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Abstract 

This thesis evaluates the relative effectiveness of 	solar 

passive and energy conservation measures in the context of a one 

room building for four different climatic conditions prevalent in 

the country. The various measures considered are : (a) distribu- 

tion 	of 	insulation (resistive type) on walls and roof, (b) 

direct and indirect gains from south wall, (c) surface 

treatments of walls and roof, (d) stronger coupling to the 

ground and suitable treatment of the surrounding earth surface. 

The performance of the solar passive and energy conservation 

measures is evaluated for both airconditioned (wherein indoor 

air temperature is maintained constant) and non-airconditioned 

buildings. For an airconditioned building the performance is 

evaluated in terms of savings in the capital and running costs 

of the equipment on account of the reduction in heating and 

cooling loads by the applied measure. For non-airconditioned 

buildings, the performance is evaluated in terms of discomfort 

index measured in degree hours and is defined as follows : 

24 
Annual 	= Z=. 	T (Td  - TR) 4' 
Discomfort Index 	Heating 	t=1 

Season 

24 
+ 	r  (TR - Td)+  Cooling t=1 
Season 

where Td is the desired room temperature and 
	

denotes summa- 

tion of only positive hourly values for the period (month or 

year); Td  = 18°C for heating season and 30°C for cooling season. 



The results are based on computer simulation studies of the 

model building which is a room of normal size, viz., 6mX4mX2.7m, 

with a window of minimum area 2.4 m
2 (10% of the floor area as 

per statutory requirement) in the south wall and a door (1.2m X 

2.1m) in the west wall. The glass window is provided with wooden 

shutters. It is assumed that the shutters remain closed during 

summer days and winter nights and open otherwise, so 	as to 

minimize heat losses during winter and heat gain during summer. 

The materials and structure of the walls/roof of the building 

are assumed to be in concurrence with the prevalent building 

practices of the region. For the periodic nature of the climatic 

conditions the conductive heat transfer across the walls and roof 

with finite thermal storage capacity is calculated using the 

modified 	Fourier-Admittance method (Sodha et al., 1986). 	In 

general, 	ventilation at the rate of 1 air change per hour 

is assumed. But in hot climates ventilation at the rate of 	10 

air changes per hour during cooler summer nights and 3 	air 

changes per hour during winter days is assumed. Casual gains 

due to occupants are not considered. The constant 	indoor 

temperatures of the airconditioned model building are the 

calculated values of the monthly average steady state room 

'temperature for the model building without the use of any passive 

or conservation measures. For a given month the indoor air 

temperature 	is taken to be 18°C if the calculated monthly 

average air temperature for the model building is less than or 

equal to 18°C. Likewise, the room air temperature is taken to be 

o i 30 C if the calculated monthly average temperature for the model 

building is more than or equal to 30°C. For other months, the 

room air temperature of the airconditioned building is taken tc 
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be the calculated average temperature for the model building 

(without passive and conservation measures). The four different 

climates of the country for which performance of the one room 

building is evaluated are : composite, hot & dry, cold & humid, 

and cold & dry, typified by New Delhi, Jodhpur, Srinagar, and 

Leh, respectively. 

The study for airconditioned and non-airconditioned build-

ings includes : 

a) For airconditioned buildings : 

1.  Optimization 	of insulation thickness on walls and 

each of the four climates; 

roof for 

2.  Optimum 	distribution 	of insulation on walls and roof when 

the 	available amount for investment is less than that re 

quired for applying insulation of corresponding optimum 

thickness on each wall and roof (for all four climates); 

3. Optimization of south wall thickness (ordinary wall, black 

ened wall, and glazed wall) with insulation of optimum thick 

ness applied on other walls and roof for dry-cold and com 

posite climates. 

4. Optimization of south window area (in ordinary wall, black 

ened and glazed wall) with insulation of optimum thickness 

applied on other walls and roof for dry-cold and composite 

climates. 

5. Double optimization of south window area and south wall 

thickness (in ordinary wall, blackened wall, and Trombe wall) 

with insulation of optimum thickness applied on other walls 

and roof for dry-cold and composite climates. 



b) For non-airconditioned buildings : 

1. Effect of optimal distribution of given amount of insulation 

on walls and roof on the annual discomfort index, for each of 

the four climates. 

2. Effect of south wall thickness on the annual discomfort index 

with and without application of optimum thickness of insula 

tion on other walls and roof, for each of the four climates. 

3. Effect of south window area on the annual discomfort index of 

building, with and without application of optimum thickness 

of insulation on other walls and roof, for each of the four 

climates. 

4. Effect of suitable surface treatment of the exterior surfaces 

of walls and roof on the thermal performance of the building, 

for each of the four climates. 

5. Effect of strong earth coupling (sinking of building in 

earth) on the thermal performance of the building, alongwith 

treatment of earth surface, for each of the four climates. 

The thesis consists of eight chapters. In chapter 1, a 

general introduction to the work and review of relevant litera-

ture is presented. The model building, the four climates consid-

ered and, modified Fourier admittance method used in the thesis 

have been described in Chapter 2. The optimum thicknesses of 

insulation for the walls and roof of the airconditioned model 

building and optimum distribution of insulation over walls and 

roof, when 	available investment is less than that 	for appl 

ying optimum volume of insulation, are determined for all the 



V 

four 	climates considered. In Chapter 3, the effectiveness of 

south window area and the south wall thickness in reducing 

energy consumption in the air-conditioned model building is 

evaluated 	in terms of annual savings for two different cli- 

mates of the country,viz., composite and dry-cold, typified by 

New Delhi and Leh respectively. 

The case of non-air-conditioned model building is 

investigated in subsequent chapters for the four climates. In 

Chapter 4, the effect of optimally distributed insulation over 

the walls and roof on annual discomfort index is investigated. 

The variation of annual discomfort index with south window area 

and south wall thickness has been investigated, in Chapter 5. 

The effect of solar absorptivity and thermal emissivity 	of 

the building exterior surfaces on the annual discomfort index 

of a non air-conditioned model 	building is 	evaluated 	in 

Chapter 6. Chapter 7 considers the effect 	of strong earth 

coupling (sinking the building in the ground) on the annual 

discomfort index of a non-airconditioned model 	building. The 

effect of different surface treatments of the surrounding 

earth, appropriate to the climate at the site, on the thermal 

behaviour of the building is also evaluated. 

Finally the summary of the work and scope for further work 

are presented in Chapter 8. 
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