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Case Study

Green Walls as A Tool to Achieve Thermal Comfort in
University Spaces Simulation Study Using (Design Builder)
Program

Noha Roshdy Mohamed Atia®*, Mona Elwazier®, Esraa Elazab®

2 Architectural Engineering Dept, Nile Higher Institute of Engineering & Technology, Egypt
® Architectural Engineering Department, faculty of Engineering, Mansoura University, Mansoura, Egypt

Abstract

The research introduces a study on the efficiency of green walls in achieving thermal comfort in educational
interior spaces. Green walls can reduce energy consumption and carbon dioxide emissions through reducing
heating and cooling loads. The research methodology depends on measuring the efficiency of green walls by using
design builder a software simulation tool, to assess the thermal comfort in an educational interior space. Results

show that energy decreases by 34% and carbon dioxide decreases by 30%.
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pollution—A review. (Ysebaert et al., 2021)

2 Psychological and physiological effects of a green wall on
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3 Are green wall technologies suitable for major transport
infrastructure construction projects? (Reinalliganab,
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Fuel Breakdown - green wall, Building 2
1 Dec, Run par

Licens=d

EnergyPius Output

&0 4
550 4
500 4
P
400 4
0]
le<lpins i) 48LLY
saa

200 -

Fuel (REEUXID'G)

150

100 -

50 4

o

ear

Room Electricity (kBtujx10°3 335.95
Lighting (KBtulx10°3 529.57

Heating (Gas}) (kBtujx103 0.12
ooling (Electricity) (kBiulx10°3 84318
DHW (Electricity) (kBtulx10°3 32.54
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Comfort - Block 1, lab1
EnargyPlus Cutput 1 Jan - 31 Dc, Run period Licensed

[ i Tempaire () MMM Radan Temperaire (F) MMM OpeatveTemperaire (F) MM Outskde Dry-5ub Temparaire (T
a1 |

Temperature: (°F)
a o @ 8

PN EN
5o B A=t Humian (% 5/‘).4.//

% 5)lada 0 LB e
4 | 3 5/‘):.//
sl i

Air Temperature (°F) 78.78

Radiant Temperature (*F) 80.86
Operative Temperature (*F) 79.82
utside Dry-Bulb Temperature (°F) 72.06
Relative Humidity (%) 4500

CO2 Production - green wall, Building 2
EnergyPlus Cutput 1.Jan - 31 Dec, Run period Licensed

w0
w0
s
w0
o0
S/ ‘;_zLT Jlé Luai
ELl SR s ST

600 o

COZ (bxl0)

