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Analysis of Building Energy Reduction Effect based on the Green Wall Planting Foundation

Type Using a Simulation Program™

Jeong-Ho Kim’, Ki-Uk Kwon’, Yong-Han Yoon®™
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ABSTRACT

This study is aimed to analyze the reduction performance of building energy consumption according to
planting base types of panel-type green walls which can be applied to existing buildings. The performance was
compared to the general performance of green walls that have demonstrated effects of improving the thermal
environment and reducing building energy consumption in urban areas. The number of planting base types was
4 in total, and simulations were conducted to analyze the thermal conductivity, thermal transmittance, and
overall building energy consumption rate of each planting base type. The highest thermal conductivity by the
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planting base type was Case C (0.053W/mK), followed by Case B (0.1W/mK) and Case D (0.17W/mK).
According to the results of energy simulation, the most significant reduction of cooling peak load per unit area
was Case C (1.19%), followed by Case B (1.14%) and Case D (1.01%) when compared to Case A to which green
wall was not applied; and the most significant reduction of heating peak load per unit area was estimated to be
Case C (2.38%), followed by Case B (1.82%) and case D (1.50%) when compared to Case A. The amount of
yearly cooling and heating energy use per unit area showed 3.04~3.22% of reduction rate. The amount of the

Ist energy use showed 5,844 kWh/yr of decrease on average for other types when compared to Case A. The

amount of yearly CO, emission showed 996kg of decrease on average when compared to Case A to which the

green wall was not applied. According to the results of energy performance evaluation by planting location,

the most efficient energy performance was eastward followed by westward, southward and northward.

According to the results of energy performance evaluation by planting location by green wall ratio, it was found

that as the ratio of green wall increased, the energy performance displayed better results, showing approx.

double reduction rate in energy consumption at 100% of green wall ratio than the reduction rate at 20% to 80%

of green wall ratio.

KEY WORDS: THERMAL CONDUCTIVITY, THERMAL TRANSMITTANCE, ENERGY PLUS, ENERGY

SIMULATION

ME

2T SA4T ZASRe Abste o

S

ES
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32X A F EAIEAEALY dlere o
ZERO EX 1&o Wle} FAYE o8
TFEEY WU @ AES €& SA5
S4E olYAE HAl 7] o2 &5t
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AR A B2 oS AL lon AA dxolAe
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Ao & o oy v AR 9% =¥ HEA I8
g Aol 53] FouA A F oF 30%2] w2 oAl
&HE AR AFEoMY oAvA v A 44
o2 sjgsfor & HAYL Aolth(Jung ef al, 2010). ¥ =5
Ste dSEoly 7NAE =Y {22 A3 Ate] o
I ARE ol83te] AA7|HE 243t Aee AT
= A2 2 A (Huh and Shim, 2000), =A oA &2 ]7}<}
FE5T 54 30 59 2AE 304U SHAN A=
o A= HHg o] &3tths oA =AM aezel
&4k BEIt 7t v 7HA| Al 9lek(Kim and Huh,

2003; Park et al, 2010).
Hrssio] artel A, 429 493 o2 Ay

F e, =4, I AAE 7T o oF 30%9 oy A
7t AR EY, A5E FHY BAGS AAaAA ZA7]59
2AY =g & 4 e Bu ofyet AHgn| e Ao e
EREH A&5E 39S B3 5 AEY WY Y A E
ol 5 94 27 55 AR fUTe RN =4 AHA
£ HS, T27E 5o HHH 2529 HHs=E A
4 5oz 298 4 QItk(Kim, 2009). E3H, A4 7|9k
ARG Aol 4] FUAAEL Fole] T Lmo}
A& 7FAA 7] H(Wong 1, 2003; Saiz et al., 2006;

(Jim and He, 2010).
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(Park et al., 2007; Kim, 2012), A/ EY A A€ (Koo ef al.,
2007; Lee et al, 2012; Yoon et al., 2013), o] 1] A| A
(Chung et al., 2010; Kang ef al., 2010; Lee et al., 2010)
S ookt A7t o] FolA = whd, Sy 2AEofo A=
AFE53o] o3t 2=AZ o] e A+ (Seok et al,
2008; Han and Yoon, 2010)E %3} =3} §5-Fof w2
598 FYshA, 58 o) thE e B9
9 1LE(Kim, 2009; Kim and Yoon, 2010; Yeo et al,
2010)0] A= oH, AEE=x3t 48 A2doldS &
gt oy A Aol et dE(Seok er al, 2008; Kim,
2009; Kim and Yoon, 2011)0] ¥ A3 1 Q= AlAo]
o E3 Aoy M AFEo| i a3 ol
e 2 A Qa7 AE U Ao vl

