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Abstract

This study, the urban energy used office building green roof type composition of the target by analyze building
energy reductions. Green roof is total 6 types(type A~F) were selected, EnergyPlus the energy simulation programs
were used. Top floor of green roof types evaluation, the reduction of the cooling peak load type E(1.26%), type
D(1.30%), type C(1.37%), type B(1.45%), type F(1.49%), and heating peak load is type D(1.32%), type E(1.40%), type
C(1.47%), type F(1.69%), type B(2.13%) order. Annua cooling load of heating load is reduced more than about 1%
effect. The heating load reduction ratio for a maximum of 9% respectively. Cooling peak load of the building energy
performance evaluation of type F > type B > type C > type D > type E in the order and in the case of peak loads
heating type B > type F > type D > type E > type C order. Annual total energy use reduction of 1.07 to 1.22% and
earn, type B in the best good. In primary energy use reductions in the presence of a green roof were in the 4249~4876
kWh/yr. Annual CO, emissions reductions of unapplied type A were analyzed on average 469.78 kg.
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AJ2=E|(Yoon £, 2011; Kim £, 2004), 1145ckelz)
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AEFE TS| flsial= AARFElelal 2181 ol| A
‘ol gk E4lo] Hagt AFociKim 5, 2011).
EnergyPlusE R85t 1S5 ol A&7t Alaeo] A 3
H A5t FYoA+= Parkd} Kim(2009), Yoon %
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offx]ell mAl= FaFell thet $-HFengt Hewage,
2014)0f|A] Z-g-Eh= 5 - LJollA] on] HSH Z=1
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Aes o= SA=si g 2/ ol e =
ofleiA] Hzt AEE H|a-2Al5to] Aof|uR] s S
AlZ GA] 2|29] LAfmttA AT 2E-S QIR 7324}
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251 57l R oR FHEste] T oluAd
78-S AASE Kimz} Yoon(2011) 2] TS 2x3519,
o} S/ A" o] R ARS AR, EYS AlE,
il A2 52 1Esle] 571 typeo &2 R EH 1]z
B type7HA| EZptslo] F 671 typeo = AlE|olde
AABIGITE S/ 3t AIAR RS Auedddes
type B, C, D, EE, #5332 = type F& 47513l
th 2 At AlEgloliell 284 type'd /353t v
285 type A= Z32]E 210 nn, TEA 110 mo] L,
0]] 57j typecl| Al &= e 2= type A9t FUSHA
7gotsict. type B 2= AR + IRSS(PAR
35 T + A B+l type C 2=
APS+EEO| E(70 mm) + F23E + A + A HES,
type D 5= AAS-+EEOI=(115 mm) + F-213E + v
2, type E 77255 AAISHIIARE(8S mn) + HeEfo|E
(30 mm) + F-2I3E + vlj=, type F 13 A+ vt
AFE(300 mm) + HEto]E(30 mm) + 723 + vij4=gho 2
AAsloiciTable 1).
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Trandfer Function)} CFD(Conduction Finite Difference),
HAMT(Combined Heat and Moisture Transfer) 53}
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Table 1. Simulation applied to material properties
S ) Thermal conductivit ecific heat Densit U-vaue
TYPE Division Thickness(mm) (Wit - K) y SF(JJ/kg -K) (kym’;/ (Wit - K)
Concrete 210 17 840 2200
A . . . 0.332
heat insulating material 110 0.04 1400 15
Plant 100 0.3 1000 1000
GB block 100 0.17 840 910
B ) 0.250
Root resistance 2 0.5 1800 980
Insulation Drain Board 50 0.5 1800 980
Plant 100 0.3 1000 1000
Perlite 70 35 1000 2800
C Nonwoven 2 0.06 1360 200 0.281
Volcanic Rocks 80 3.49 840 2880
Sedem block 80 0.59 840 1050
Plant 100 0.84 800 1700
D Perlite 115 35 1000 2800 0287
Nonwoven 2 0.04 1360 160
Drain Board 35 05 1800 980
Plant 100 0.84 800 1700
Granite soil 85 28 1000 2600
E Perlite 30 35 1000 2800 0.284
Nonwoven 2 0.04 1360 160
Drain Board 35 05 1800 980
Plant 100 0.84 800 1700
Granite Soil 300 28 1000 2600
F Perlite 30 35 1000 2800 0.271
Nonwoven 2 0.04 1360 160
Drain Board 35 0.5 1800 980
olant PeritolGrowirig) Granite 508 THKBS Granite soil THK 85 (300)
&8 : : {Poly " Perlite THK30 Perlite THK30
P amencell o~ Volcanic Rocks{Drain) THKB0 Norwoven 60a/n Norwoven 60a/n’'

