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Abstract— The application of horizontal and vertical greening has a significant impact on the thermal performance of residential and 

commercial buildings and on the urban environment. Plants are functioning as a solar filter and prevent the absorption of heat radiation of 

building materials extensively. Vertical greening can provide a cooling potential on the building surface, which is very important during summer 

periods in our climatic context of Bangladesh. It has enormous possibilities, especially in the residential sector of Dhaka city, where city 

dwellers cannot get enough space to plant trees because of the tight urban situation and scarcity of land. The objective of the study is to 

analyze the impact of vertical green walls on exterior surface of residential buildings to minimize indoor air temperature, to ensure the 

sustainability and energy efficiency of the building industry sector. In this perspective, combined effort of field study and computer simulation 

approach will be conducted to measure the temperature in residential multistoried building. A comparison between measurements on a bare 

façade and a green vegetated façade will be taken, in summer, to understand the contribution of vegetation to the thermal behavior of the 

building envelope. The results of the analysis will be presented such that vertical greening can be used on the exterior walls of residential 

buildings to maximize indoor thermal comfort. 

Index Terms— Impact of Exterior vertical Green Wall, Residential Building, Indoor Air Temperature, Thermal Comfort, Tropical climate.   

——————————   ◆   ——————————

1 INTRODUCTION 

HE in te gratio n  o f v e ge tatio n  o n  bu ild ings , th ro u gh  gre e n  

ro o fs o r v e rtical gre e n ing, allow s o b tain ing a sign ifican t 

im pro v em e n t o f th e  bu ild ing’s e fficie n cy, e co lo gical and  

e n v iro nm e n tal b e n e fits .  G re e n  façad e s and  liv ing w all system s 

(LWS) o ffe r n u m e ro u s e co lo gical and  e n v iro nm e n tal b e n e fits , 

can  h av e  a po sitiv e  in flu e n ce  o n  th e  com fo rt and  w e llb e ing in  

and  aro u nd  th e  bu ild ing, b e sid e s so cial and  ae sth e tical v alu e  

[3 ].  Th e rm al Pe rfo rm an ce  o f in te rio r space s , w h ich  is an  

e xtrem e ly im po rtan t issu e  in  th e  co n te xt o f su stain ab ility in  

citie s [4] is se e n  to  h av e  a sign ifican t ro le  fo r e fficie n t liv ing.  In  

re s id e n tial are as h u m an s n e e d  th e rm ally com fo rtab le  

e n v iro nm e n ts to  re st and  re v iv e  afte r th e  d ay’s w o rk .  Wh e re  

e n e rgy o r pow e r su pp ly is scarce , like  in  Dh aka  [2], passiv e  

clim atic co n tro l sh o u ld  b e  app lie d , fo r ach ie v ing th e rm al 

com fo rt.  Ov e rh e ating is a grow ing e n v iro nm e n tal co n ce rn  fo r 

tro p ical citie s like  Dh aka [1 ], th o u gh  ru le s and  co n tro ls , to  

ach ie v e  th e rm al com fo rt in  re s id e n tial e n v iro nm e n ts , are  n o n -

e xiste n t [2].  Th e  e co lo gical and  e n v iro nm e n tal b e n e fits o f 

v e rtical gre e n ing system s, as fo r gre e n  ro o fs , co n ce rn  th e  

re d u ctio n  o f th e  h e at is land  e ffe ct in  u rban  are as , th e  air qu ality 

im pro v em e n t and  e n e rgy sav ings .  In  fact, b o th  th e  grow ing 

m e d iu m  and  th e  p lan ts th em se lv e s p ro v id e  in su latio n  and  

 

 

 

 

 

 

 

 

sh ad e  e sp e cially in  Tro p ica l are a, e n e rgy fo r co o ling G re e n  

façad e s are  base d  o n  th e  u se  o f clim be rs (e v e rgre e n  o r 

d e cid u o u s) attach e d  th em se lv e s d ire ctly to  th e  bu ild ing su rface  

(as in  trad itio n al arch ite ctu re ), o r su ppo rte d  by ste e l cab le s o r 

tre llis .  L iv ing w all system s, w h ich  are  also  kn ow n  as gre e n  

w alls and  v e rtical gard e n s , are  co n stru cte d  from  m o du lar 

pan e ls , e ach  o f w h ich  co n tain s its ow n  so il o r o th e r grow ing 

m e d iu m  (so il, fe lt, p e rlite , e tc . ) [6].  

Th is re se arch  is co n d u cte d  o n  th e rm al p e rfo rm an ce  o f 

v ario u s gre e n  w alls , a ke y bu ild ing d e sign  e lem e n t, as th is 

v e rtical su rface  re ce iv e s th e  so lar rad iatio n  at su m m e r tim e  in  

co n te xt o f Dh aka .  He re  in  th is pap e r 3 site s h av e  b e e n  ch o se n  in  

Dh aka city as case  stu dy to  o b se rv e  tem pe ratu re  d iffe re n ce  in  

b e tw e e n  bare  w alls and  gre e n  w alls o f re s id e n tial bu ild in gs .  

2 AIM OF THE STUDY AND RESEARCH QUESTION  
Th e  gre e n  su rface  can  h e lp  in  re d u cing tem pe ratu re  in  h o t 

su m m e r p e rio d s and  in su late  so lar rad iatio n  in  any tim e  p e rio d  

w h ich  m ake s in d o o r re s id e n ce  space s m o re  com fo rtab le .  Sin ce  

th e  aim  o f th is re se arch  is to  m e asu re  th e  p o ssib le  re d u ctio n  o f 

th e  (air and  su rface ) tem pe ratu re  by d iffe re n t gre e n  co n ce p ts 

(d ire ct and  ind ire ct), th e  fo llow ing re se arch  q u e stio n s h av e  

b e e n  fo rm u late d : 

• Is th e re  a d iffe re n ce  b e tw e e n  air tem pe ratu re  in  b e tw e e n  a 

bare  façad e  and  a gre e n  co v e re d  facad e ? 

