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ABSTRACT-Designing energy-eff icient  bui ldings in  hot and humid cl imates  can be a 

chal lenging task.  The high temperatures ,  humidi ty,  and intense solar  radiat ion in  

these regions can resul t  in  increased  energy consumption for  cool ing, 

dehumidif icat ion,  and l ight ing.  However,  t here are severa l  passive design s t rategies  

that  can be employed to minimize the energy consumption of  bui ldings in  hot  and 

humid cl imates .  This  paper  wil l  discuss  some of  these s t rategies  and provide case 

s tudies  to  i l lust rate their  effect iveness .  

PASSIVE DESIGN STRATEGIES:  

 Passive design s t rategies  use  natural  sources  of  energy to  reduce the  energy  

consumed in bui ldings.   
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Lechner (2014)  i l lust rates  the energy eff icient  s t rategies  in  form of “A Solar  Frui t  

Tree” s tat ing that  eff iciency is  the low -hanging frui t  as  seen in  Figure 1.  The “Solar  

Frui t  Tree” shows not  only al l  the major  solar  s t rategies ,  but  places  them at  various 

heights  in  relat ionship to  the order  in  which they should be picked.  “Some low -

hanging-frui t  s t rategies  are free or  can  even save m oney by reducing the ini t ial  cost  

of a bui lding” (Lechner,2014).  

In  hot  and humid cl imates ,  the fol lowing passive design s t rategies  are recommended:  

Orientation:  The orientat ion of  a  bui lding can s ignif icant ly impact  i ts  energy  

consumption.  Bui ldings that  are orien ted to  face north -south receive less  direct  

sunl ight ,  reducing heat  gain and cool ing loads.  Addi t ional ly,  bui ldings that  are  

oriented to  take advantage of  prevai l ing  winds can benefi t  f rom natural  vent i lat ion.  

Shading:  The use of  shading devices  such as  overhangs,  louvers ,  and  f ins  can  reduce 

direct  solar  radiat ion on windows and wal ls ,  thus minimizing heat  gain.  Exterior  

shading devices  are  more effect iv e than interior  shading devices  as  they prevent  the 

heat  from entering the bui lding in  the f i rs t  place.  

Natural  Venti lation:  Natural  vent i lat ion can be used to  cool  indoor spaces  by 

bringing in  cool  ai r  from outs ide and  exhaust ing warm air  from the bui ldin g.  This  

s t rategy is  most  effect ive in  regions with s ignif icant  diurnal  temperature swings.  

Bui lding design can be opt imized  to  encourage natural  vent i lat ion by providing 

operable windows and ut i l izing the s tack effect .  

Insulation:  Adequate insulat ion can h elp reduce heat  gain through the roof and wal ls 

of  a  bui lding.  This  reduces the cool ing load and energy consumption required to  

maintain a comfortable indoor temperature.  

Thermal Mass:  The use of  thermal  mass  materials  such as  concrete and s tone can  

help regulate indoor  temperature by  absorbing heat  during the day and releasing i t  at  

night .  This  can help reduce the need for  mechanical  cool ing systems.  
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Efficient Lighting:  The use of  energy-eff icient  l ight ing such as  LEDs and CFLs can  

reduce l ight ing energy consumption.  Addi t ional ly,  natural  day  l ight ing can be  

opt imized through bui lding design to  reduce the need for  ar t i f icial  l ight ing.  

Research Strategy  

The methods appl ied for  the research are analyt ical  where  a review of mass  housing 

was carr ied out  and ex perimental  research which involves  the computer  based 

s imulat ion to  quant i fy the energy  consumption of  the sample as  wel l  as  the  

manipulat ion of  the variables  to  evaluate the potent ial  impact  on the energy load for  

cool ing.  This  method was selected  as  appr opriate due to  i t s  characteris t ics  of  being a  

s tandard tool  for  conduct ing experiment  which also reveals  object ive resul ts .   

Sample description   

The sample selected  for  s tudy is  a  three -bedroom bungalow which is  a  typical  mass  

housing type for  the average  family in  Nigeria.  The wal l  construct ion method consis ts  

of  the convent ional  sandcrete blocks with plaster  on both s ides  while the roof is  a  

pi tch roof with long -span aluminum roofing sheet  covering.  Refer  to  Figures  2 and 3 

for  the f loor plan and cross -sect ion of  the bui lding.  

http://www.ijsrem.com/
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Building Simulation  

Energy Plus  tool  was used to  construct  a  base -case model  for  assessing the thermal  

performance of  the bui lding for  a  range of  dynamic thermal  s imulat ions.  The constant  

variables  throughout  the s imulat ion were bui lding act ivi ty  template,  occupied  f loor 

area,  occupancy,  ai r  t ightness  and l ight ing (LED -3.3W/m2 ) .   

Energy Simulation of  Base -Case Model   

The base -case model  was s imulated to  determine the annual  energy consumption for  

cool ing the bui lding.  The resul t  shows the cool ing load of  11245kWh. This  value 

http://www.ijsrem.com/
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would be used as  the base for  comparison after  applying the passive design measures  

to  improve the energy eff iciency of  the bui lding.   