590 4

580 -

570 o

560 -

550 -

540 4

Year
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b g geiliil] 2 -1-7

Cilgal gl Ao ¢ padd) Jail gl aladiad J8 gilidl) 45,8l pualic
Fuel Breakdown - green wall, Building 2
EnergyPlus Output 1 Jan - 31 Dec, Monthly Licensed
— = e Haglng (Gas) (KEUX10*3 e Coding (S
—
100
30
20
0
& 60|
=2
-
g s lpSlprinai i) 6L
p &
z saa 4l
40
20
20
10
0 o S
Month 2002 Feb Mar Apr May Jun Jul Aug S=p Oct Nov Dec
Room Electricity (kBtujx10*3| 38.20 3385 36.38 36.94 38.56 35.02 3783 3617 3BT7 38.40 36.28 3713
Lighting (kBtujx10*3| 4919 4370 45.47 45.36 51.25 4438 45.76 41.37 4575 50.24 4778 46.90
Heating (Gas) (kBtupx10*3 |  0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02
ooling (Electricity) (kBtujx10*3| 24.59 2875 3581 5182 68.66 79.99 103.01 5522 88.39 7823 48.63 3087
DHW (Electricity) (kBtujx10*3| 4.24 3.78 4.04 414 433 3.84 4.28 3.87 4.04 428 410 414
Comfort - Block 1, lab1
EnergyPilus Output 1 Jan - 31 Dec, Monthby Licensed
— A Tampraira(T) s Radan Tamparaira (T)  sesss Oparaive Tampraira () s Outsida O, F)
25
20
75
g
£ 70
T
a
ol
&0
N EN
g [m—rmam ELA
Sl da g SR e
55 | EL
(bl L)
=50
£
1=
@
2 45 4
T
o
40
25 |
Manth 2002 Feb Mar Apr May Jun Jul Aug Sep Oet Now Dec
Air Temperature (°F) | 7555 76.85 T84 7883 80.08 8125 8187 2421 a1.m 80.04 7827 76.45
Radiant Temperature (*F) | 77.76 79.20 78.75 51.08 §2.42 83.27 83.67 54.03 83.21 §2.42 50.88 T8.72
Operative Temperature (°F) | 76.66 78.03 78.70 79.85 i1.25 4226 d2.87 i4.12 2.1 i1.23 79.58 7759
utside Dry-Bulb Temperature (°F) | 5874 60.60 B4.78 T0.07 76.58 3133 3376 3454 80.52 T84 &7.21 6129
Relative Humidity (%) 37.81 34.80 3572 38.36 41.97 45.96 5472 56.98 5276 45.25 43.40 37.90
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EnargyPlus Output 1 Jan - 31 Dag, Monthhy Licensad

CO2 (b)
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Westhar
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C0O2 Production - green wall, Building 2
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2002 Menth
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EnsrgyPlus Output

Fuel Breakdown - green wall, Building 2
1 Jan - 31 D=z, Monthly

Licznsed

100

20 4

80 4

704

[

50

Fuel (kEuxi0ed)

40 -|

30 4

20

10 4

— 00

05

Month 292

Mar

BApr

May

Jul

Aug

Room Electricity (kBtu)x1043| 38195
Lighting (kBtujx10+3| 4817

Heating (Gas) (kBtujx10"3 | 0.07
ooling (Electricity) (kBtu)x10°3| 24.58
DHW (Electricity) (kBtulx1003|  4.24

3384
43.68
0.00
2874
377

3638
45.45
0.00
38.60
4.04

35682
45.34
0.00
51.50
4.14

3854
5124
0.00
&8.63
433

35.00
44.35
0.00
75.56
3.84

T
45.74
0.00
102.97
427

36186
41.38
0.00
55619
3.87

3578
4573
0.00
88.38
4.04

35838

&D.22
0.00

78.20
427

3628
A7TTT
0.00
45,81
4.08

LA
46.88
.02
30.56
4.14

EnsrgyPlus Output

Comfort- Block 1, lab1
1 .Jan - 31 Dag, Monthhy

Liczns=d

Temnperature (°F)
& & &
L L L

3
I

— A7 Tamp e

— F3daT TEmparat

— Oparaiva Tamparate

25 4

-
Month 202
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Jun

Jul

New

Air Temperature (°F) | 73.85

Radiant Temperature (*F) | 75.82
Operative Temperature (*F} | 74.84
utside DOry-Bulb Temperature (°F) | 5674
Relative Humidity (%) | 38.98

7552
7T
76.62
B0.60
36.38

7664
7866
7765
54.76
37.00

78.00
8047
7823
T0.07
30.26

78.85
8232
i1.08
T76.58
42.37

1.3
8354
i2.43
i1.33
45.85

81.85
8412
4289
83.76
54.45
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8219
i0.52
52.82
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a0.87
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C0O2 Production - green wall, Building 2

EnsrgyPlus Output 1 .Jan - 31 Dag, Monthhy Licens=d

5 S e L

Menth 2002 Fsb Mar Apr May Jun Jul Aug S=p Oct Mow Dz

{02 Emissions (Ib)| 45514.43 4314115 45138.86 5518111 86413435 6384354 7EB48.86 7072640 &8110.41 6740286  B35G1.62 46653.68|I

