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Abstract 

The buildings are responsible for more than one-third of power consumption in India. Glass is one of the significant building 
enclosures to control cooling loads in buildings. This paper describes how various low emissivity glasses used for building 
windows affect thermal performance of green energy buildings. This paper presents the thermal performance of five double 
glazed low reflective window glass materials such as clear low reflective glass, bronze low reflective glass, green low reflective 
glass, grey low reflective glass and blue-green low reflective glasses. In this paper, mud brick buildings with five low emissivity 
glass material windows were designed in three different climatic zones of India such as warm and humid (Mangalore), hot and 
dry (Jodhpur) and composite (Hyderabad). The results showed that buildings with double glazed low emissivity grey glass 
window are found to be energy efficient from the least heat gain point of view among all buildings studied in three climatic zones 
of India.  
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1. Introduction 

     In building envelopes such as walls, roof and floors there is a time delay for reaching solar radiation to enter 
inside the building, but solar radiation enters through window glass directly into the building without any time 
delay. Hence the proper interest has to be focused on the right selection of glasses for building construction. 
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Previous authors have concentrated on different building and window glass materials to reduce heat gain into 
buildings. The effect of the variation in the intensity of light transmission with the angle of inclination of clear and 
tinted window glass was reported [1]. The effect of air space thickness within the external wall on decrement factor 
and time lag was studied in detail [2]. Thermal requirement of maximum window to wall ratio for seven cities in the 
U.S was studied earlier [3]. The optimum inward glass tilt of clear, bronze, green and reflective glasses was reported 
in the literature to reduce heat gain in buildings of Indian climatic regions [4]. The optical and thermal properties: 
transmittance and reflectance of low emissivity and multi glazing glasses were studied to model visual and thermal 
comfort in buildings [5]. The computations were done to calculate thermal transmittance, solar heat gain coefficient 
and visual transmission for various multi glazing window systems using air and argon as gas fills in Indian climates 
[6]. The studies on optimum insulation placement within the roof to reduce heat gain were carried out [7]. The 
performance optimization of the window - wall ratio of various glass materials was carried out and it was shown that 
the performance of low emissivity hollow glass is better than that of any other glass material studied [8]. A review 
of glazing technologies was also reported in the literature [9]. A numerical study to investigate air and argon gas 
flow and heat transfer characteristics of double, triple and quadruple pane windows with various gap spaces and 
different emissivity coatings on the surfaces was carried out [10].  

The present work presents the thermal performance of buildings built with mud brick and with different 
combinations of double low emissivity window glasses in different climatic regions of India.   

2. Methodology 

The building models were designed with an outer enclosure size of 3.5mX3.5mX3.5m in Design builder. Fig. 1. 
(a) Shows the building model with dimensions. Fig. 1. (b) Building model with 20% window-wall ratio. Fig. 1. (c) 
Building model with 40% window-wall ratio. Fig. 1. (d) Building model with 60% window-wall ratio. The external 
walls of the building were constructed with mud bricks with 0.2 m thickness. The mud bricks were plastered inside 
and outside with cement plaster of thickness as 0.0125m. The roofs of the buildings were built with reinforced 
cement concrete of thickness 0.15m. The roof of the building is plastered outside and inside with cement plaster of 
0.0125m. The floor was designed with dense concrete of thickness 0.15m. The cement plaster of 0.0125m was added 
at the top side of the floor. The window glasses were placed on the south wall due to less heat gain in the south 
orientation as compared to the other orientations.. The low emissivity glasses studied in this paper include double 
low emissivity clear glass, double low emissivity bronze glass, double low emissivity green glass,  double low 
emissivity grey glass and double low emissivity blue-green glass. The window-wall ratio maintained for building 
models are 20% (2m X 1.225m), 40% (2.45m X 2m) and 60% (3m X 2.45m) as per Indian standards [11]. The total 
forty five building models were designed. The thermal performance of building models was investigated in 
Hyderabad (Composite, 17.450N, 78.470E), Jodhpur (Hot & Dry, 26.300N, 73.020E) and Mangalore (Warm & 
Humid, 12.870N, 74.880E) climatic regions. Thermal analysis was carried out using Energy plus 8.1 for climatic 
regions of Hyderabad (Peak summer day May 15th), Jodhpur (Peak summer day June 21st)  and Mangalore (Peak 
summer day April 15th) on peak summer days of the year as per Indian standards [12, 13]. Table 1. shows thermo 
physical properties of building materials taken as per the Indian standards [14]. Table 2. shows solar thermal 
properties of different double low emissivity glasses taken as per the ASHRAE standards [15].  
The following are the equations involved in the computation of heat gain in buildings 
The total solar gain on any exterior surface is a combination of the absorption of direct and diffuse solar radiation 
and it is given by the Eq. (1) 

 

 = . . cos . Sw + . + .  (1)   

                                                                                                  
Where:  
    asol =solar absorptance of the surface  
    θ=angle of incidence of the sun's rays  
    Sw = surface area of the wall 
    Ss = sunlit area  
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