(GB Ingulation Drain Board(THK 50)
[EPL)

Sedem block (HD-PE) | (THK 3~5mm)

slab
typeC

Drain Board{, THK 2mm) 300" 300"H350 {Drain Board, THK 2mm) THK 35
slab

typeD typeE, F

Fig. 1. Green roof system type of diagram.
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3 AREEY L 3502 shglon], Yk Auxze 2 Agskglon], AR 2,500 m(50 mx 50 m), &
& Vgslolh, A% 9 2oE RS ABLARL WA 7,500 mo® AgeiRlck. 1 35 m, Hra]
AR, WPFLAARE B YT SeAR Al 30%, 2 A% B o Ui epaAY | o] upe} €)7o
Beo| A ATE BASR: o= ofol] gl st o]ujo] 79 FHAS] GURE 7He) 036 Wi

Kom gelol. A87age] H52Ae FaA
Fan-coil unit, Wy7|(Heat Generation)} W=7 |(Chiller)
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E"] Oﬂ _] ] }‘g‘o = T’_J‘\_!O]— ] HO]_O:L &= 3o :H_E- /g;g _‘9:5% %JHO]_ 24°C, H_HO]_ 22°C, ]ﬂ__ﬁo}}—ué}éﬁl% /\]_

Table 2. Set the target building conditions

Number of Floors 3F

Building Area 2,500 m’(50 mx50 m)

Total floor area 7,500 m

Floor Height 35m

Window arearatio 30%

Outer wall U-Vaue 0.36 W/mK

Window U-Value 1.98 W/nr'-K

Window shade factor 0.65

air-conditioning system Fan-coil unit

HVAC Cooling : DOE-2 Centrifuga(COP=1.67), Hesating : Gasfired condensingboile(COP=0.83)
Setting temperature Cooling : 24, Hesting : 22°C
Illumination 400 lux

1llumination load 5W/m* - 100lux

Person occupants 0.11 people/

Heat generation from occupancy 123 W/person

Clothing quantity Winter : 1.0 clo, Summer : 0.5 clo
ventilation 101/s - person

Hot water supply 0.21/m’ - day

Zone

Building Surface Opening
Fig. 2. Analysisthe target building modeling.
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7Fo 2 EF % 400 lux, ZHESF5 W/m*-100 lux,
P41l 0.11 people/my, QAT 123 W/person, &
1%F 10 I/s-person, 2& 0.2 |/m*-day, 71E-9-8 24A|7F
Z AT 8:00~18:00= 7SIt

N X

311 - HHI I s Mysn

AE0] B3l AAZZE MBIAIRE, 315 ol o]
0] Ao} shz Azl cfsAt kg Apslod of
2 3712510 215 AAo) ANk B9t ek oo}
o] ZhRstAze| tsto] Aleh RalARES: i
SHAHo kAL ScK(Park, 2002). E3t 7|7HESHARE
ofgh 1Azt o U 7|tol| AA H= AlZe] Rels
Akrsls oz, HIFE AlEd|olide olgsfof Hrt
geRt ARE oA A] axBlwke At 4= Qlok E3F vl=
ks 3dou 7oA 9 e Bk o=
Adde] wet dAsiAl Hefshs 11 Zdjo] e =9
o] ZFS Asi(Kwon, 2014).

