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A Study on the Supply obligations allotment rate of New Renewable
Energy in Indoor Gymnasiums with the Application of a Daylighting
System

|1||' S ol-* Ol %i** . _7F_OC=>’ %*** . §|-I‘| ol-*****

Park, Yun-Ha=*, Lee, Yong-Ho**, Cho, Young-Hum=+ and Hwang, Jung—-Hax«*¥
(Received 2 April 2015; accepted 15 June 2015)

Abstract : Under the goal of analyzing the compulsory supply share of new renewable energy according to the
application of a daylighting system to indoor gymnasiums, this study conducted analysis of energy consumption
and operation schedule at three indoor gymnasiums in the nation through a survey. The investigator did an Energy
Plus simulation on Building A based on the analysis results and analyzed the supply share of new renewable energy
in the saving effects of lighting energy according to the application of a daylighting system. As a result, When
92 prism daylighting system were installed in the upper ceiling of a stadium, they were able to meet the criteria
for the minimum illumination for official games(Min : 6001x) and optimum illumination for general games and
recreations, thus saving lighting energy during the daytime(09:00~17:00). The resulting saving effects of lighting
energy amounted to 44.4% for official games, 57.6% for general games, and 66.7% for recreations. In addition, the
daylighting systems had a compulsory supply share of new renewable energy at 2.04% for official games, 2.75%
for general games, and 2.62% for recreations, recording an average compulsory supply share of 2.5%.

Key Words : 21 2] Aol Ly ] (New and renewable Energy), #3128 (Daylighting system), =] %4 (Prism
light duct), &35 ¥ % E(Supply obligations allotment rate),Z ™ ol Y A (Illumination energy)
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(Table. 1) Development of daylighting systems in major
countries

Product Features

Applicable to
new and old
buildings
Application of
MICroprocessor
control

Nation

Type

Solar mirror

Austria
system

Heliostat system| Germany

Transmission
of light via the
light guide
Automatic
tracing of the
sun
Structure
control of the
multi-reflective
mirror
Introduction of
visible light
without
infrared light
Introduction of
diffused light
Prevention of
ultraviolet light
introduction
Optical
transmission
via optical fiber

Reflective
mirror

Heliobus system Switzerlan

Natulite system | Japan

Mechatronics

system Japan

Solar tube

) Austria
system

Optical

duct type | Sunpipe system

Sunstar system

Optical

cable type Himawari

)
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QLA a3 524 PEahe AT
& #AsGh o Gel® AFAF Al YA
gol A Bl B o, thuzels
ABAPA = A A 24, A5
)AL ol g3 BlFY YY) BEAY 1
4, % 2A BFY AP 2Y AL 5
g e vhere Ase] ol oiA L gtk

2.2 AR o735 Axd e FFAFAILH

AA AN A A o] Ak o] Akl
71 AT A A A o] F-8hA] =230 =
Z A A (2004.3.29)0] 5 2k o] N &
#2014 549 V1= BB FE A<
AN IA L o] ool ArHAe} HFANFS
AT A ez AFA F7F Atk o]
of whg HFAHFA e Rl 54 2 AR

Z7AE (Table 2)9F 7t}

(Table. 2) Daylighting systems according to the
installation obligation system

Daylighting |~ Optical duct )
system (PRL-1620) Prism (P1)
Lighting
method
(model)

Condensing L -

area
Energy . .
production 1397 kWh/set-yr 94.7 kWh/set-yr
e 1170 1170
factor

2) AelyA] % AR o] & HFHIY
T 2 AR Alsx

3) A-AgAA dnje] A9 Sollad
AL A2014-563)

4) A7 g A] o] A9
481 2 L].g,]oﬂq;q =1) OJ\:ﬂ

gL

A2z A2
T4 AdECEAE
ok 23 A12014-205 A
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(Table. 3) Sports facilities daylighting system Applications
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(Fig. 1) The current construction state of gymnasiums
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AR 2EE 28T AR AANUA Tl BEEd #3 A7/ uhEet

AAAGAE AFALL (Fig. DI 2ol o wheh AR5l it
20008 o] % 5 58170 ] AlA o] Ayl oH,
o] 7h&d FHIFHIF FHHEYS 47TTHE (Table. 4) The input conditions of Energy Plus