• Do e s th e  tem pe ratu re  v ariatio n  flu ctu ate  o n  th e  h e igh t o f 

th e  bu ild ing w ith  a gre e n  v ege tate d  fa çad e ?

T 
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3 LITERATURE REVIEW  

3.1 Climate of Dhaka 

Th e  In te r-go v e rnm e n tal Pane l o n  C lim ate  Ch ange  (IPCC) 

p re d icts a rise  o f th e  m e an  annu al tem pe ratu re  o f abo u t 3 . 3 °C 

p e r ce n tu ry in  th e  w o rld .  Th e  e ffe ct o f clim ate  ch ange  is b e ing 

fe lt in  th e  tro p ics , and  Banglad e sh  is o n e  o f th e  m o st v u ln e rab le  

co u n trie s .   

Tem pe ratu re  tre nd s d u ring th e  last 60 ye ars (1 950-201 0) 

sh ow s a te nd e n cy o f in cre as e  in  th e  av e rage  d ay tem pe ratu re  

[7].  Th e  m e an  annu al tem pe ratu re  h e re  h as in cre ase d  d u ring 

th e  p e rio d  o f 1 895-1 980 by 0. 3 1 °C o v e r th e  past tw o  d e cad e s [8].  

Dh aka city lie s b e tw e e n  23 ° 40 ′ N to  23° 55 ′ N latitu d e s and  

b e tw e e n  90° 20 ′ E to  90° 30 ′ E lo ngitu d e s .  Th e  clim ate  o f Dh aka 

is h av ing m ain ly th re e  d istin ct se aso n s – th e  h o t d ry (March -

May), th e  h o t h u m id  (Ju n e -No v em be r) and  th e  co o l d ry se aso n  

(De cem be r-Fe b ru ary) [4].  Dh aka lie s ju st n o rth  o f th e  Tro p ic o f 

Can ce r, d isp laying ch aracte ristics o f “ Com po site ”  clim ate , w ith  

appro xim ate ly o n e -th ird  o f th e  ye ar b e ing h o t-d ry (m e an m ax 

33 . 6 0C ), tw o  th ird s w arm -h u m id  (m e an  m ax 31 . 3 0C ), w h ile  

th e re  is a co o l-d ry se aso n  [9].   

Dh aka h as a h igh  rate  o f re s id e n tial d e v e lo pm e n t, to  cate r 

to  th e  h u ge  in flu x o f ru ral to  u rban  m igratio n  [4].  Re sid e n tial 

are as fo rm  alm o st 27%  (h igh e st) o f bu ilt are as [1 0].   

In  a lite ratu re  su rv e y o n  e n e rgy sav ings by gre e n  w alls , it 

h as b e e n  o b se rv e d  th at th e re  is ge n e ral lack o f stu d ie s o n  gre e n  

in  th e  co u n trie s o f th e  w o rld  th at re ce iv e  h igh  so lar rad iatio n  

[1 1 ].  It is n e ce ssary to  e xp lo re  th e  ro le  o f gre e n  w alls in  a 

d e v e lo p ing co u n try like  Banglad e sh  and  lo cate d  in  a 

su b tro p ical clim ate  (w ith  h o t and  h u m id  su m m e r, m ild  and  d ry 

w in te r and  h e avy m o n so o n  rain  in  b e tw e e n ).  Th e  fo cu s o f th is  

re se arch  w as to  stu dy th e  e ffe cts o f gre e n  w alls o n  u rban  

dw e llings in  th e  su b tro p ical e n v iro nm e n t o f Dh aka city .  

3.2 Green Walls 

Gre e n  space s in  a bu ild ing re fe r to  all th e  v e ge tate d  

su rface s o f a bu ild ing and  can  b e  b ro ad ly class ifie d  in to  tw o  

cate go rie s :  

• ‘h o rizo n tal gre e n ’ o r ‘gre e n  ro o f’ and   

• ‘v e rtical gre e n ’ o r ‘gre e n  w alls ’ 

Le av ing asid e  ‘gre e n  ro o fs’, in  w h ich  a ro o f is fu lly o r partly 

co v e re d  w ith  a laye r o f v e ge tatio n , th e  ‘gre e n  w all’ is a w all th at 

is partially o r com p le te ly co v e re d  w ith  v e ge tatio n , th at are  

e ith e r fre e stand ing o r stand  w ith  su ppo rt, w ith  th e ir ro o t 

system  e ith e r in  so il o r in  som e  o th e r in o rgan ic o r o rgan ic 

grow ing m e d iu m .  Th e  po te n tial o f w alls as gre e n  space  is m u ch  

h igh e r th an  th e  ro o f b e cau se  th e  e xte n t o f su rface  gre e n ing are a 

can  b e  m u ch  h igh e r fo r th e  w alls th an  th e  ro o f.  Th is is e sp e cially 

tru e  fo r tall o r h igh -rise  bu ild ings and  it is th at th e  gre e n  w all 

are a m ay b e  as h igh  as 20 tim e s th e  ro o f are a [1 1 ].   