2 Aol AR =] 250 1 ]
IH3=type A 48,180 W, type B 47,480 W, type C
47,520 W, type D 47,550 W, type E 47,570 W, type
F 47460 Wo2 Bajmlo] SARk=sls g9t 44
(type B-F)o] Z-85] 9k 3(type A)Rr} 610~
720 W g dghEhe Ao BAEgon, A7k
type F7} 1.49%= 714 oF5351%1 11 0]9] type B(1.45%),
type C(1.37%), type D(1.30%), type E(1.26%) 52
o) lef v aRske] A-- type A 40,690 W, type

48300 -
48000 A

47700 A

Cooling peak koad (W)

47400 4

47100 -

typeh typeB type C  typeD typeE typeF

e Aeelux] g1t vla A

1441

B 39,820 W, type C 40,090 W, type D 40,150 W,
type E 40,120 W, type F 40,000 W2 EAE]o] 2AR=
312 U243t type A T SA=ElE 283 type
B~Fi= o 540~870 W2 A7fes Halon, Agkes
type B7} 2.13%% 717 F& 515k

Kwon(2014) 0] s{w=s} & 5of] w2 oful 2| 27} 4]
587k Aol Wru| = 5s1e] A2 0.88~1.01%,
il 355} A7Re-0 2 88~3.95%F H 115}3.om,
=0pA 8ol W =) A Ak WRshEC
HSE Aol 9gt Ao Husieir) & ot
oM w]aKs} ARt E T WReE A Akt b
RS A a7 o et Aos JAE] 7)E A
T fARE ARE 2ok E3F Wi a st dat
Y] AR sh= type FollA 2 Atke= BAou,
Wy S5 k= type Bojlx] 2o A Hylok @
Hu]aRste] Zdf ke Hol= FrEol TUsHAl &
< 212 type BojA ©haAo] wof Uiie] & o=
WEHA] Sl Wrkslgo] A A Ak Al
po

312 Szt SRS Mgt

of 5 kel 7 type A 4,685.14 kW, type B
4,636.96 kW, type C 4,619.65 kW, type D 4,616.90
kW, type E 4,619.21 kW, type F 4,622.86 kW= 2.4
E|9ck. oh= S35} v g 32 type A tfju] izt
Y77 Fe] Hat FoF Afe-S 1.03~1.46% <=
oloiek. AL Whsle] Aol type A 1,619.36
kW, type B 1,462.02 kW, type C 1,502.53 kW, type D
1,511.57 kW, type E 1,508.31 kW, type F 1,486.97

40800
40500
40200

35500

Heating peak load (V)

33600

39300

type A typeB typeC typeD typeE typeF

Fig. 4. Top floor heating and cooling peak load.
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3500
3000
2500 mtype A
mtype B
2000
mtype C
mtype D
mtype E
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1500

Heating load (kW)

1000

500

PE—
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Fig. 5. Top floor heating and cooling annual pesk load.

kW32 B4 elo] SApa n]2 8- 6l type A Tt
7 GTRE Boko] W Hsh ARES type B
9.72%= 71 FEsiglon type F(8.18%), type C
(7.21%), type E(6.86%), type D(6.66%) 5] %=0]3}
ok B ofuA] A Tefet ARSShAAT EQlX]
chirhe M 837U UNHERRO] EALS 300 mm o]
o 2AorE o]tk

3.2, 243 Y & 22 HUANSEL

321, W - Lt 3= XZED

SAR=S} 93 AR A UR S HL F P
W) 2510] AZFaIkE BTk & A8 W)=
Hz}0] 70 type A= 141,210 W, type B 139,430 W,
type C 139,500 W, type D 139,550 W, type E 139,570 W,
type F 139,410 W AFHE| it 2AR=3} 218 3o
#g5hx| ok @ HT} oF 1,640~1,800 W] A7e
o Bolowm, SAR=SLeEY 2782 type E(1.16%),
type D(1.18%), type C(1.21%), type B(1.26%), type