%
©
>
i)

ol

=9 oYR|AFEof gt vw H-E(Kim and Park, 2010;
Suh and Park, 2012; Lee ef al, 2013)E E£35lo] AA A&
A A ARG F I} AlE ol Aupgho] FAfstthal K a1st
qom, AlEyold ZEI1W7HS H]w(Choi and Yun,
2015 &oto] 227 FARE djel& Ko, 7|7t
wate] A4 ARE AHT + USS AASAL Tef
AR 9] A Eofof A= ol2lgt A& oAy A Aol tigt &
FolE 2peln Hunst 24X Azl i BAAs
aPskA oFar AASHL Qe Aol

e B ARE A RAEA FES I /1%
S50 A8 7heet fdy Hu=s}t A A7k wg A
& AUALSH7HE AAlstaLar shelon, =g} =
A A9 e AT Hunskoln 3 W o
AU EB7HE Tl FF Ao AFEx49 7]
ARz ANFRA Ft.

o

BNl ox e P

o1
1. Axf7EE =M 2 EY

me

e A AedA Hdd Hu=sto] AF7|ute g dzoy
L azg Mm AR HHe wobe Susiolcr Bk A ARS weks] skl A1 Ao, A7)
E3 AZEY YrY A So] FHaAT} 74z 7|9 oA A5 w4 AAIRE Kwon(2014)9] A5 3
e G} o] -§AHY] Aol whE oA ARG FE Aol 23
7h A=Y, ofof digt F&F A AT BT =SS S]] G A7 S A8 37HA
flate] Aol FAHQ A Aol tet BAe] da  BOE FREW, wHEH CasertA] Z9sto] F 4714
a}CHKim et al, 2012). Energy PlusE 43t AZ &3} FHOE AEY A AASH T B AT AlEH A
ofuAz B AFE BN Aol A7 A% AEH Case W THORE MR} u]HEH Case AL
Table 1. Simulation applied to material properties
Case Division Thickness coflgzxility Specific heat Density U-value
(mm) (W/ir - K) (J/kg - K) (kg/m") (W/m’ - K)
Concrete 210 840 2,200
A Heat Insulating Material 110 1,400 15 0.329
Plant 100 1,000 1,000
B Inorgainc Porous Block 100 1,000 2,800 0.8
Concrete 210 840 2,200
Heat Insulating Material 110 1,400 15
Plant 100 1,000 1,000
C Cocopeat Block 100 0.053 1,888 160 0.190
Concrete 210 840 2,200 ’
Heat Insulating Material 110 1,400 15
Plant 100 1,000 1,000
Granite Soil Block 100 1,000 2,600
D Concrete 210 840 2,200 0.252
Heat Insulating Material 110 1,400 15
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Z3YE 210mm, GG 110mme] 12, 0] ] 37}#] Caseof A
T AEFLZRE Case ASt =U3A A5t Case B=
AAZ + RIGEAES + BALE + BAAE FHIIS
o, PrISAEES e s Txd 74 teE A
A7 o Hgel vl YA FAAE ol
750°c~850°c94 LERAOR HEAYsto] THE oz
5 Abof fa® o] Roj A glom, #H7gE FAskaL
o] % TFF 1e BAA ] 54 2 vz v
SE7F & B40] 9k Case Ci 4A3 + ZRAELS

+23EE + BEAR TASON, R ELEL of

S|

=2

Ao AredR 2ade] deo] wof setH o 28
A ol B3 nAE ROl Aol it Atstz
o] kg o|m, Aot §7| FEI} vFaAE Rt
9l &Ajoltt. Case D= AA|Z + UAIEERE + Z38]E
+ SR o] FolA Qlov, MAIESEL 3¢l F3t
sof A drbAQl AEAuol o] &EH o] =
< Aol

2 AFol A= HH=37t 485 Case B, C, DY #7]
034Es, AZYESS, MEERY dHEE 34S
fsto] AEE AlFstd e, 2429 ddEgs A5
o dEeS dA4RY EAE 5E& Usle 542
2 Q=SS 9 ol § 1Ty 227t 9l o, &9
A7t G A S FHete 9SS dEle Dot
(Kwon, 2014). §A=&2 a4 SAA AT LS
53l KS L 90169 ®iiof] upet SA4stglon, ojelof A=

of th3t 4 %= Design Buildero] Al A3 AL #8435
% th(Table 1).