Th u s , in  th e  co n te xt o f gre e n ing o f a city, th e  gre e n  

co v e rage  by w alls can  po te n tially b e  m u ch  m o re  th an th e  gre e n  

co v e rage  d u ring th e  p re -e xisting state  o f u rban izatio n .  G re e n  

w alls can  b e  su bd iv id e d  in to  tw o  m ajo r gro u p s :  

• gre e n  façad e  

• liv ing w all 

A s h as b e e n  m e n tio n e d  e arlie r, gre e n  w alls (b o th  gre e n  

facad e s and  liv ing w alls ) can  bo lste r th e  e n v iro nm e n tal se rv ice s 

in  th e  co n te xt o f u rban izatio n .  Th ro u gh  an  e xte n siv e  re v iew  o f 

lite ratu re , th e  e ffe cts o f gre e n  w alls h av e  b e e n  class ifie d  in to  

fo u r gro u p s : sh ad e  e ffe ct, co o ling e ffe ct, w ind  barrie r e ffe ct and  

in su latio n  e ffe ct [1 1 ].  G re e n  w alls re d u ce  th e  façad e  

tem pe ratu re  d u e  to  sh ad ing and  co o ling th ro u gh  

e v apo tran sp iratio n .  Th e  sh ad ing e ffe ct re su lts fro m  th e  

in te rce p tio n  o f th e  so lar rad iatio n  by th e  p lan ts .  Th e  co o ling 

re su lts d u e  to  e v apo ratio n  o f w ate r from  th e  su b strata and  from  

th e  le av e s in  add itio n  to  th e  sh ad ing by th e  p lan ts .  Th e  w ind  

barrie r e ffe ct o r th e  re d u ctio n  in  air v e lo city by th e  fo liage  h e lp s 

re d u ce  th e  h e at flu x and  air in filtratio n  b e tw e e n  th e  in te rio r and  

e xte rio r o f a bu ild ing and  h e lp s re d u ce  th e  e n e rgy co n su m ptio n  

[1 1 ].  

3.3 Standards in the Thermal Comfort Assessment for 
Tropics 

Many o f th e  In te rn atio n al Stand ard s p ro d u ce d  are  fo u nd  to  

b e  in ad e qu ate  fo r d e scrib ing th e  com fo rt co nd itio n  in  th e  

tro p ical clim ate .  On e  o f th e  in te rn atio n al stand ard s fre qu e n tly 

u se d  fo r in d o o r clim ate  co nd itio n  is ISO7730base d  o n  Fange r’s  

pre d icte d  m e an  v o te  (PMV/ PPD) e qu atio n .  Th e  e qu a tio n  o f th e  

fo rm u la is app lie d  to  d e riv e  a nu m e rical valu e  d e p icting th e  

com fo rt co n d itio n s base d  o n  th e  A SHRAE scale .  Th e  air 

tem pe ratu re  o f 300 Ce ls iu s is co n sid e re d  n o rm al fo r th is clim ate  

and  th e  air m o v em e n t o f m o re  th an  1  m / s is d e s irab le  to  re lie v e  

th e  h e at.  Th e se  tw o  figu re s are  se t u p  as th e  u pp e r lim its in  th e  

fo rm u la .  A n o th e r re aso n  th at m ay h av e  an  e ffe ct to  th e  re su lt is 

th e  co nd u cting m e th o d  o f th e  e xp e rim e n t.  Mo st o f th e  

m e asu rem e n t is base d  o n  th e  clo se -lab  e n v iro nm e n t.  In  re ality, 

su ch  e n v iro nm e n t is rare ly av ailab le  and  in  m any fie ld  stu d ie s , 

a facto r o f ad ap tab ility is part o f th e  facto r w h ich  is n o t in  th e  

e n v iro nm e n t th at is fu lly co n tro lle d .   

4 RESEARCH METHODOLOGY 
Th e  ch o se n  gre e n ing system s fo r th is re se arch  are  base d  o n  

d iffe re n t ch aracte ristics su ch  as m ate rials u se d , p lan t type  and  

bu ild ing h e igh t.  Du e  to  th e  ch aracte ristics o f e ach  in v e stigate d  

gre e n ing system  it is  h yp o th e siz e d  th at th e re  is a d iffe re n ce  o n  

th e  m icro clim ate  (air, su rface  tem pe ratu re  and  w ind  sp e e d ) 

aro u nd  and  in , be h ind  th e  gre e n  w alls .  To  fram e  th e  kn ow le dge  

base , p re v io u s th e rm al co nd itio n  re se arch e s , re le v an t to  

clim atic co nd itio n  o f Dh aka h av e  b e e n  stu d ie d .  Th e  stu d y w as 

co nd u cte d  th ro u gh  tw o  m ain  ph ase s .  Th e  first ph ase  w as fie ld  

su rv e y and  th e  se co nd  w as so ftw are -b ase d  sim u latio n  analysis .  

• Th e  fie ld  su rv e ys  

• Sim u latio n  an alysis  

Th re e  re s id e n ce s w ith  th re e  typ e s o f gre e n  su rface  h av e  

b e e n  se le cte d  fo r th e  stu dy.  A t e ach  sp o t, m e asu rem e n ts o f air 

tem pe ratu re  (av e rage  v alu e  o f fo u r re ad ings) are  take n .  Th e  

stu dy w as p rim arily base d  o n , fie ld  d ata m e asu rem e n t, 

o b se rv atio n s , d iscu s s io n , co m pariso n  and  an alysis  o f d ata .  Th e  

air tem pe ratu re  d iffe re n ce  b e tw e e n  th e  bare  su rface  and  gre e n  

w all su rface s w as co n sid e re d  a sign ifican t ind icato r o f th e  

p e rfo rm an ce  o f th e  w all su rface .  W ith in  th e  lim ite d  p e rio d  o f 

tim e  fo r th e  stu dy, re s id e n tial are as o f sim ilar ph ysical fe atu re s  

w e re  ch o se n , to  m in im ize  th e  im pac t o f su rro u nd ings o n  th e  

tem pe ratu re  v ariatio n s .  On e  o f th e  case  bu ild ing w ill b e  

s im u late d  w ith  com pu te r-b as e d  sim u latio n  so ftw are  to  v alid ate  

th e  su rv e y d ata as w e ll.   A fte r th e  s im u latio n  th e  d ata w ill b e  

com pare d  w ith  th e  A SHRAE stand ard  to  ge t b e st re su lt and  
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app ly th is te ch n iqu e  in  fu rth e r re se arch  and  d e v e lo pm e n t o f 

bu ild ing se cto r.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5 FIELD SURVEY IN CONTEXT OF DHAKA 
Th e  fie ld  su rv e y w as co nd u cte d  o n  27th  A u gu st w h ich  w as 

a m o d e rate  su nny d ay.  th e  su rv e y d ate  w as se le cte d  rand om ly .  