141500
141000
140500

140000

Cooling peak load (W)

135500

133000

138500

type A typeB  typeC typel  typeE typeF

F(1.27%) <]t}

W] as1e] 739 m]A-E- 13 ¢ type A= 118,080
Wolglon|, &4=315 2|83t type Bi= 116,940 W,
type C= 117,300 W, type D= 117,370 W, type Ex=
117,330 W, type F= 117,170 Wo| it} n]j&-& tjjH|
SARIE A G FHY PYTaRs AR o
AufjS 283t type B(0.97%)7} 7Hd &8k AL,
0]¢] type F(0.77%), type D(0.60%), type E(0.64%),
type C(0.66%) 9] <=2 & Fadh= 202 s 4 Qi)
2ol vl b 278} Aghao] WA EAEH
RS HFTHE] A EtP el 23t A= (An, 2003)
At |, =0 2/5drE sl del ot FF
o] & Ao & FeE eK(Kima} Yoon, 2010).

322 Azt - HHEs 3 oINS st

ATPERRSEE At S48} v 482l type
A= 92,409 kWh, type B 92,138 kWh, type C 91,847
kWh, type D 91,791 kWh, type E 91,825 kWh, type F

118200
117300
117600 -
117300

117000

Heating peak load (1)

116700 -

116400 -

116100 -

type A typeB  typeC typeD  typeE typeF

Fig. 6. Cooling and heating peak |oad.
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Table 3. Annual heating and cooling loads and energy use
A AC AH HCA AHC ATE
0, 0, 0, 0 0,

Division (Kwh) R(%) (KWh) R(%) (KWHm) R(%) (KWh) R(%) (Kwh) R(%)
type A 92409.80 47300.75 123.56 - 145086.80 - 264205.68

type B 92138.84 0.29 45798.48 3.18 121.99 127 143313.57 1.22 262432.45 0.67
typeC 91847.35 0.61 46279.75 2.16 122.16 113 143503.35 1.09 262622.23 0.60
type D 91791.23 0.67 46373.87 1.96 122.19 111 143541.34 1.07 262660.23 0.58
typeE 91825.47 0.63 46328.01 2.06 122.18 111 143529.72 1.07 262648.60 0.59
type F 91933.71 0.52 46111.84 251 122.09 119 143421.79 115 262540.68 0.63

AC = Annual cooling load, AH = Annual heating load, HCA = Hesating and cooling load per floor area, AHC = Annual heating and
cooling energy use, ATE = Annual total energy use en, R = Reduction

9 933 kWh= _Er_/;-}g.,]ml;]. Q.AH-—_§]- U])H_Q_ EH ] 7—%
831992 7 oF 270~618 kWhe] H7HRS Egag
AZFE-L 0.29~0.67%= o] =E|Qict A7k aH

7% type A 47,300 kWh, type B 45,798 kWh, type C
46,279 KWh, type D 46,373 KWh, type E 46,328 kWh,
type F 46,111 KWh= AP =] Q) T}, & £33} v 4§
type A o] W77 E9t Ak oF 926~1502
kWhol, 27H8-2 1.96~3.18%% Rt} HieHz]
T Y RSREe] 9 SAk=3) u] 48 type A
H] A7heF 1.37~1.57 kWh/m?, A7+ 1.11~1.27%9|
At

XY - Pl RIANEF2] 7 type A= 145,086
kWh, type B 143,313 kWh, type C 143,503 kWh, type
D 143,541 kWh, type E 143,529 kWh, type F 143,421
kWhz 2A4=]9lct. £4=3F n]48- type A ¥
1.07~1.22%9] A7H&-S Ho|u, type BollA] 714 F&
S A7 Bk

16000
14000

12000
ntype A

type B
ntype C
mtype D
ntype E

type F

10000

8000

Cooling load (kW)