2. U=

e AlEdold ZRIHLE =74
8l+ Design Builder3.03 A&
EnergyPlus7.2& A3} 9 th

Design Builder+= Design Builder Softeateo]| 4] 7)%%

23o]1, OpenGl soild modellerE EA 02 310, A7

b: West

a. East

Figure 1. Green wall

AHe] 3pREE &4l mdd
(Sin, 2008). EnergyPlus+= u]= DOE(Department Of
Energy)oll A 71 Z2agom of|AAREF B2k
S =AM TU-2ollA BtdAo] dFE AlEdold ==
T3;o|th(Yoon ef al, 2011). EnergyPlust: 7]& 84 =491
DOE-2, BLAST, COMISY] AL E3lo] /e =424
CTF(Condcuction Transfer Function)¥} CFD(Conduction
Finite Difference), HAMT(Combined Heat and Moisture
Transfer) 52 22 B4 dAG AL eSS o]-&5ko
71E A EtoA] ESANE AW 2= A5T 22 Hol
225 ¢ th(No and Jeong, 2011). EnergyPlus= 4 A & & 9}
A= oSl At TdE AEdoldS AlTstd, Azt
GAE AHEA7E A A sto] Aldbste] FUTE Al A& A
2850 digh 3t Aqke] Thsstth B 1E @O M3
A A A, WA A" A, A71A QL Al 2" BE
3 4 9= L2 I o|th(Robert and Michael, 2004).
B oA fATRAAL SHAR FET £ o,

@ 4 9k o] 2 Holrt

e s AEe) §3E YA AT A S 1A
3F7] 93 ujA g9l Case A9t W398l Case B~D

2 AR5t 29 A= AlEdold Adxe ddste
oz 7IZbEAE SRt 71ddelH e A2 304zt
1981~2012d 9] HHF 7|4 olEHE AF&35t9 o, St=td)
FolvAst oo A Algote s 2 713HClEH F

FRA ] &3t QA7 Y olHE Agadct. B3 A
2RUYL 5302 gom, Ykl AN AYS Y
stoich A% €9 AAF AP ARLIATL AUAL,
P GAE B ATk SHAL ABd 042
B BAsHE BHOR ofRold gt

3. XMg 78 mYy Y MFZA

d: North

c: South

simulation model according to the location
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Table 2. Set the target building conditions

Division Contents
Number of Floors SF
Building Area 400m’(20m>20m)
Total floor area 2,000’
Floor Height 3.5m
Wmdovy area 30%
ratio
Window U-Value 1.98W/m"K
Window shade 0.65
factor
Air-conditioning Fan-coil unit
system
Cooling : DOE-2 Centrifuga(COP=1.67),
HVAC Heating : Gasfired
condensingboile(COP=0.83)
Setting Cooling : 24C, Heating : 22C
temperature
Ilumination 400 lux

5 W/m' - 100lux
0.11 people/m’

Illumination load

Person occupants

Heat generation

123 W/person
from occupancy

Clothing quantity ~ Winter : 1.0 clo, Summer : 0.5 clo

Ventilation 10 /s + person

Hot water supply 0.2 I/m' - day

W) 7])(Heat Generation)?} WH 7| (Chiller) 2] A% Al4=
ZY7} 0.83, 1.67=2 AAstict ¥l A4 2= U
24C, 22T, YR A= AR OE BRRE
400 lux, Z2YE3} 5 W/m*100lux, #AA1¢1¥ 0.11 people/
nt, QA 123 W/person, 3+7]3F 10 Vs-person, B4 0.2
Vm-day, 1528 24A17F 5 25X ZF 8:00~18:002 444

97.00
€
=
% 96.00
o
(v}
:‘é‘
= 95,00
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£ 94.00
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92.00
Case A Case B Case C Case D

Figure 2. heating and cooling peak load per unit area

SHYLER(Table 2). B3 W98 %3917 2 Sohul 5ol &
(0%, 20%, 40%, 60%, 80%, 100%)°f we} Zea & A4
S th(Figure 1).