Tem pe ratu re  d ata o f ind o o r space  (b o th  in  gre e n  façad e  and  

bare  façad e ) w as take n  from  1 2 pm  to  4pm  w ith  Hygro -

Th e rm om e te r.  From  th e se  d ata it is o b se rv e d  th at in d o o r 

tem pe ratu re  o f flo o rs in  d iffe re n t case s rem ain s h igh e r in  bare  

facad e  th an  gre e n  façad e  o f d ay tim e  (aro u nd  1 2. 00 p .m .  to  4 

p .m . ).  Th e  case s h av e  gre e n  w alls o n  d iffe re n t su rface s  

acco rd ing to  n o rth  so u th  e ast w e st p o sitio n .  A t e ach  sid e  th e  

tem pe ratu re  co u n t w as d iffe re n t fo rm  e ach  o th e r.  Th e  th re e  

su rv e y case s w ith  th re e  d iffe re n t typ e s o f su rface  tre atm e n ts 

acco rd ing to  th e  p lan t variatio n  are  base d  o n  th e  b rick w all 

su rface .  Th e  su rv e y case s are  as b e low : 

5.1 Case Study 1 

• Orie n tatio n : So u th -East Facad e  

• Plan t typ e : C re e p ing Fig, Ficu s pu m ila : “ Tro p ical Iv y ”  

• Plan t co nd itio n : We ll grow n , n o t com p le te ly co v e re d  

façad e  (co v e ring th ickn e s s 5 cm ) 

• Plan t age : Be tw e e n  4 and  5 ye ars o ld  

• Su pp o rting m ate rial: Wall facad e  

• A ir cav ity b e tw e e n  façad e  and  le av e s : 0 cm  

• Bu ild ing m ate rial façad e : Maso n ry (c lay b ricks) 

• Lo catio n : De n se  u rban  are a (Dh anm o nd i re s id e n tial 

are a) 

• Ro o f h e igh t:1 7m  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: a. Location of the building in google map 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A t th is re s id e n ce  th e  air tem pe ratu re s are  take n  o n  se co nd  

flo o r o n  th e  so u th  e ast co rn e r by th e  m e te r fo r ind o o r space s .  

Figu re  4 is p re se n te d  to  sh ow  th at th e  se co nd -flo o r d ata h as 

b e e n  co lle cte d  in  th e  co rn e r ro om  w h e re  th e  gre e n  w all h as 

co v e re d  th e  b e d ro om  part.  Ind o o r air tem pe ratu re s are  

co lle cte d  from  1m  abo v e  th e  flo o r le v e l (Figu re  6).  It w as 

o b se rv e d  th at th e  re lativ e  h u m id ity (75-77% ) w as co n stan t in  

th e  d ata co lle ctio n  tim e .  Th e  gre e n  w all-Y and  Bare  w all-X are  

m arke d  in  th e  p lan  Figu re  5.  To  u nd e rstand  th e  p o in ts o f 

tem pe ratu re  co u n t.  Maxim um  ind o o r tem pe ratu re  o n  th is flo o r 

is fo u nd  33 . 30°C o n  bare  façad e  and  32. 80°C at 2 p .m .  o n  gre e n  

co v e re d  space  (Tab le  1 ).  On  th e  o th e r h and , th e  Min im um  

ind o o r tem pe ratu re  o n  th is flo o r is fo u nd  32. 50 °C o n bare  

façad e  and  32. 1 0°C at 4 p .m .  o n  gre e n  co v e re d  space  (Tab le  1 ).

Figure 1: Direct 
green facade with 
Climbing Fig 

Figure 2: indirect 

green facade with 
Bougainvillea plant 

Figure 3: Green 

Facade with 

Epipremnum 

aureum 

Figure 4: b. Building 

Figure 5: Plan of the building part covered with green wall 

 

Figure 6: Section of the room with green wall 

 

1m height  
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Table 1: Measured data from field survey: average hourly indoor 

temperature in Bare wall and Green wall  

 
Figure 7: Measured data from field survey: average hourly indoor 

temperature in Bare wall and Green wall 

Th e  G re e n  Façad e  is bu ilt n atu rally w ith  ce ram ic b rick w all.  

Th e  gre e n  w all is m ain ly co v e re d  w ith  C lim b ing Fig o r 

Cre e p ing Fig, Ficu s pu m ila : “ Tro p ica l Iv y”  (Figu re  7).  Ficu s  

pu m ila (cre e p ing fig o r clim b ing fig) is a sp e cie s o f flow e ring 

p lan t in  th e  m u lb e rry fam ily, n ativ e  to  East A sia (Ch in a, Japan , 

Vie tn am ) and  natu ralize d  in  parts o f th e  so u th  e aste rn  and  

so u th -ce n tral Un ite d  State s .  It is also  fo u n d  in  cu ltiv atio n  as a 

h o u se p lan t.  Th e  e tym o lo gy o f th e  sp e cie s n am e  co rre sp o n d s to  

th e  Latin  w o rd  pu m ilu s m e an ing dw arf, and  re fe rs to  th e  v e ry 

sm all le av e s o f th e  p lan t.  Th is p lan t h e lp s to  re d u ce  th e  air 

tem pe ratu re  and  cre ate  th e rm al com fo rt in sid e  th e  re s id e n ce .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.2 Case Study 2 

• Orie n tatio n : No rth  co rn e r Facad e  

• Plan t typ e : C lim b ing Bo u gain v ille a  

• Plan t co nd itio n : We ll gro w n , n o t com p le te ly co v e re d  

façad e  (co v e ring th ickn e s s 5 cm ) 

• Plan t age : Be tw e e n  4 and  5 ye ars o ld  

• Su pp o rting m ate rial: G re e n  facad e  co n sists o f a cab le  

system  m ad e  from  ju te  ro p e .  