82062 A3t 1, YHEL 1047] 2 18% 2 simulation

FEFYS TR oo ®E A=W g &
st Ao 2 AFEH I 9Tt
_ - Building area 817855
ofe] thEA {2 AREHIL Qe 10432 Total floor —
TR oldel AUAISE 7hd ®E Al Area (m) ared i
. . One basement,
AFEetY AU E Hol= 3X(S-AHF, K- Total number | eight ondthe
- - . 6 groun
x4 ;ﬁ., A-9tE)e] AAAGA ANA SIS Structure heat Walls 047
gom AEdold dYxa BEL sk L | Glass 27
A A7 A A7) -E Aol de wE & Internal heat Human bodies 05
- generation amount Lighting 20
QrAZH ANNIANEFS APTEL W S >
23 AEZALES A A8 Preset temperature Cooling 2%
(C) Heating 18

32 NEHA 4=

B Ho| = Energy Plus ver 81 5& © .
g5ko] 330 AW AT APASH The S T
g (AAWASTHS o2 (Table 4)9F 2
o ATz Yred Wby Az

=
& A&k =9, (Table 5)9] &34

a) Elevation

—

Ringl

_®

(MT1500 B/BH)ell 3871, 2+ (MT1000 B/BH)
o 10470 & 3% 202709 =¥ 7| F+7F A X
Tlo] (Table 5)¢F Zo] $dulAd A= (Fig. 2) Lighting in the target building layout
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(Table. 5) Lighting patterns of lighting fixtures by the MEZAIS £33ty =53 giddE Ay
operaton swes Aged FAA7 G QU] LFAAE
. MT1500 [MT100[ MF400 _
Type of lighting fixture | "ppp” Fppy 1o/ |0t & (Table 6)3F o] A7 25~42U 2
D-C - - ) 3
Offial | Mid { - ———— 50 349 A=7b $9H T don, F4471311
f{gmels] Ring 1 20 18 | A2 Aol At 71(239)e] AFEH & 1:290 A
| Rine2 L 52 |52 o & vehyth #3, gaz ool &g
ool - T - T
Oper |General | Mid - ===H—— m—— E< (Table 7)3} zEo] gr-nj =rlE -l 5
ation | games == 130 _ _
sye| [Cos) | Rie L [ = 18 [ - Aoz 5o Uopd AKRE BHow
‘ Ring 2 - 5 | - # -
-0 - - 10 F7F Hyt 3490 A} g HI Y= Aor %
Mid |=—
Reereat| VAT m - [ - | - AbE] 9 o
ion - 110
[Cnie{%] ng 1 — 18 _
‘ Ring 2 - 5 | -

(Table. 6) Indoor Gymnasium by official game schedule and general economic use (by 2014)

Division Indoor Stadium official and general game using Schedule Average
S K A
(Vt;:éi%aglgyj \l\gfzglt{}eﬂr?a / using day |using time | using day |using time| using day |using time| using day | using time
Holidays) (day) (hour) (day) (hour) (day) (hour) (day) (hour)
31 4 Dh 16 0 Dh 0 1 Dh 8 2 Dh 8
Januarty o0 WD [ Nn 10| 000 [ Na 0 | @0l | Nn o | aom | Na |3
February 28 5 Dh @ 40 2 Dh 16 4 Dh 24 4 Dh 27
(20/8/0) (4/1/0) Nh O (1/1/0) Nh i O (2/2/0) Nh 5 (2/2/0) Nh 2
March 31 1 Dh 8 3 Dh 16 3 Dh @ 24 2 Dh 16
(21/10/0) 0/0/1) Nh O (1/1/3) Nh @ 5 (2/1/0) Nh 0 1/0/1) Nh
. 30 5 Dh @ 32 0 Dh 0 3 Dh 8 3 Dh 13
Al o) | w0 [N 5 | 0000 | Nn 0| 0800 | Nn 10| (120 | b
May 31 4 Dh 32 4 Dh 16 6 Dh = 30 5 Dh
(20/9/2) 1/3/1) Nh @ 0 (0/2/2) Nh 10 (2/1/3) Nh @ 5 1/2/2) Nh 5
30 8 Dh @ 48 3 Dh 24 5 Dh @ 40 5 Dh 37
June @) | ®20 |Na 10| G000 | Nn 0 | W | Na 0| @10 | Nn | 3
July 31 0 Dh O 1 Dh @ 8 0 Dh O 0 Dh 3
(23/8/0) 0/0/0) Nh 0 (1/0/0) Nh O 0/0/0) Nh O (0/0/0) Nh 0
August 31 1 Dh 8 2 Dh @ 16 5 Dh 24 3 Dh 3
(20/10/1) 1/0/0) Nh O (2/0/0) Nh O (2/3/0) Nh 10 (2/1/0) Nh 3
September 30 3 Dh 24 6 Dh 32 9 Dh @ 48 6 Dh 3H
(20/8/2) (2/1/0) Nh @ O (4/2/0) Nh @ 10 (6/2/1) Nh @ 15 (4/2/0) Nh 8
October 31 2 Dh 8 2 Dh 16 6 Dh @ 40 3 Dh 21
(21/8/2) (1/1/0) | Nh 5 0/20) | Nh 0 (2/3/1) | Nh 5 (1/2/0) Nh 3
Novernber 30 1 Dh @ 8 0 Dh 0 0 Dh O 0 Dh 3
(20/10/0) 1/0/0) Nh O (0/0/0) Nh i O (0/0/0) Nh O (0/0/0) Nh 0
Decemmber 31 0 Dh 0 2 Dh 8 1 Dh 8 1 Dh 5
(22/8/1) (0/0/0) Nh O (1/1/0) Nh @ 5 (0/1/0) Nh @ 0 (0/1/0) Nh 2
Total 34 Dh | 224 25 Dh | 152 42 Dh | 24 34 Dh | 197
(18/13/4) | Nh . 30 (13/95) | Nh = 25 | (21/17/5) | Nh = 50 17/12/4) Nh 36