Site Data - Block 1, 1ab1

EnsrgyPlus Output 1 Jan - 31 Dec, Monthly Licens=d

) e Outsida Daw-Poim Tamparatur:
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1 =
— VI DI2CE0N (7] e S0l T2 (7] e Solar AZimut (7)
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w00 — i R
i o __ e
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[—— CweciNomaSoar(kol] s DiUS2 HOMZOME S0 (RSN
{7
2 254
% T e — |
i IE— —
200z Fzb Mar Apr May Jun Jul Aug S=p Oct Mow hEd
Month

Outside Dry-Bulb Temperature (°F) | 5674 &0.60 8478 7007 T6.58 81.33 83.76 54.64 80.52 T6.41 &7.21 6129
utside Dew-Point Temperature (*F}|  45.80 4426 4618 48.86 5371 58.62 66.35 &8.07 64.36 0.00 B3AT 46.86
Wind Speed (fimin) | 548.31 722.99 TIT19 886.31 826.18 6585.29 &51.37 &16.86 &B0.30 644.65 554.54 63687

Wind Direction (%) | 183.24 180.59 183.31 132.79 13217 216.01 238.00 188.897 140.48 118.78 167.24 186.65

Solar Altitude (%) [ -13.88 -5.81 -1.38 &.64 1255 1626 14.15 538 212 -B.83 -1224 -16.23

Solar Azimuth (%) | 182.85 181.68 182.85 184.98 185.68 186.03 183.77 184.11 186.12 188.08 187.91 18557

Atmospheric Pressure(InHg) | 3019 3007 3005 3001 2098 2682 2682 2888 30.00 30.08 3012 3017
Direct Mormal Solar (kBtu)| 34.14 3548 5284 5751 &8.49 EBTE 5383 48.39 45.04 47 34 3819 3408

Diffuse Horizontal Solar (kBtu) [ 1186 1314 17.02 2023 2125 2413 27.08 2542 18.76 15.52 12.14 10.78
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cilgal gl Ao ¢ padl) Jai gadl aladiad 8 giliil) 45,84l dgay
Fuel Breakdown - green wall, Building 2
1.78- 31 DaC. Run pandd
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N o/

m

10

Room Electreay (kBtujpe1043 44817
Lightng («Btux103 §73.97

Heating (Gas) (xBtux10*3 1.02
Cooling (Electicty) (xBruxx1043 74535
DHWN (Electricty) (xBux1043 4384

Comfort- Block 2, lab2
EnargyFlus Cutput 1 Jan - 31 D=, Run period

Liczns=d

(M Ar Tamparatwa('F) Bl Radan Tamparatra('F) MM OpratveTampzratwra('F} [ Ouisida Dry-Sulb Tamparatura {°F

=
P

Temperature (°F)
ER]

-
L

Boa

[ R=arve Ay (5]

. VY S NIE PN N
. ELA 5 ) a da o SIS o
%1 skl L

Air Temperature (°F) 78.54 [
Radiant Temperature (°F) 81.42
Operative Temperature (*F) 7998
utside Dry-Bulb Temperature (°F) T2.085

Relative Humidity (%) 43.45
T
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EnsrgyPlus Output

C0O2 Production - green wall, Building 2
1 Jan - 31 D=z, Run period

Liczns=d
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Fuel Breakdovm - green wall, Building 2
EnagyPius Cutgut 1J3n - 31 Dac, Run perd Leansea
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Heating (Gas) (kBu)x 103
ooling (Electricity) (kBtu)x10°3

DHW (Electricity) (kBtu)x10*3
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EnsrgyPlus Output
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Comfort- Block 2, lab2
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C0O2 Production - green wall, Building 2
1 Jan - 31 D=, Run period Licens=d
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L g eiliil] 27

