
Energy Efficient Windows and Their Impact on Buildings

Mahesh Chand Singh 

Centre for Energy Studies

Submitted

In fulfillment of the requirements of the degree of 

Doctor of Philosophy

Indian Institute o f Technology Delhi 

January, 2009

to the





DEDICATED TO

MY MOTHER

L>at£ §hanti f)^vi



CERTIFICATE

This is to certify that the thesis entitled Energy Efficient Windows and Their Im pact 

on Buildings, being submitted by Mahesh Chand Singh to the Indian Institute of 

Technology, New Delhi for the award of degree o f Doctor of Philosophy in Centre for 

Energy Studies, is a record of bonafide research work carried out by him under my 

supervision and guidance. The research reports and results presented in the thesis have 

not been submitted, in parts or in full, to any other university or institute for the award of 

any other degree or diploma, to best of my knowledge.

Date:
Place: Centre for Energy Studies,

Indian Institute of Technology Delhi 
New Delhi



ACKNOWLEDGEMENTS

I would like to express my heartfelt gratitude to my guide Dr. S. N. Garg for his 

invaluable guidance throughout the research work. He has not only guided me but also 

given me continuous encouragement and taught me to work properly to make best use of 

time.

My heartful thanks go to Prof. S.C. Kaushik, Head, Centre for Energy studies, for 

providing necessary support, encouragement and other administrative help.

I am also very grateful to Prof. T. C. Kandpal, Prof G. N. Tiweari, Prof Avinash 

Chandra, Prof. S. C. Mullik, Prof. H .P. Garg, and other faculty members, staff of CES, 

my lab in-charge Y. P. Singh and Dr. H. K. Malik, Deptt. of Physics, who helped me at 

various stages.

My special gratitude to Mr. Manish Shrivastav, Regional Manager, Saint-Gobain glass 

India Limited, New Delhi, to provide spectral data and other necessary information about 

window glazings.

I am also thankful to my research colleagues Mr. S. Raj Kumar, Mr. Lakshmi Narain 

and Mr. S. L. Arora for various discussions about research and my brother - in- law,

Mr. Chandra Prakash, for typing and other computer work.

I would like to convey my deep gratitude to my wife Mrs. Pratibha Singh, for lot of 

cooperation, creating loving encouragement and environment, to my father Shri Ganga 

Bishan Singh and brother Shri C. P. Singh and other family members who encouraged



me from time to time so that I had enough time for my research work. I have great regard 

in my heart for their sacrifices.

At last, I want to say thanks to all those who are not mentioned here by names and who 

helped me directly or indirectly.

Mahesh Chand Singh



ABSTRACT

Windows are integral part of buildings and accounts for about 30% loss o f thermal 

energy. Since the energy crisis of 1970s, energy performance of windows has improved 

significantly, with the introduction o f multiglazed windows such as low-e windows and 

solar control windows. In India, there are several manufacturers o f advanced windows, 

like Saint-Gobain Glass India Ltd. New Delhi, DCM Sri Ram Fenesta Group, New Delhi 

and Sintex Plastics, New Delhi. To use energy most judicious by Government of India 

has passed, Energy Conservation Act in 2001 and promulgated Energy Conservation 

Building Code (ECBC) in 2007.

In the opening chapter ( chapter-1), objective of the thesis, characteristics of windows, 

different softwares related to window energy simulation, literature survey and 

organization of thesis are described.

Chapter-2 describes the impact o f windows on human thermal comfort. Fifteen 

different glazing systems, ranging from 3mm single glazed clear glass to double glazed 

with low-e and solar control coating , have been analysed. Thermal comfort is measured 

in terms of PMV (Predicted Mean Vote) and PPD (Predicted Percentage o f Dissatisfied). 

Study encompasses six climatic zones of India. By using OPTICS 5.0 and WINDOW 5.0, 

U-values, Solar Heat Gain Coefficient, inside glazing surface temperatures and inside 

solar radiation, have been computed. Depending upon different climatic zones, six sets of 

different design conditions, in terms of ambient temperatures, solar radiation and wind 

velocity, have been chosen. Typical values of metabolic rate and clothing insulation taken 

are 1.2 met and 0.5 clo for summer and 1.0 met and 1.0 clo for winter, respectively.