• A ir cav ity b e tw e e n  façad e  and  le av e s :25. 4 cm  

• Bu ild ing m ate rial façad e : Maso n ry (c lay b ricks) 

• Lo catio n : De n se  u rban  are a (Dh anm o nd i re s id e n tial 

are a) 

• Ro o f h e igh t: 21m  

 

 

Figu re  9: a .  Lo catio n  o f th e  bu ild ing in  go o gle  m ap  

 

Figu re  9: b .  Bu ild ingFigure 8: The climbing fig or creeping fig on the wall surface 
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A t th is case  re s id e n ce  th e  air tem pe ratu re s are  take n  o n  

Se co nd  flo o r o n  th e  n o rth  w e st co rn e r façad e  by th e  h ygro -

m e te r fo r ind o o r space s .  Figu re  9 is h e re  to  p re se n t th at th e  d ata 

h as b e e n  co lle cte d  in  th e  co rn e r ro om  w h e re  th e  gre e n  w all h as 

co v e re d  th e  b e d ro om  part and  th e  b e d ro om  b e sid e  it w h ich  is  

alm o st in  th e  n o rth  w e st part o f th e  bu ild ing.  Ind o o r air 

tem pe ratu re s w e re  co lle cte d  from  1m  abo v e  th e  flo o r le v e l 

(Figu re  1 0).  It w as o b se rv e d  th at th e  re lativ e  h u m id ity (79% ) 

w as co n stan t in  th e  d ata co lle ctio n  tim e .  Th e  gre e n  w all-Y and  

Bare  w all-X are  m arke d  in  th e  p lan  Figu re  9.  To  u nd e rstand  th e  

po in ts o f tem pe ratu re  co u n t.  Maxim um  ind o o r tem pe ratu re  o n  

th is flo o r is fo u n d  33 . 1 0°C o n  bare  façad e -X and  32. 70°C o n  

gre e n  co v e re d  space -Y (Tab le  2) at 2 p .m .  On th e  o th e r h and , 

th e  Min im um  ind o o r tem pe ratu re  o n  th is flo o r is fo u nd  32. 60°C 

o n  bare  façad e  and  32. 1 0°C at 4 p .m .  o n  gre e n  co v e re d  space  

(Tab le  2).  

 

 
Table 2: Measured data from field survey: average hourly indoor 

temperature in Bare wall and Green wall 

 

Figure 12: Measured data from field survey: average hourly indoor 

temperature in Bare wall and Green wall 

Bo u gain v ille a is th e  p lan t w h ich  h as grow n  o v e r th e  b rick 

w all in  th is bu ild ing.  Bo u gain v ille a is a ge n u s o f th o rny 

o rn am e n tal v in e s , bu sh e s , and  tre e s w ith  flow e r-like  sp ring 

le av e s n e ar its flow e rs .  Diffe re n t au th o rs acce p t b e tw e e n  fo u r 

and  1 8 sp e cie s  in  th e  ge n u s .  Th e  v in e  sp e cie s grow  anyw h e re  

from  1  to  1 2 m  (3 to  40 ft. ) tall, scram b ling o v e r o th e r p lan ts w ith  

th e ir sp iky th o rn s .  Th e  th o rn s are  tip p e d  w ith  a b lack , w axy 

su b stan ce .  Th e y are  e v e rgre e n  w h e re  rain fall o ccu rs all ye ar, o r 

d e cid u o u s if th e re  is a d ry se aso n .  Th is tre e  is grow ing v e ry fast 

in  th is bu ild ing.  Th e  air cav ity is cre ate d  h e re  b e cau se  o f th e  in  

b e tw e e n  gap  o f th e  w all su rface  and  p lan ts .  Th e  tem pe ratu re  

cre ate s a little  v ariatio n  fo r th e  p re se n ce  o f th e  p lan t in  th e  w all 

su rface .  

5.3 Case Study 3:  

• Orientation: North Facade 

• Plant type: Climbing Golden Queen 

• Plant condition : Well grown, not completely covered 

façade 

• Plant age: Between 2 and 3 years’ old 

• Supporting material: Green facade on the wall surface 

• Air cavity between façade and leaves: 5cm 

• Building material façade : Masonry (clay bricks) 

• Location: Dense urban area (Banani residential area) 

• Roof height: 13m 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: a. Location of the building in google map

Figure11: Section of the bedroom space of Temperature count 

 

Figure10: Plan of the building part covered with green wall 

 

1m height  
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Figure13: b. Building 

 

 
Figure 14: The temperature is taken in the green façade-X wall and Bare 

Façade-Y wall 

 