8 |2 olU x| ESE7t

1) EHHXE - L3 8 M2
A& Fobe AlAZHZ WalskAnl, oFF S04 o]0
b A2 AlAtstel ol F7l=
3}e} 7k AA AFESH A7t Sl oleh o] AT
StA|ZH(Peak Hour)ol tsto] 2§t oA Abe 2o 7514
. B 7]7HR S A Ao
g 197 of" A 7|2bo] AA BE Al Rk A4kt

For, HFH AlEdoldE ol &afof Hrh Hit

Foyal anlgs AL 5 Qltk(Park, 2002). E3H
Aol 7ol o] Helgal 513 S04
| wet WAs) WsehE 1 Hoje) Ae 48
stch(Kwon, 2014).
3 AAZIME SR AY T s Case
A 9631 W/nr, Case B 94.55 W/nr, Case C 94.02 W/n?’,
Case D 94.87 W/nro. 2 EA LSt dHH=3} nj&g iy
e R olA 1.44~220W/nr ] A7t 2o, 3
AAEL A74E&L Case C(2.38%), Case B(1.82%), Case
D(1.50%)<°] i th.

o H A Yrlu] 32519 AL Case A 118.84 W/nr,
Case B 117.49 W/nr, Case C 117.42 W/nr, Case D 117.64
Win'e 2AE G FUsaE 0488 Case A Ko} A
8% S84 119-1.42 Winre] Agse mgon,
Case C(1.19%), Case B(1.14%), Case D(1.01%)=2.2 A
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ol 1 &L 2 orlr
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119.00
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117.50
117.00
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Case A Case B Case C Case D

Cooling peak load per unit area(W/ m’}
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&2 B9t Kim ef al(2014)9] $AH=3 §-Fo] w2
ANIAAGEEH7E BA A o aisty AGES
2 1.49%, W] 55ke] AL Ao 2.13%E B
stglon, w5t g ug varsAy A YHr
Hop RS adte] ¢4 Ao2 Histih
AFolHE et R etA g Aol 94
2= Bl E3E Yoon e al(2008)S W e
=oto] W Wtet A A AWTEe JF
T S7RbTR AL Basta glom, B Aol A
of Fo o] et A7) Aol of
= A& APste] yehd 23z gdH A
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AN E, A7 @-FiEse] A9 ¥H=s) nHg 53
9] Case A= 90.78 kWh/m, Case B 89.72 kWh/nf, Case
C 89.95 kiWh/mr, Case D 89.62 KWh/m’& E-A=|gjch ¥ioi s
3} n]AE iy H8519S A AES Case D(1.28%),
Case B(1.17%), Case C(0.92%)%] 20 & UEetyrh.

Eoh, A7 @i FolEke APt Wi eh diy)
2 o] AlAIsHth(Figure 3). H7]= o154 6, 7, 84

o H YEelge £4519 e, Case A= 11.51 kW/
n?, Case B 11.44 KW/n’, Case C 11.49 kW/ny, Case D 11.41
W2 #A =l ¥ =3E w483 Case AtH] A]
ZHE-2 Case B(0.61%), Case C(0.10%), Case D(0.86%)=
w59t 53], ol 24 F 790 BE Sael s
bV A et on, RsstE 283 49 F Case
D(L13%)7} 714 53 9oz BeHg,

ﬂ_

Uyl ASHE 114, 124, 1Y, 299] 33 daria)
3.90 KW/

g2 HA5L9 o, Case A= 4.29 kW/n, Case B
7, Case C 3.80 KW/nr, Case D 3.96 kW/m's B4 53},
USRS v H8e §9 o) 489 §3004 AREI
£ "o, ALEL Case B(7.77%), Case C(10.28%),
Case D(6.38%)& UEGTH E3H 190 2o dRetE
B o Case AtH] HH =35 ALt Case C(10.11%)
oA 7HE FEet ARES Bt Kim er al(2014)2 &
g3t AR 7R W o A AR T AT A v A G
o] =35k FFAA W7lodls 1.03~1.46%, Gl =
6.66~9.72%2) AZ&S ANFALL B Ao AL v K g
u] JHk7] 0.10~0.86%, W4} 7] 6.38~10.28%2] A &L
Hol 7]& AFZAnAd 7| Eeh Gl o &3t
Eahe 7Y Ao e dlch B thope A4kl
M g AEAEY AW T LT FHAT 98
AOZ AR E T