Inside room air velocity is taken 0.15 m/s round the year. It is found that for cold station 

( e.g. Leh ) all glazings except solar control glazings, ensure thermal comfort and total 

PPD is less than 10 %. For warm and hot climates, solar control glazings are thermally 

suitable. Results for winter nights of Delhi show that all the 15 glazings are inadequate 

for thermal comfort and PPD, due to cold feeling, varies between 

27 % to 33 % approximately.

Chapter-3 is related to development of an empirical model to determine g-value at 

oblique angles of incidence. The requirements of the model are: g(o), g-value at normal 

incidence and number of panes in the glazing. The effect o f glazing type (clear, tinted or 

coated), thickness of glass and the number of panes, appear in g(o). Fresnel equations are 

used to calculate g-values at different angles of incidence and these values are treated as 

‘exact’. These calculations involve optical constants of each glazing (spectral refractive 

indices and spectral extinction coefficients) and then an empirical fit is found. The 

present model is compared to other three models, namely Monolithic model, Montecchi 

model and Karlsson model. The study includes nine types of glazings.

Next is described energy rating of different windows for Indian climatic conditions 

(chapter-4). Energy rating o f test window is done in terms of energy saving by it with 

reference to a base window (single glazed clear glass, 6mm). It is seen that energy saving 

depends upon window type, its orientation, type of building and climatic conditions. Ten 

different window types (including the base window) and five Indian climates are included 

in this study. Energy saving is expressed in analytical form, as a function o f window 

parameters ( U-value and g-value), buildings parameters, orientations factor and climate

v



factor. These equations are useful to the user in selecting the best window for a given 

climatic condition, building type and orientation.

Potential of daylighting in reducing electrical lighting load has been explored in 

chapter-5. The analysis has been carried out for four different types o f windows and for 

three different climatic conditions of India. The three climates considered in this study 

are: composite, hot and dry and warm and humid. Two Perez models have been used to 

estimate illuminance on horizontal as well as on vertical surfaces (this data is not 

available in India). Effect of different glazed areas, their orientation and that of climatic 

conditions, on the reduction in electric lighting load, has been analysed. The daylighting 

software, ADELINE 3.0, has been used for computation of lighting energy savings. It has 

been found that for a given climate and orientation, if  the window’s visible transmittance 

(VT) is low (less than 0.20) the energy saved due to daylighting increases with the glazed 

area; but if window transmittance is high ( more than 0.73), the saving almost remains 

constant with glazed area. Energy saved is highly dependent on the window type, being 

highest for double glazed clear glass window and lowest for reflective window. By using 

Perez model and by associating it with average daylight factor, daylighting energy 

savings have also been computed and compared with the ADELINE simulated results.

Chapter-6 deals with glass-curtain walls. In Indian metropolitan cities, there is recent 

trend to have front fafade completely glazed ( about 90%) and it is mainly from esthetic 

point of view. How does replacing a standard window (20 % glazed area) by a glass- 

curtain wall (90 % glazed area), affect the heating and cooling load of a building, is the 

subject matter of this chapter. The study includes five types of glazings, including low-e 

and solar control and three climates: Composite climate of New Delhi, hot and dry



climate of Jodhpur and warm and humid climate of Chennai. An administrative building 

is chosen for analysis which has inside temperature of 20 °C in winter and 25 °C in 

summer. The study includes effect of glazed area, orientation and that of climates, on 

annual energy consumption. It is seen that energy consumption increases linearly with the 

glazed area. Minimum energy consumption is for north orientation. For types of climates 

considered in this study, a glass-curtain wall, made of solar control glazing (reflective), 

consumes 6-8% less energy than the standard window.

In the last chapter, chapter-7, main conclusions drawn from chapters 2-6, are given. 

Recommendations and future work is also included here.

Towards the end of the thesis are given list of published / communicated work and 

references.
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