Figure 15: Section of the bedroom space of Temperature count 

A t th is case  re s id e n ce  th e  air tem pe ratu re s are  take n  o n  first 

flo o r o n  th e  n o rth  w e st co rn e r façad e  by th e  h ygro -m e te r fo r 

ind o o r space s .  Figu re  1 3 is h e re  to  p re se n t th at th e  d ata h as b e e n  

co lle cte d  in  th e  co rn e r ro om  w h e re  th e  gre e n  w all h as co v e re d  

th e  b e d ro om  part and  th e  b e d ro om  b e sid e  it w h ich  is alm o st in  

th e  n o rth  part o f th e  bu ild ing.  Ind o o r air tem pe ratu re s w e re  

co lle cte d  from  1m  abo v e  th e  flo o r le v e l (Figu re  1 5).  It w as  

o b se rv e d  th at th e  re lativ e  h u m id ity (76% ) w as co n stan t in  th e  

d ata co lle ctio n  tim e .  Th e  gre e n  w all-Y and  Bare  w all-X are  

m arke d  in  th e  p lan  Figu re  1 4.  To  u nd e rstand  th e  po in ts o f 

tem pe ratu re  co u n t.  Maxim um  ind o o r tem pe ratu re  o n  th is flo o r 

is fo u nd  32. 40°C o n  bare  façad e -X and  31 . 50°C o n  gre e n  co v e re d  

space -Y (Tab le  3 ) at 2 p .m .  On  th e  o th e r h and , th e  Min im um  

ind o o r tem pe ratu re  o n  th is flo o r is fo u nd  29. 50 °C o n bare  

façad e  and  29. 70°C at 4 p .m .  o n  gre e n  co v e re d  space  (Tab le  3 ).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ep ip rem nu m  au re u m  is a sp e cie s o f flow e ring p lan t in  th e  

fam ily o f A race ae , n ativ e  in  Mo 'o re a, Fre n ch  Po lyn e sia .  Th is  

p lan t is in  th is case  stu dy bu ild ing’s n o rth  w all.  Th e  sp e cie s is a 

po pu lar h o u se p lan t in  tem pe rate  re gio n s , bu t h as also  b e com e  

n atu ralise d  in  tro p ical and  su b -tro p ical fo re sts w o rldw id e , 

1m height  

 

Figure 17: Epipremnum aureum 

Table 3: Temperature shown in Bare wall and Green wall 

 

Figure 16: Measured data from field survey: average 

hourly indoor temperature in Bare wall and Green wall 
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In clu d ing n o rth e rn  A u stralia , So u th e ast A sia , So u th  A sia , th e  

Pacific Is land s and  th e  We st Ind ie s , w h e re  it h as cau se d  s e v e re  

e co lo gical d am age  in  som e  case s .  Th e  p lan t h as a m u ltitu d e  o f 

com m o n  n am e s in clu d ing go ld e n  p o th o s , h u n te r's ro b e , iv y 

aru m , m o n e y p lan t, s ilv e r v in e , So lom o n  Is land s iv y and  taro  

v in e .  It is com m o n ly kn ow n  as m o n e y p lan t in  m any parts o f 

th e  Ind ian  su b co n tin e n t.  

6 COMPARATIVE ANALYSIS OF THE TEMPERATURE 

DATA 
Tab le s (1 ,2 and  3 ) are  sh ow ing th e  ch ange s o f tem pe ratu re  

o f ind o o r space s in  b o th  th e  co nd itio n  o f o u te r Bare  su rface  and  

o u te r gre e n  su rface  fo r th e  su m m e r p e rio d  in  th e  th re e  cas e s .  A s 

th e re  w e re  v ariatio n s in  th e  tem pe ratu re s o f th e  d iffe re n t tim e  

o f th e  su rv e y d ay, e xact tem pe ratu re  v alu e s w e re  n o t u se d  fo r 

th e  an alysis .  In  th is co nd itio n , th e  d iffe re n ce s b e tw e e n  th e  bare  

façad e  tem pe ratu re  and  gre e n  w all su rface  tem pe ratu re  in  

re s id e n tial u n its w e re  o b se rv e d .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Th e  com pariso n  in  b e tw e e n  th e  ch arts cle arly sh ow  th at th e  

n o rth  façad e  gre e n  w all co n tain s low e r tem pe ratu re  th e n  o th e r 

su rface s .  Bu t if w e  fo cu s o n  th e  so u th  w all, it’s cle ar th at th e  

tem pe ratu re  is low e r in  th e  gre e n  façad e  w all.  A lso , th e  

clim b ing fig le sse n s th e  tem pe ratu re  w ith  th e  d e p th  o f w all 

th ickn e ss alm o st 1 ’-6” .  Th e  se co nd  case  stu dy h as b o u gainv ille a 

wh ich  h ad  air cav ity in  b e tw e e n  w all and  gre e n  su rface .  Th e  

w ind  v e lo city m ay vary in  th is p o in t.  Th e  tem pe ratu re  v ariatio n  

is n o t m u ch  in  th is  case .  Th e  th ird  case  stu dy is d o n e  o n  th e  

n o rth  façad e  o f th e  w all w h e re  th e  tem pe ratu re  d iffe re n ce  is  

also  n o tice ab le .  Th is typ e  o f p lan t can  also  b e  a go o d  o p tio n  fo r 

gre e n  façad e .  

Und o u b te d ly, th e  m o st sign ifican t re su lt com e s o u t from  

th e  first case  stu dy w h ich  w as co nd u cte d  o n  th e  so u th  façad e  o f 

th e  bu ild ing.  A lso , th e  clim b ing fig is  m o re  e ffe ctiv e  th an  o th e r 

tw o  p lan ts .  Th e  tem pe ratu re  v ariatio n  sh ow s th at th e  clim b ing 

fig is m o re  e ffe ctiv e  o f bu ild ing façad e  w h ich  ke e p s th e  ind o o r 

air tem pe ratu re  low .  If th e  su rv e y w ill b e  d o n e  in  d e tail it can  

b e  an  in te n se  re se arch  to p ic to  b e  so lv e d .  Th e  o th e r tw o  gre e n  

façad e  co n tain  air cav ity .  If th e  air v e lo city is m e asu re d  in  d e tail 

th e n  it w ill b e  cle are r in  fu rth e r re se arch .     