# Daytime Using(Dh): 09:00 ~ 17:00 (8h), Nighttime Using(Nh): 17:00 ~ 22:00 (5h), The amount of the official game and general game 1:2

32 e Yol x| eta] =53 Vol. 35, No. 3, 2015
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(Table. 7) Recreational use indoor gymnasium schedule (by 2014)

Recreational use indoor gym schedule

Division S K A Total
Type using time Type using time Type using time Type |using time(hour)
Weekdays  mon—fri Weekdays : mon—fii Weekdays  mon—fri ‘Weekdays | mon—fri
A | Badminton| Nght 2 |Badminton| Night 3 |Badminton| Night 2 |Badminton| Night 3
19:00~21:00 19:00~22:00 19:00~22:00 14:00~22:00
T Weekdays  mon—fri T Weekdays | mon—fri - - T Weekdays | mon-fii
B | b | Datime 2 e | Davtime 3 - - ~ | teia | Davtime |3
14:00~16:00 14:00~17.00 - 14:00~17:00
Exer Weekend | sat Weekend | sat.sun Weekdays | sat Weekend | sat
cise | C | Volleyball | Daytime 4 Volleyball | Daytime 3 Volleybell | Daytime 3 | Volleyball| Daytime 3
Type 1300~17:00 14:00~17:00 14:00~17:00 14:00~17:00
Weekend — sat Weekend . sun Weekend | sun
D | Rotwear | Daytime | 4 - - | Bl | Daime 3| PR PR T3
1300~17.00 - 14:00~17:00 14:00~17:00
- - Weekdays  mon—fri Weekdays | mon—fri
E - - - - R - Dance | Daytire = 2 | Dace | Daytime | 2
- - 10:00~12:00 1000~1200

4.1 AUNASEY d|YAAEF B4

AUHASFHY AYAAEZF FA ol A
Alggolde] AEEE Hrtstr] 9138 A4
W o] shupel MBE(Mean Bias Error)®H 3
H 5 A5 21(Cv(RMSE) Coefficient of Variation
of Root Mean Square Error)& AF-&3Fo] 2]
(D)~ B3t AExAF dUAALEH 2
Ak AlEE ol A AU A AS- T A ko] w
WE Este] Algdo]AY A EE At
o} 78)

7) ASHRAE's GUIDELINE 14, for Measurment of energy
and demand saving : How to determine what was really
saved by the retrofit, energy Systems Laboratory,
Texas A&M University, 2005

Jung, Y.J, Jo, JH, Kim Y.S, Cho Y.H, A Study on the
Geothermal Heat Pump System Performance Analysis
according to Water Flow Rate Control of the Geothermal
Water Circulation Pump, Jounal of the Korean Solar
Energy Society, Vol.34, Nob6, ppl03-109, 2014.

8

<z

Journal of the Korean Solar Energy Society Vol. 35, No.

