~5¢ 64 ~8¢ 99 ~108" | 119~12¢
s 23:00~09:00 | 23:00~09:00 | 23:00~09:00 | 22:00~08:00 | 22:00~08:00
T (68.60) (61.60) (61.60) (61.60) (68.60)
09:00~10:00 | 09:00~10:00 | 09:00~10:00
=713 12:00~17:00 | 12:00~13:00 | 12:00~13:00 | 08:00~16:00 | 08:00~16:00
v 20:00~22:00 | 17:00~23:00 | 17:00~23:00 (84.10) (114.70)
(114.70) (84.10) (114.50)
10:00~12:00 | . . o,
= | 17:00~20:00 10:()0 12:()0 10:()0 12:()0 16:00~22:00 | 16:00~22:00
] o] 53} . ) 13:00~17:00 | 13:00~17:00
22:00~23:00 (114.80) (196.60) (114.80) (172.20)
(172.20) ' '
Al ol g Auke (L) TYA AP
1~2¢ 39 ~54 69 ~8¢ 9¥~10¢Y | 11¥~12¢
PR 23:00~09:00 | 23:00~09:00 | 23:00~09:00 | 22:00~08:00 | 22:00~08:00
°r (63.10) (56.10) (56.10) (56.10) (63.10)
09:00~10:00 | 09:00~10:00 | 09:00~10:00
=na 12:00~17:00 | 12:00~13:00 | 12:00~13:00 | 08:00~16:00 | 08:00~16:00
e 20:00~22:00 | 17:00~23:00 | 17:00~23:00 (78.60) (109.20)
(109.20) (78.60) (109.00)
10:00~12:00 | , VNN
oo = | 17:00~20:00 IO:OO 12200 IO:OO 12200 16:00~22:00 | 16:00~22:00
2| o] §-3} . ) 13:00~17:00 | 13:00~17:00
22:00~23:00 (109.30) (191.10) (109.30) (166.70)
(166.70) ' '
D 21d 9¢€ 14958 F31d Ad F271F W74 (Unit ©: WON/KkWh)

B4 o] &3t A& APl sF 7l Fobd A F3 A () 2ol
AAbst 4= Qi) zZF el A7) A wke] 1 Az e] A7) F ©rE #JE 2
(9ol A e} Zo] HA7|aw ARATCLAT)S AL & o T A3 AV|e
AAELAF)LS 2 1008 53 +& 4 A



(8)
9)
(10)

ot

ot

o] 99 197 AFAY ¥

mt

w

mt
=

ZGft + ZGmt + EGM [kWh]

7t
St

ZGﬂ ° Bft+EGmt ° Bmt+ZGot ° Bot [.%]_]

19 HHAFKWhIe 2 G, G6,,,G, ©

A #Z[kWh]o] o},

-

L
GTlday

Table 7oA YElY

BE AT ol i A} A

Rcday

-

R

(8)9/] GTld(zy
EEEE R
2021 ol

Al
a

il

]

o[Elote] AMtow Hra

°
Np

N
g

hat

il

th olol %A AlFe] AokE

AL A}

-

el

=

’

Bl
A A4 W

1

;AE

Aol A A
Bl g Al 2 g ol A 9

0] =
AT

bol 7t

A of] A

9 A3 24 Az

[e]

2" &
7187

=

=

oA Az 4

3.5 A7F2HE B BT A
W 344 (A7 4]

A
&y



o,

d| o] & (EH

4 (3 ~ (5) 3
Hl o] & (EH

46) ~ (9 A&

)
)

kel
=

Fig. 63} #o] Qaof

LA A])

ajat
o

3T
=

5}9)

#3

(

dlol 8 (MWheH4])

q

gy, A7
2(10) &

1

=

=

o
M oo
) R o
B A A#T
= T
w4
K oo W
70 _. ZT_
® =
oA o
2o
==
= B o) mo =

x o <
L
o N
o oor
~ o
W AR e
N T A
o Ny o

ar
[6}
A2
%

(RN o MR RVRPTR)

A3

}

R4

T OOMOTRS o

R}
SRR K|

9

RR NrE! T

WE oo NrE T

R NrES ZRET

of o

o

bil o] Aol whet 4ol 7t
_ 19 _

ol A ] H

°

=

=

2} 7} 2= 1] =}

1
T

Fig. 63} Lol A|A]

=

=

Fig. 6 Procedure of analysis method of self-consumption PV system
!