(<) g/J!é;..bJ}//JJ.L//éuLu
cilgal gl gk £ puadl) Jai) gal) aladia S8 C_:L's.d\ EUJL'EAS\ salic
Fuel Breakdown - green wall, Building 2
EnergyPlus Qutput 1 Jan - 31 Dec, Manthly Licensed
Month
Room Electricity (kBtu) | 2841491  25761.87 2714906 28375.32 2088204 2610947 2952177 2748060 27242.33 2952177 2740267 2828199 EARP1 PV % g/ 4L
Lighting (kBtu) | 48561.12 4085455 42307.02 45783.22 4524756 4152913 4723570 3837473 4385618 4723570 44885.04 4443407
Heating (Gas) (kBtu)| 118.83 555 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4427
-ooling (Electricity) (kBtu) | 23645.99 26146.88 3469879 4501728 G59618.47 6632476 87825064 08236522 74820.01 67881.29 43276.92 2847038
DHW (Electricity) (kBtu)| 2861.08  2507.18 260150 280224 284877 254256 289856 245881 267245 289656 272567 273129
Comfort - Block 2, lab2
EnergyFius Output 1 Jan - 31 Dec. Monthly Licensed
— A Tamparaiura (*F] e Radiam Tamparaiur — Oparatva Tamparaiura {'F)
354
504
75
H
£ 704
£
2 85
& 4
ELA SR Lyl adl An )l
EJ/JA {AJJ (J)ﬁ 1)
8'/)4'.//
50 (b Ausd)
48
24
g4
S 42
£
40
18 J
16
24 4
Month 2002 Feb Mar Apr May Jun Jul Aug Sep Oct Nev Dec
Air Temperature (*F) | 75.35 76.46 77.03 T8.24 78.48 80.66 80.67 §1.08 80.16 79.28 T77.86 7612
Radiant Temperature (°F)} | 77.58 78.86 79.58 81.14 62.66 83.69 g4.02 84.30 83.33 §2.4% 80.70 Ta.44
Operative Temperature (°F) | 76.47 77T 78.31 79.89 81.07 82.18 82.35 82.70 81.78 80.88 79.28 7728
utside Dry-Bulb Temperature (°F) | 58.74 60.60 8478 70.07 76.58 81.33 8378 8484 80.52 T8.41 &7.21 81.29
Relative Humidity (%)| 37.84 3482 36.00 38.14 4183 4591 52 58 5371 51.03 4796 42.31 38.25
CO2 Production - green wall, Building 2
EnergyFius Output 1 Jan - 31 Dec, Monthly Licansed
65000 -
&0000
55000 -
= Ol s U jle Lusi
g ELl 51
50000 -
45000 -
40000
Montn 2002 Feb Mar Bpr May Jun Jul Bug Sep Cet Now Dec

{02 Emissions (Ib]| 40141.06 3730316 4179970 47765865 5501085 5344796 66657666 50301.49 5314061 5776641  46230.77  40693.32 i
S aS) L D5 Lyl gal) An) ] oy _puni ) Lilal) ahosiusl S8 Y] crolsd] Jors Gpe) il g S AL icsal) G8LS) Loceil iliil] a5y 20 SEE
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Clgal gl e o padll Juil gl aladiius) day gibisl)