= (S—n, .
MBE(%) = =Leried Interval 00
ZPE?(Od Interval

US=M)7er
RMSEPcriod = ﬁ
nterva
SE Yerio
q(SEPerind) = 1\;[ - =100

avg
* Sherval © Al EH O] AU AALE-ZF A7k (kwh)
© Minterval © A& 2AL AR ANE-ZF A3k (kwh)
* Nierval - A Bo]E 9] F 75

© May @ AA ZUHE o]y F

(Table. 8) Acceptable Calibration Tolerances

Calibration Acceptable
Type Index Value
MBEmonth 5%
Monthly 0 RN SEmonth) 15%

AE QAAEE] 201493 7% A A
S WA ALE S (Fig. 3)2 o] A A&
(S)e] 7%, 382,713kwh, (K)+= 402,713kwho]
], (A)E 431213kwho & AL St} (Fig.
o oz AuAlSae Hit 2AE

A&k AEALE o] AlEg ol ghola,

A

o
=
Ae A o ze dERAE B8 42 4 A

3, 2015 33



NAGH M) 2AZS AgT A4 LA}
ol 7 TUEE e AR W5E e
BE 72 AHE Ag 4 - A

e 411,426kwh2 919] 2] (1)~ (3)°l w}E‘r
AL AU AAEF gh 3 AlE o)A oL A
AHE R ghS vl A3 AlEYeld A3 #ft
2 A F2AF A3 ghe] 955%0]lH, MBE =

-3.8%, Cv(RMSE) = 121%Z (Table 8)9]
MBE(Acceptable Value : 5%)2} Cv(Acceptable
Value : 15%) 2.2+ ®I91 & BlojuA] &of Al&E
dojdel AFEsE R Ao ek,

B omFola ARG ARE F 370w,
AANA KL A9d DB AuA D
o] oA AL AR T} AL RS 1] 9] ol

ATk AA F7 HE A5 (A)AWA ST

Electricity consumption {Kwh)

4 5 6 7 8 L)
Use period {Month)

(Fig. 3) Monthly energy consumption of buildings
surveyed(2014)

(Fig. 4= Algeoldel we (Addaee

el o UAARE S e A0 R Fof i
YA AFE T 411,426kwh 7Fs-d] A& 5sto] A}

54

435 A FL 57,864kwh Folu]
AV&2E] 14%0l sfFE ™, AHRSE oL = AL
& hed x297)Tel @ duAAEHe
19,674kwh& 34% S x}A| e} Ao & LEpytt)

450,000 411,426

400,000
350,000
300,000
250,000
200,000 (32%)

150,000 132,857

(24%)

100,000
" (2%) 57,864

Energy consumption(kWh)

50,000

o |

Cooling Heating  WaterHeating  Electric Total

(Fig. 4) Energy consumption per load to the target building

LN
o mE 4 XA

(¢} = o
AEES YER Aoz 27 7] (Case-1)9]
AS, AA =9 oy A AR =S 18,866kwho]

] Aut7 7] (Case-2)= 19,674kwh, @ =2l
o] A (Case-3)< 16205kwhz Z9H 7|+ %5
A=7F 110719 " gl ool Aol 744 2o
o W AUA7F AH&H W A2l
7} 130711 d¥bAE 7] =
2173719 2wl HAR

g 20270 AREHE =W ol AARE
o % oA} A EH ST oo mE -9

H F2A 7)o ARk 7o) 2 o YA AL
© 69(3,369kwh)©] ZFol7} wAIES

Ml
B

%E
v}

Hol—l

A
2]
&%

B0ffical Game[Case-1] D General Game[Case-2] O Recrestion]Case-3]

llumination energy consumption(kwh)

Use period(Month)

(Fig. 5) Monthly illumination energy consumption by
lighting pattern according to the operations
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A28