-l A
3=

e

L
=3
=]



4. At @

41 g3 Ed Alad 7T Ad R AANET

411 BFZLTA ANage AANA A 743 A9

ATYF APol AAF AFPAARYEAAE AF BYTRY AAE
A W Ay BASE HHow 2004d 109 FAGYEA AT A 9

AbAT A A1, 2006 124 we] 7] AE S FQlwtel 20109 6 9AE F
FaAh Fig. 7€ AFTAAFEANLTAL} 29 £ AFPABLs 5w
o]

A zvtewy, Ay, dugude $4 BgR waAse w

=

a

Fig. 7 PV systems on the roofs of three buildings in the Jeju Science Park
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Fig. 8 Location of the Jeju Science Park [23]
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Fig. 9 Location of the three PV systems [23]
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F2pH] 8- Table 83 #Th.

Table 8 Summary on the buildings and specifications of the PV systems

T8 snhENY AejEwy A o
A = AIEZAYE Fx AIEZAYE Fx AIZAYE &
=T BIF ~ 5F B2F ~ b5F B1F ~ 5F
il 28311.3 m' 19873.8 m’ 22634.3 m'
WEATAA /
=q AB A / AAFA] A o I A A =
PVAH] & & '15kW 45kW, 30kW 140k W
- 45kW @ 20109 &=
AR A= 201541 &= S0LW 2021@2 2020 =
. A5
45kW : No Data
2] & 183(ui ek <) 354(W R 21)
T gl . =
R 30kW: 920wk <€) o
EEIEE BE $4 4 A% 4
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T | e
1548, 18 375K {] 4 0C 2000 OC 1000V
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BRHI 22 7 b l ©1 d
(15803, 1581 3.75KH) I ¥ = —— nJ i (\o 70 & H8A
(1000v,154) (1000v,354) p T — |~
3P 2504 /2000 | = |
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BYEY 2002
(150, 182 3.75%) —= »
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Fig. 10 Configuration of the Smart Building 75kW PV system
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Table 10 Specification of the inverters
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Table 11+ 184 AlF 71743854 A Aol A9 2010 ~2021% 717 dlolHE
Ho]F31 Qt}h Table 122 AFW/de $1A9F 7H7he A @A 717435(9)
T 13344, AE 112656, ik 377m) A @A 7|4 HolEHE HolFa
A}

Table 11 Meteorological data by year at Jeju automated synoptic observing

system
EFEARNE 184 AF 73RS
A= Bt 7]2(C) Al A Z A7 hr) A AAFFEM]/m')
2011 15.6 1720.0 5053.8
2012 15.7 1693.4 4760.7
2013 16.5 1990.2 4963.4
2014 16.2 1755.5 4695.7
2015 16.7 1826.6 4861.2
2016 17.0 17184 47434
2017 16.8 1981.3 5193.9
2018 16.6 1939.7 5045.3
2019 16.8 1909.9 5007.0
2020 16.7 1890.3 5004.4
2021 175 1965.3 5080.2

Table 12 Meteorological data by year at Sanchendan automatic weather

station
EFAHAS 329 AHHd B=4
A= Ht 7] (1) #H171(TC) HA71&(TC)
2011 12.6 33.7 -7.0
2012 12.1 32.9 -7.0
2013 13.0 34.6 -8.6
2014 12.7 32.1 -6.0
2015 13.1 34.6 -5.8
2016 13.6 32.4 -95
2017 13.2 34.1 -5.1
2018 13.1 325 -7.8
2019 13.2 32.1 -45
2020 13.2 33.6 -54
2021 13.9 31.8 -6.7
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Table 13 2021 Monthly meteorological data at Jeju automated synoptic

observing system

xTA 431& 184 AT 71 4#ZFA
20219 ¥ Bi7] (T A dZEAZHhr) A AFFM]/m')
1¢ 6.8 96.5 2164
24 9.4 141.2 311.1
34 12.5 177.0 453.6
44 154 216.7 589.3
54 19.0 231.5 645.5
64 23.4 200.1 604.9
74 27.8 1715 551.1
3¢ 27.3 1705 500.5
9¢ 24.9 129.3 368.5
104 20.1 193.9 398.9
11¢ 14.0 151.2 273.2
12¢ 39 859 167.0
6000 250
5000
§E 4000
_ﬁg
;ru 3000

rg 2000

100.0

00

Fig. 11 Comparison of the average amount of solar radiation of the Elite

Building with the hours of daylight at the 184 Standard Weather Observatory
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Az e 00 I 01 | 02 | 03 ‘ 04 | 05 ’ 06 [ 07 | 08 ‘ 09
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Fig. 14 Comparison of season & time-of-use energy rates during a day

before and after rate revision
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Table 16 Annual capacity factor
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Table 19 CO, reduction by year
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Table 20 CO; reduction effect of generation amount of by year
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