Table 3. Annual cooling and heating loads and energy use per unit area

a 3 5
Division (Qﬁﬁr}) ‘R(%) (L?NE/%E) R(%) (RV?JEX) R(%)
Case A 90.78 Reference 122.91 Reference 221.72 Reference
Case B 89.72 1.17% 119.07 3.12% 218.33 1.53%
Case C 89.95 0.92% 118.95 3.22% 218.21 1.58%
Case D 89.62 1.28% 119.17 3.04% 218.43 1.48%

*ACHL = Annual cooling and heating load, "AHCE = Annual heating and cooling energy use, ‘ATE = Annual total energy

use, YR = Reduction
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Figure 3. Annual heating and cooling loads per unit area
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=4, At YIFoqAAEFe AF Case Ae
122.91 kWh/m’, Case B 119.07 kKWh/n*, Case C 118.95 kWh/
m?, Case D 119.17 kWh/n2 B4 ¥ Qich ¥ H=s] n]zg&
Case A HH| =35}24-§ FF A 3.04~3.22%9 AHE=S
Helomn, Case C= 3.22%9 AfdES 2o 537F 5
Yo oA gF Aol g T AOE BAHY
=

A, AZF FoAU A A GHE
o 5%, 289 oUAY tAet A7) 5 RE YA
A A Adtolth. MHkel 12§ 59 Case
A= 221.72 KWh/neo] 1, HHE3 63<¢ Case B:=
218.33 KWh/m?, Case C+= 218.21 KWh/m?, Case D= 218.43
KW/ AR S 9ich W ek o489l Case A ThH] %
NI A AFET AZHES AH B, Case C7F 1.58%2 713
=8 AAES 91, Case B 1.53%, Case D 1.48%9]
ol gtk Kim(2009)9] stuzdEol A w3480 ut& of
UA 58 7E AFollA W =ata g Al o2 diH] 1.2%
AZS dEtn Rastel, & d7Asel fA3 AFE
B

3) 1X[OILX| ALSE R HZF O|ASIEHA WS

12 A ARG o Y A] 18 (7], NG, LPG, A9
W, Adde, 5)E @9, M 58, HE o] gefste
2 AZE N9 A7) olyA] 2HEL st Bele Aw
seho] H74E 4 9 7120l L astehLee, 2012). o]
3 1R U A A GTEe] AR 913 BAASTE ARG E
7O AR EHE AR dUAYY FE25H o
UAZE ARG H = 274 A2|aby, A%, 3, e, A
e BE RS skl Agth 13k U A AREEF A
A 22} oy Al o] M7= 275, 7k L, A 9d
22 0.614, A WHRe 0.9379] SAHASE Fato] AAkg
TH(Lee, 2014). ¥ H =3} 0] 282l Case A= 936,122 kW

Wodel AREE oA
ok A
=

937,000
936,000
935,000
934,000
933,000
932,000
931,000
930,000
920,000
928,000
927,000

Primary Energy(kWh/yr)

Case A Case B Case C Case D

h/yr, Case B 930,243 kWh/yr, Case C 930,288 kWh/yr, Case
D 930,303 kWh/yre = &4 E it HH53 5o ohg
AHAFE Bt 5,844 Kih/yro|w], AZGEL oF 0.6%=2 o5
wolom 983 Aol vlusat.