7 SIMULATION STUDIES 
A  sim u latio n  stu dy w as u nd e rtake n  to  asse s s th e  e ffe cts o f 

v e ge tate d  w alls o n  th e  th e rm al p e rfo rm an ce  o f a bu ild ing.  A  

th e rm al m o d e l o f clim b ing p lan ts w as fo rm u late d  u sing 

AUTODESK ECOTECT e nv iro nm e n tal s im u latio n  so ftw are  

and  w as v alid ate d  again st th e  d ata o b tain e d  by fie ld  

m e asu rem e n ts .  Th e  sim u latio n  m o d e l is base d  o n  th e  av e rage  

w e ath e r d ata fo r Dh aka o v e r th e  last 1 0 ye ars , co lle cte d  from  

Banglad e sh  Me te o ro lo gical De partm e n t.  Th e  com pu tatio n al 

s im u latio n  co n tro l facto rs in clu d e  th e  so lar az im u th , th e  

bu ild ing lo catio n  & d istribu tio n  o f so lar irrad iatio n  fo r th e  

su bje cte d  bu ild ing w ith  gre e n  façad e  tre atm e n t o n  so u th  sid e .  

Th is m o d e l w as app lie d  to  a fu rth e r s im u latio n  stu dy  and  th e  

re su lts sh ow e d  th at p lan t co v e r im pro v e d  ind o o r th e rm al 

com fo rt in  bo th  su m m e r and  w in te r, and  re d u ce d  h e at gain s 

and  lo sse s th ro u gh  th e  w all stru ctu re .  

Fo r th e  s im u latio n  h e re  th e  first case  stu dy bu ild ing is  

se le cte d .  G re e n  facad e  is lik e  a sh ad ing d e v ice .  Th e  pan e l o f 

Visib le  Tran sm ittan ce  sam e  as gre e n  façad e  is app lie d  h e re  fo r 

th e  s im u latio n  pu rpo se .  Using som e  kind  o f Iv y and  w o u ld  

h av e  th e  sam e  tran spare n cy all ye ar lo ng.  In  th is s im u latio n  

p ro ce ss th e  tran sm ittan ce  o f 20%  is u se d  as th e  gre e n  façad e  by 

cre ating a laye r in  d istan ce  o f 30m m  from  th e  m ain  m o d e l 

m arke d  in  figu re  1 0_im age  02.  On e  th ing it w ill n o t acco u n t 

th o u gh , is th e  p o te n tial co o lin g e ffe ct th at p lan ts can  h av e  o n  

th e ir m icro -e n v iro nm e n t d u e  to  h igh e r le v e ls o f h u m id ity .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18: Comparison of the measured data collected 

from three case study with different types of plants 
 

Figure 19: Image 01_ Case Building selected for simulation without 

any green façade Image
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Figure 19: Image 02_ Case Building selected for simulation assumed with 
green façade on south wall of the building 

8 RESULT AND ANALYSIS 
From  th e  sim u latio n  d ata, it is o b se rv e d  th at w all su rface  

in stalle d  gre e n  d e cre ase s th e  in d o o r tem pe ratu re  o f m o st flo o r 

in  a large  am o u n t.   

In  case  o f Bare  façad e , th e  tem pe ratu re  in  2nd  and  6th  flo o rs  

are  sh ow n  in  th e  tab le  4 o n  27th  au gu st d ay tim e  o f th e  sum m e r 

p e rio d .  Th e  tem pe ratu re  is take n  in  d iffe re n t h o u rs o f th e  d ay.  

Th e  h igh e st tem pe ratu re  is 33 . 9°C and  34. 5°C re sp e ctiv e ly o n  

2nd  flo o r and  6th  flo o r at 3 p .m .  Th e  low e st tem pe ratu re  is  

m e asu re d  at 9 a .m .  w h ich  is 30. 5°C and  31 . 2°C re sp e ctiv e ly o n  

2nd  flo o r and  6th  flo o r.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4: Simulation Result in Bare Façade on 2nd floor and 6th floor 

In  case  o f G re e n  façad e , th e  tem pe ratu re  in  2nd  and  6th  

flo o rs are  sh ow n  in  th e  tab le  5 o n  27th  au gu st d ay tim e  o f th e  

su m m e r p e rio d .  Th e  tem pe ratu re  is take n  in  d iffe re n t h o u rs o f 

th e  d ay.  Th e  h igh e st tem pe ratu re  is 32. 3 °C and  33 . 1 °C 

re sp e ctiv e ly o n  2nd  flo o r and  6th  flo o r at 3 p .m .  Th e  low e st 

tem pe ratu re  is m e asu re d  at 5 p .m .  w h ich  is 29. 5 °C and  30. 1 °C 

re sp e ctiv e ly o n  2nd  flo o r and  6th  flo o r.           

 

 

 

 

Table 4: Simulation Result in Green Façade on 2nd floor and 6th floor 

Maxim um  av e rage  ind o o r tem pe ratu re  is fo u nd  h igh e st at 

3 pm , w h ich  is 33 . 90°C in  bare  facad e .  Maxim um  av e rage  

ind o o r tem pe ratu re  is fo u nd  h igh e st at 3 pm , w h ich  is 31 . 80 °C 

in  gre e n  co v e re d  façad e  o n  2nd  flo o r.  Maxim um  av e rage  ind o o r 

tem pe ratu re  is fo u nd  h igh e st at 3 pm , w h ich  is 33 . 1 0 °C in  gre e n  

co v e re d  façad e  o n  6th  flo o r.  He re  av e rage  tem pe ratu re  

d iffe re n ce  in  h o u rly tem pe ratu re  p ro file  is fo u n d  1 . 20 °C in  th e  

p re se n ce  o f gre e n  façad e .  So  u nd o u b te d ly, it’s cle ar th at th e  

tem pe ratu re  d iffe re n ce  in  2nd  flo o r is gre ate r th an  th e  6th  flo o r 

tem pe ratu re .  