Thermal Analysis  Using Passive Design Strategies   

The s t rategies  for  heat  avoidance were used with the aim of invest igat ing the effect  of  

employing free to  low cost  s t rategies  on the energy consumption for  cool ing th e 

bui lding.  The elements  were selected  based on passive  des ign s t rategies  sui table for  

the t ropical  cl imate of  Abuja.  Before applying these s t rategies ,  the wal ls  were  

replaced with a sustainable al ternat ive.  Compressed Earth Bricks was proposed to  be 

used in  place of  the  sandcrete blocks due to  i ts  cost  effect iveness  and bet ter  thermal  

propert ies .  A reduct ion in  cool ing load of  8% was achieved.   

Orientation  

The model  was analyzed  with the façade facing different  orientat ions in  where the  

North facing gave the least  amount  of  cool ing load.  This  gave a cumulat ive reduct ion 

of  12%.  

Color  

The review of l i tera ture reveals  that  by s imply changing the roof colour from red to  

reduces  heat  gain into the bui lding.  The s imulat ion resul ts  gave a lower roof 

temperature by  approximately 3oC.  A further  cumulat ive reduct ion in  cool ing load of  

16% was achieved.   

Window to Wall  Ratio(WWR)  

 To reduce the effec t  of  direct  solar  rad iat ion,  the east  and west  facing windows were  

reduced while increasing the s ize of  the  north facing windows to let  in  cool  ai r .  These  

changes resul ted in  overal l  lower window to wal l  rat io  from 24.8% to 21.4%. A 

cumulat ive reduct ion in  cool ing load of  19% was achieved.   

Shading  

Shading is  not free but  cost  effect ive due to  the amount  of reduct ion in  cool ing load 

achieved.  An extens ion of  roof overhang was proposed as  the most  sui table low cost  
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st rategy for  shading t he windows in this  analysis .  A depth of  1070mm was calculated  

to  shade the whole  window but  a  depth  of  1100mm was used to  further  shade part  of  

the wal ls  below the window si l l .  In  addi t ion,  venet ian bl ind was added to the outs ide 

of  the east  and west  facin g windows.  This  resul ted  in  a  cumulat ive reduct ion in 

cool ing load of  30%.  

CASE STUDIES: 

1.National University of Singapore (NUS) school of design and 

environment: 

The NUS School  of Design and Environment  is  a  green bui lding that  ut i l izes  several  

passive design s t rategies  to  minimize energy consumption.  The bui lding is  oriented  

north-south to  reduce heat  gain and take advantage of  prevai l ing winds.  Exterior  

shading devices  such as  f ins  and overhangs are  used  to  minimize direct  solar  radiat ion 

on windows and wal ls .  Addi t ional ly,  the bui lding has  a green roof that  helps  reduce 

heat  gain and improve thermal  comfort .  

2. Dau1 emu Cyprus 

The fol lowing energy eff icient  archi tectural  features  check -l is t  i s  used in  the 

assessment  of  DAU 1  EMU Cyprus  

( i )  Bui lding envelope  

( i i )  Natural  l ight ing  

( i i i )  Natural  vent i lat ion  

( IV) Landscape design  

(v)  Bui lding orientat ion  

(VI)Bui lding form  
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S.No .  VARIABLE  CHECKLIST  LEVEL OF APPLICATI ON  

      ABSENT  LOW  AVERAGE  HIGH 

1  
Bu i ld in g  

En v e lo p e  

Su i t ab i l i t y  o f  th e  

ma te r i a l s   t o  th e  

c l ima te  

    Y    

Use  o f  ex te rn a l  

i n su la t io n  
  Y      

Use  o f  l i g h t  

co lo u r s  
      Y  

2  
Na tu ra l  

L ig h t in g  

Wal l  t o  w in d o w  

r a t io  (4 0 %)  
    Y    

Use  o f  sp ec ia l ly  

t r an sp a ren t  g l a ss  
    Y    

3  
Na tu ra l  

Ven t i l a t io n  

Use  o f  o p en ab le  

win d o ws  
    Y    

4  
Lan d scap e  

Des ig n  

Use  o f  so f t  

l an d scap e  
    Y    

Use  o f  h a rd  

l an d scap e  
  Y      

5  
Bu i ld in g  

Or ien ta t io n  

Su n  Or ien ta t io n  

(Eas t  -Wes t )  
    Y    

    

Win d  Or ien ta t io n  

(So u th -Wes t  -  

No r th -Eas t )  

    Y    

6  
Bu i ld in g  

Fo rm  

Larg e  b u i ld ing  

su r f ace  a r ea  
  Y      
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CONCLUSION: 

As  we  s tudy  above  data,   i t   i s   conclude  that   passive  design  s t rategies  are very  

useful  in  bui lding sector  because of  this   no toxic   gases   release  in   the   

environment .   The key to  Designing  a  passive bui lding i s  to  take advantage of  the 

micro-cl imate .  

In  recogni t ion  of  the  impact  of  c l imate  change on  the  envi ronment ,  th is  s tudy 

inves t igated  the  ef fec t  of  low cos t  pass ive des ign s t ra teg ies  on the energy  

ef f ic iency .  From the  cases  s tudied  in  DAU1 EMU Cyprus,  i t  i s  apparent  tha t  much 

s t i l l  need  to  be  done in  applying the  concept  of  pass ive  design pr incip les  in  

enhancing  energy  ef f ic iency  in  univers i ty  dormi tory .  

This  research reveals  that  heat  avoidance is  the f i rs t  and most  important  passive 

s t rategy for  energy  eff icient  bui ldings.  These were best  achieved by picking the  

‘ lowest  hanging frui t ’  i .e .  beginning with the s imple and free s t rategies  before 

reaching the cost ly  ones.  
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