1S A8 ARASES AAeIA ol EeEd #3 A7/ 2E5) 9

42 AWAEEY) ZEEFE FH
(Table 2)°] ] o] 4-8pA| o] wp2 3 A
FA =" AAT7ES (Table 3)9 73404

AYAGA 29 (Fig. 6)3 2ol 142
A malg =93, 27 11E 9

Bl A
= o] I r]FAE FA S| (Table.10)3} 7
Zyz} o

A%AE Heatel 24 A0 o o o) Zze] gae] Wi AzE A gt
)2}74 Eoﬂ 3T a =(P1) H]—}\] ,] =] JJ—ZH .d—/\] Z:‘%j
S (Table 9)9F 7o) A& AR FLxE9] 3 (Table. 10) Condition of the energy plus applied to the
- - daylighting system
g wste] 274 AR-165% 15 B yIomng
A AR-(32%) F 2% VA G- (4479 Construction
& 927 A AR =L 1~39% A &3 TDD TDD IDD
A Pipe Dome Diffuser
M Diameter(m) 11 1 1
o ) ) Total 9 _ _
(Table. 9) Daylighting system installation and places Length(m)
.. Illuminance Very High Clear Diffusing
DSt prigm method | SYS™™ | measurement Outside Layer | Reflectivity | Acrylic | Acrylic
gr location Surface Plastic Plastic
| Stadum | 87
aa_yhg o O
e o (Table. 12)& &3 tFAe] A8 =1L
. auditorrum
Ploes| 25 UERA AL, (Table.13) Tho] o] A7
auditorium © 24% Yl Atk 58, sojz nre
EH FFe| olFTEEN FAI 4TS st
o, Aol WALES B Fol 71E A%
iﬂ% 19 22 295 ¥ 5 dA At
5
N (Table. 11} The material conditions of the collector(Dome)
and diffuser
‘WindowMaterial:Glazing
Clear Diffusing
Acrylic Acrylic
vAg Plastic Plastic
<d =
254 -
% Thickness {m} 0.003 0.0022
Exterior Roof Dome
Solar Transmittance at
P'pej Transition zone ,—|I£iameter im Normal Incidence 0.92 090
| Diffuser \ Front Side Solar
Pipe Reflectance at Normal 0.05 0.08
Diffuser ) Incidence
Back Side Solar
Reflectance at Normal 0.05 0.08
Daylight zone Incidence
(Fig. 6) The concept of a cylindrical daylighting system Visible Transmittance 0.92 0.90
: at Normal Incidence
applied to the energy plus

Journal of the Korean Solar Energy Society Vol. 35, No. 3, 2015 35



(2] Aol AS) =2

(Table. 12) Pipe material conditions of the role that
reflects at daylighting system

Very High Reflectivity Surface

Roughness Smooth
Conductivity {W/m-K} 0.1
Density {kg/m3} 237
Specific Heat {J/kg-K} 2702
Thermal Absorptance 0.90
Solar Absorptance 0.05
Visible Absorptance 0.05

(Table. 13) Daylighting system installation alternatives

. 1Row 2Row 3Row
Division
Alt-1 | Alt-2 | Alt-3 | Alt-4 | Alt-5 | Alt-6 | Alt-7
Stadium | 16 - - 16 16 - 16
1F
auditoduml 32 - 32 - 32 32
2F _ _ _
auditorium| 4 4 “ “
Total 16 32 44 48 60 76 52

(Table. 14) Proper illumination indoor gym activities by

typelIx]
Exercise Illuminance . .
Type Classification Min Mid Max
Badmi Off‘“al 8amme| py )| 600(30) | 1000(40)| 1500(60)
A | nton bleachers)

(B)| (Table|General game| G 300 400 600
tennis) F| 150 | 200 | 300
Handb official game| G 300 400 600
F
E

Recreation

all( |General game 150 200 300

Footw . _
ear) | Recreation 60 100 150
Volley| Official 8ame 1115,/ 650(30) | 1000(40) | 1500(60)
ball (bleachers)

D

Basket| General game| F 150 200 300
ball | Recreation | E 60 100 150

. official game
Gymn | (hleachers) H(D)| 600(30) | 1000(40)| 1500(60)

General game| G 300 400 600

Recreation F 150 200 300
% D-Simple for a while working, E-Infrequent working F-High
luminance operations against large objects or targets, G-Half
luminance contrast of small objects or work destination H-Low
luminance contrast of very small objects or working destination

E | astics
Dance
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(Table 13) F 343 =8 Z 2§t
Alt-1~7& vepH, 2t A&k +3d4
25 A= A7 vigd gage] Eo
08m)E 7lFo=z dF 2EE JF=sda,
(Table 14)ol AWA&#e] 53 A
X5 V|EoR A s

7k ok dAAHQ 2=l (Fig. 73 2

4L 2= H2A A

o] 201.7~842.8Ix & R 4=
J

Hof| 4458 19z A Alt-3 ol 201.71x &
7

=
ANEH 15 2 23 dEA 45 1w

HdAZA=ds AstdE 45+ Alt-1
Alt-2 > Alt-3¢ o2 JFA)ge] A=

8428

641.2

201.7

=

[Al-2] [AR-3] [Alt-4] [Al-5] [Alt-6] [AR-7]
1Row 2 Row 3 Row

Illuminance (lx)

[At-1

(Fig. 7) Daylighting system by installing alternative
illumination[ 1 ]

uebA, 2 gz 45, HFAFAA
& Alt-73 2ol A7 Aok 15 dEA

9) AVeF FHH 22N J)F  PIEEEY

http://www.kats.go.kr/KSC 3706 715
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(Fig. 9) Lighting energy savings and supply obligations
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