Th e  com pariso n  o f th e  s im u latio n  re su lts o f 2nd  flo o r and  

6th  flo o r is sh ow n  in  figu re  20 and  figu re  21  re sp e ctiv e ly .  

 

 
Figure 20: Comparison of the Simulation results shown in Bare wall and 

Green wall on 2nd floor 

Th e  com pariso n  (Figu re  22) o f th e  tem pe ratu re  o f ind o o r 

space  o f th is s im u latio n  w ith  gre e n  façad e  and  w ith o u t gre e n  

façad e  cle arly state  th at, o n  th e  se co nd  flo o r th e  tem pe ratu re  

d iffe re n ce  is n o tice ab le  th an  th e  6th  flo o r.  A s th e  ro o f 

tem pe ratu re  is an o th e r fact fo r th is in  th e  6th  flo o r.  

Sign ifican tly, u sing th e  gre e n  su rface  o n  th e  o u te r w all in  th e  

co n te xt o f Banglad e sh  th e  in d o o r tem pe ratu re  can  b e  re d u ce d .
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12 DISCUSSION 

A cco rd ing to  th e  A SHRAE stand ard , th e  air tem pe ratu re  o f 

300 Ce ls iu s is co n sid e re d  n o rm al fo r th is clim ate  and  th e  air 

m o v em e n t o f m o re  th an  1  m / s is d e sirab le  to  re lie v e  th e  h e at.  

From  th e  fie ld  su rv e y and  sim u latio n  analysis w e  h av e  go t a 

cle ar o u tpu t th at th e  o u te r w all co v e re d  w ith  gre e n  o r v e rtical 

v e ge tatio n  can  re d u ce  th e  ind o o r tem pe ratu re  o f a re s id e n tial 

bu ild ing and  in cre ase  com fo rt fo r th e  u se rs .  

From  th e  tab le  6 it is n o tice ab le  th at th e  tem pe ratu re  in  th e  

2nd  flo o r re d u ce s  u p  to  20C and  o n  th e  to p  flo o r it can  re d u ce  

u p  to  1 . 40C , w h ich  is v e ry m u ch  e ffe ctiv e  in  th e  su m m e r p e rio d  

and  also  w in te r p e rio d  in  th e  tro p ical co n te xt o f Banglad e sh .  

10 CONCLUSIONS 
Gre e n  e n v e lo p e  m o d e l w as in te grate d  in  th e  tran sie n t 

bu ild ing sim u latio n  p ro gram  ECOTECT.  Th e  m o d e l, alre ad y 

v alid ate d  alo n e  w ith  e xp e rim e n tal d ata, is co u p le d  to  a bu ild ing 

m o d e l.  Th e  co u p le d  m o d e l d e v e lo p e d  h e re  giv e s go o d  

agre em e n t w ith  su m m e r co nd itio n s’ e xp e rim e n tal d ata .  Th e  

th e rm al d ynam ic sim u latio n  stu dy d o n e  fo r v ario u s co nd itio n s , 

w ith  th e  p ro po se d  m o d e l, h igh ligh ts th e  s ign ifican t im pacts o n  

tem pe ratu re  re d u ctio n , e sp e cially in  tro p ical clim ate .  Th e  gre e n  

w alls d e cre ase  th e  su rface  h e at tran sfe r from  in d o o r to  o u td o o r 

and  th e  façad e  su rface  tem pe ratu re .  A s a re su lt, th e  gre e n  w alls 

w ill co n tribu te , also , to  th e  u rban  m icro clim ate  m itigatio n .  In  

add itio n , re al m e te o ro lo gical d a ta sh o u ld  b e  u se d  to  b e  ab le  to  

m ake  ab so lu te  com pariso n s .  Th is w o rk is o ngo ing, and  a 

sp e cific m o d e l o f u rban  canyo n  is u nd e r d e v e lo pm e n t so  as to  

u se  re alistic m icro clim atic d ata .  

In  th e  stu dy p ro ce ss th e  in d o o r air tem pe ratu re  is  

m e asu re d  to  com pare  in  w h ich  co nd itio n  th e  com fo rt can  b e  

ach ie v e d .  A cco rd ing to  th e  s tand ard  th e  to le rab le  tem pe ratu re  

is 30o C fo r tro p ical clim ate .  A fte r th e  su rv e y and  sim u latio n , it 

can  b e  e n su re d  th at gre e n  su rface  can  re d u ce  th e  in d o o r 

tem pe ratu re  o f re s id e n ce  b u ild ings in  Dh aka city .  Th o u gh  

fu rth e r d e tails re se arch  is n e e d e d  to  ju stify th is to p ic m o re  and  

u se  it fo r d e sign  p ro ce s s in  th e  re s id e n tial and  com m e rcial 

bu ild ings as w e ll.  Th is v e rtical gre e n ing system  o f gre e n  

su rface s can  co n tribu te  to  re du ce  tem pe ratu re  in  th e  u rban le v e l 

o f Dh aka city n ow  a d ays .   

11 DEDICATION 
I d e d icate  th is re se arch  w o rk to  m y fam ily and  frie nd s w h o  

alw ays in sp ire  m e  m o st.  A  sp e cial gratitu d e  to  m y pare n ts w h o  

h av e  n e v e r le ft m y sid e  and  alw ays giv e  su ppo rt and  

e n co u ragem e n t.  
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Figure 21:  Comparison of the Simulation results shown in Bare wall 
and Green wall on 6th floor 

Table 5: Highest indoor temperature on 27th august for 2nd floor and 
6th floor of this residence with and without green surface on outer 

wall 

Figure 22: Highest indoor temperature on 27th august for 2nd floor 
and 6th floor of this residence with and without green surface on 

outer wall 
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