6000

4000

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

H

AN Wy
&, 290] o119l 7}4} A7) 5 BE ofix|o] A}
GRS APAE Aulolth. SA4Rs3] u] 282 type A|A]
+= 264,205 kWh, type B 262,432 kWh, type C 262,622
kWh, type D 262,660 KWh, type E 262,648 kWh, type
F 262,540 KWh& o|ZE|gic}, SAR=3} u] 282 type
A ] o|AARETF AReS AT R, type B7L
0.67%= 7 =2 A7eS H1, type F 0.63%,
type C 0.60%, type E 0.59%, type D 0.58%2] <=0]
AUk

A S/ AEelvA] AARsTe] mlAl=
A ARRE 71 AtdaellA, dxk g

ol AFSE! ofui e} 5

]
Jhnat Xﬂﬂ
aF 2~3%(Ki m} Jang, 2007) 2 Lo]—.ﬂ o, 2
AT PbA o] w945t Ak EOI
su Aol glont, Egk4el ol BrKelkl
Q- T v 2851 type BL}F BRAKE 300
w7l A48 type Pl 940t s mon, B

oo =

E'_

mtype A
type B
mtype C
mtype D
mtype E
type F

Heating loac (K4}

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Fig. 7. Annua heating and cooling loads.
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722,000
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721,000

720,000

715,000

type A type B typeC typeD type E typeF

N

ot
Ho

o k)

mtype A type B mtype C mtype D mtype E type F

16000
14000

12.000

10,000
8000
beien ]

.00
2,000
2
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Fig. 8. Green roof type of primary energy use and annua carbon dioxide emissions.

7golA) el 9 Al
Bo| 85 AHgSH 20|

ZXZ 915} type B,
£

3.3. 1XoflX| ARBE ¥

1AoAR] ARG
A, A, 5) = T, ek A
FOHLE ZASEAS] HA| oA A] axHkE
f= xzstele] FrKe 4= Q= 71ke0l
2012). o]t 1xjofufA] ARgRFe] AFgE S1al 2t
T7FAREEH, =7 oA A EE Al oluR|d
O] FE=RY ofUAI7}F AMERE AT IA] Ak,
A A, B, A Ele B RS arefsto] A
gtk 3ol R] AQ=F AREA] 23 o 2|4 Qkol A
7= 275, 7k 11, AP 0.614, Ay
0.9379] EAIE Folo] AiRRIcHLee, 2014). 24
=3 )89l type A= 726,565.62 kWhiyr, type B
721,689.24 kWhyr, type C 722,211.13 KWh/yr, type D
722,315.63 kWhiyr, type E 722,283.65 kWhlyr, type F
721,986.87 kWhlyro 2 EA =9It} 2AHe3} & Foj
W2 HZFERS 4,249~4,876 kWhiyro|m, H7kg-o
0.58~0.67%= of|=x=] itk

A2 WAAR R LAl e
9Jet A 7ol =eRlo] ZAgule] ol el
Hoto] I T Q= AHolck, $-alupet Bt ) Q)
HIE 2] 4PgA] 1996 IPCC 7ol =gRlof| ofAsto] 2Hy
=31 9l.om, 2006 IPCC 7ol =2l A AAJaR= tha
AR oilSlEAy, gk, opilelaAy, AESt
g, VRESIRhS, SEI1%) 6714 SRS R g

2O~

[e)
=

t}. o]F 7|3l 71 2 H|2|= 22 o)4ikst
EHAo]HR(Sin, 2014), £ A ollA= AlEH 1 AS 5
3f| L33 RRaof| W A7k oAl viERRE A
a1}, @7k opkslEke vlste] A9(Fig. 8), SAHsS
n|289] type A= 134,946.49 kely, type B 134,482.41
kely, type C 134,475.93 kely, type D 134,475.02 kgly,
type E 134,478.29 kgly, type F 134,471.90 kgly = 54
wlo] SRS ARl A%t §BE 1|21 the) Bt
469.78 kelyo] 27 Mgl 202 ARl o
2 WHPA7]Q1 8ol 71 =2 o hSlekAs v ERRS
of WU A] A1k 913k tfeksl iego] Qs Ao
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