Fuel Breakdown - green wall, Building 2

ErargyPlis Outpnt 1 Jan - 31 Dec, Mosthy Leensed
Month
Room Electricity (Stwh2)| 1393.97 1238.84 132733  1347.73 140687 127763 1384.01 1319.82 130523 140103 1323.72 135478
Lighting (Stuf2)| 1785.01 189468 186922 178462 1870256 151876 1779.31 150981 1669.26 183335 174371 1711.54
Heating (Gas) (Btuft2)| 247 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.78
oling (Electricity) (Btuwf2)| 89717 104915 144548 187989 254188 291889 375881 352088 322550 289120 181092 113019
DHW (Electricity) (Stwn2)| 15470 137.75 147.36 151.21 157.94 143.37 155939 141,33 147,54 155,99 142.48 151.03
Comfort- Block 2, lab2
EnergyFlus Qutput 1 Jan - 21 Dz, Monthly Licensed
[ i T=Tp=rEire ('T]  m— RadaT TETOENE (7] m—Op=ratvz TEmosrat
&5 4
0
£ 75
g
£ 70+
65
&
g4 [mm—Retatee Humidty (%)
52
50
45
€
S
3
541
42
40
35
Month 2002 Feb Mar Apr May Jun Jul Aug Zap Cet Haw Dac
Air Temperature (°F) | 74.80 75.38 75.69 76.24 T7.05 T7.58 7783 78.15 7756 T6.86 T8.08 75.32
Radiant Temperature (°F} | 77.28 7873 7263 81.01 8264 83.58 84.04 84.31 83.35 82.37 80.38 78.35
Operative Temperature (°F) | 78.04 T7os 7781 78.87 79.80 80.58 80.50 81.23 80.45 To.88 7823 76.83
utside Dry-Bulb Temperature (°F) [ 58.74 8080 8478 T0.07 7858 81.33 8378 8484 80.52 7841 8721 8129
Relative Humidity (%) | 40.07 37.56 38.25 41.86 45.44 48.87 52,65 53.21 51.84 50.20 45.32 40.85
CO2 Production - green wall, Building 2
EnergyPlus Output 1Jan - 31 Dac, Moty Leansea
2800+
W04
2600
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242
2300 +
a
= 20
=
g
© 21004
2000
190
1300 -
1700 -
1600 -
Wosth 2002 Feo Mar Age May Jun Jut Aug Sep Oct Nov =1
102 Emissions llh)[ 166077 157417 179303 201388 234022 233327 277139 253090 248533 245951 1968 61 1702.35 l
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LA /pvuad ), dolaRin) des g i VI Lilad] al035u) JE G s pSI uiS) G e dasis o gl gadl da g (AYI cusla)) 2 48 lgSlgi il DL lade et g 3 Jsan
(desigen builder sSof/ geli p 4hul 52,2022

Agalsll yady) hilal) AdLa) sy 1 AN (uadY) Jailad) ALz J8) L) 7 gall)
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£8.,0¢ £EAY B
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Ye,v Yo,o0 it 5 gl da o
Ter, YR VYY,¥Y O 0] e i

¢ Y T Y1 gl (Y] aladl) (&1 o) puail Ll ) ol aukad 2es 4l e
%Y,Y 1 8l A ik
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(@) E1A aY sl =il 3-7
L pheal) il 37

cilgalsh o £ pdadll daif gal) aladiud (8 il

Fuel Breakdown - green wall. Building 2
10-0 TN pan

Enagyons O FERS Uceness
3 COF Ggreng (compnio: B Saseng (o) (Gaxiors B Coomng (SeckacRy) (SSMIXIC S
20
o0 -
%0
g = ”
H id AN Al
H LgSlg.\.uu g.\.‘ :
z aa gl)
0
e
100 -
d —— - —
Yar
Room Electrczy (kBtu)x1043 451.75
Lighting (xStux103 373.1%
) (Btup1043 1.12
c ) 755,60
§0.17
Comfort - Block 3, lab3
EnergyFlus Output 1 Jan - 21 Dec, Run pariod Licensed
B4 W= Temoemrar) MMM madamie=momao= ) MM Op=aiis Tempmmirs (1) MO0z Ory-Dus TETOEEREE (1) -

Temperature (°F)

Jal Ay el dall
g1,

A A PR e
Aggh ) dpud g '&bﬂ\

43

Persent (%)

8 s 88
LT

Air Temperature (“F} 81.48

Radiant Temperature (*F} 83.41
Operative Temperature (°F) 82.45
utside Dry-Bulb Temperature (F} 72.05
Relative Humidity (%) 41 57
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C02 Production - green wall, Building 2

EnzrgyFius Cutput

1 Jan - 31 Dec, Run period Licensed

78D

760
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720 o

700 -
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C0O2 Production - green wall, Building 2
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Comfort- Block 2, lab3
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