A2 AAHOE LAVLA WEE A 0 ARS Slat
Foro] BAHET i Aoleh, Skt £ F7b ol
E AP A] 1996 TPCC 7hol=atelof oA 3o] 24 & 1
1em, 2006 IPCC 7tol=alo A A Alsh= th/d =47t
ABE oJARS R A, HE, oAb A 4, A ES A, T
Speta, S8 6714 FRE WAL E . oF 7I$H
stol] 7 & ¥Fe A= AL oJ4tstE o] E 2 (Sin,
2014), & Ao M= AlEdolds Faf HH=3HA A7
gho] w2 Azt olAbstekA wiEES APkl

AT oliteteta WS B /=3 v A &4 Case
A+ 226,195 kg, Case B 225,174 kg, Case C 225,313 kg,
Case D 225,108 kg2 A = qlth. A7 ¥H =3} v A&
Case A tH] HH=S}H &7 oA Fat 996 kg AT
S Hyou, ALEL 039-048%2 EAE g B Y
HAL7]Q1 8ol 7HE & oJAbsteta wijETFe Kol Wi
A719] o T EAE = AUAAEFE FoloF &
Zolw, B A EY o4tstea: F4ES 1Y %
I YA FE B oAbt A iEFE 4
o o] & Hegh 25 57t gad Fofth

2. HH=3 Azl #{x|of M2 ol X|EsSEIt

Aot 24 Al AE AAste] vl dit FAA
9 AL A& AL A FE, ol meh, Fogt o
FAl R

3F £A 2T, 53(180,461 KWh) > A{3F(180,428 KWh)

W(Case A CaseB mCaseC HCase D

35,000
30,000
25,000

20,000

€O (kg)

15,000

10,000

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

Figure 4. Green wall Case of primary energy use and annual carbon dioxide emissions
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Table 4. Energy performance evaluation according to the location
Division *ACHL(kWh) ‘R(%) "AHCE(kWh) R(%) ‘ATE(kWh) ‘R(%)
Case A 181,566 Reference 245,813 Reference 443,440 Reference
East 180,383 0.65% 243,610 0.90% 442,868 0.13%
Case B West 180,428 0.63% 243,513 0.94% 442,770 0.15%
South 180,407 0.64% 243,673 0.87% 442931 0.11%
North 180,461 0.61% 243,648 0.88% 442905 0.12%
East 180,393 0.65% 243,420 0.97% 442,677 0.17%
Case C West 180,433 0.62% 243,431 0.97% 442,689 0.17%
South 180,421 0.63% 243,523 0.93% 442,780 0.15%
North 180,496 0.59% 243,467 0.95% 442725 0.16%
East 180,402 0.64% 243,750 0.84% 443,007 0.10%
Case D West 180,448 0.62% 243,774 0.83% 443,031 0.09%
South 180,412 0.64% 243,780 0.83% 443,037 0.09%
North 180,465 0.61% 243,781 0.83% 443,039 0.09%
ACHL = Annual cooling and heating load, "AHCE = Annual heating and cooling energy use, °‘ATE = Annual total

energy use, ‘R = Reduction
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Table 5. Energy performance evaluation according to the green wall rate

Division *ACHL(kWh) R(%) "AHCE(kWh) ‘R(%) ‘ATE(kWh) R(%)

0% Case A 181,566 Reference 245,813 Reference 443,440 Reference
Case B 180,475 0.60% 243,787 0.82% 443,045 0.09%
20% Case C 180,498 0.59% 243,616 0.89% 442,874 0.13%
Case D 180,487 0.59% 243,903 0.78% 443,161 0.06%
Case B 180,529 0.57% 243,366 1.00% 442,624 0.18%
40% Case C 180,599 0.53% 243,086 1.11% 442,344 0.25%
Case D 180,519 0.58% 243,568 0.91% 442,826 0.14%
Case B 180,565 0.55% 242,963 1.16% 442,221 0.27%
60% Case C 180,682 0.49% 242,552 1.33% 441,809 0.37%
Case D 180,555 0.56% 243,269 1.03% 442,527 0.21%
Case B 180,580 0.54% 242,554 1.33% 441,811 0.37%
80% Case C 180,706 0.47% 241,978 1.56% 441,236 0.50%
Case D 180,559 0.55% 242,936 1.17% 442,193 0.28%
100 Case B 179,443 1.17% 238,133 3.12% 436,664 1.53%
o, Case C 179,900 0.92% 237,897 3.22% 436,428 1.58%
Case D 179,245 1.28% 238,335 3.04% 436,366 1.48%

ACHL = Annual cooling and heating load, "AHCE = Annual heating and cooling energy use,

energy use, ‘R = Reduction
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