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The primary funcƟ on of building fenestraƟ ons known to humankind is 
to provide daylight, fresh air and view. However, with the emergence 
of mechanical systems, the purpose of space heaƟ ng and cooling, ven-
Ɵ laƟ on and lighƟ ng are widely fulfi lled arƟ fi cially. The comprehensive 
focus of this research is to invesƟ gate the role and evoluƟ on of win-
dows to date, the factors that have infl uenced them, its eff ect on hu-
man psychology and their contribuƟ on in creaƟ ng beƩ er living spaces. 
The Indian government’s scheme of construcƟ ng 20 million homes by 
2022 and about 15% rise in the use of air condiƟ oning per year in 
the urban and rural parts of India can be directly associated with the 
persistent shortage in electricity supply which has led to power cuts 
of about 16 hours per day in mostly the rural areas of the country and 
especially during the summer months (NaƟ onal Building Organiza-
Ɵ on, 2016), (The Hindu, 2013; Wolfram, 2012). Hence, it is of specifi c 
importance to undertake this research to understand how windows 
have evolved and what their role in the future might be, especially in 
relaƟ on to design and the aƩ ainment of comfort. This research will 
contribute by portraying ‘window’ as an adapƟ ve tool since they have 
the potenƟ al to create diversity, fl exibility and social interacƟ on along 
with providing thermal and visual comfort for its users. This will be 
achieved by examining and readdressing passive design elements prev-
alent in the tradiƟ onal Indian buildings, by documenƟ ng the current 
trend in window design and user preference, and by tesƟ ng the docu-
mented windows through computaƟ onal analysis to understand their 
impact on the thermal comfort in a modern residenƟ al unit seƫ  ng. 

The fi nal outcomes of this study that were achieved through fi eldwork 
and performance analysis strongly demonstrated the signifi cance of 
windows in improving the indoor thermal comfort. Moreover, the 
simulaƟ ons ascertained that the contribuƟ on of windows was more 
substanƟ al when they were a part of a holisƟ c design intervenƟ on 
that took into consideraƟ on window design, building materials, build-
ing form and orientaƟ on, building techniques, climaƟ c condiƟ ons, 
surrounding context and applicaƟ on of appropriate environmental 
controls. 

Key words: Window systems, adapƟ ve tool, building elements, natural 
venƟ laƟ on, passive strategies
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McKinsey Global InsƟ tute has projected that India will see a rise in 
its urban populaƟ on from 340 million in 2008 to 590 million by 2030, 
which is esƟ mated to be 40% of the total populaƟ on of India (Sankhe 
et al., 2010). Today, ciƟ es are responsible for 78% of the Green House 
Gas emissions due to highly modifi ed land use and concentrated ur-
ban acƟ viƟ es, which has led to Urban Heat Island (UHI) eff ect (Schia-
no-Phan et al., 2015). The maximum heat island intensity data report-
ed by Padmanabhamurty for some Indian ciƟ es are; 9.5K in Mumbai, 
10.0K in Pune, 4K in KolkaƩ a, 6.5K in Bhopal respecƟ vely (Santamouris 
et al., 2011). Hence, the demand for cooling in Indian ciƟ es is evident 
now more than ever due to the concentraƟ on of the high number of 
populaƟ on in the urban centers of the country.

In 2015, although the global air condiƟ oning market cooled down, the 
MEIA (Middle East, India and Africa) region showed a seven percent 
growth from 11.6 million units to 12.5 million units, the major contrib-
utor to which was India (McMahon, 2017; BSRIA, 2015). The reasons 
for the demand in air condiƟ oning systems in India were associated 
with rising business and consumer confi dence aŌ er the formaƟ on of 
the new government, growing real estate sector and growing income 
levels. Thus, with the prevalent air condiƟ oning purchases by the mid-
dle-income group, India has been experiencing a shortage in electric-
ity supply which has led to power cuts of about 16 hours per day in
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mostly the rural areas of the country and especially during the sum-
mer months (The Hindu, 2013; Wolfram, 2012). 

To reduce the energy consumpƟ on by air condiƟ oning units, new 
technologies are being developed. However, as cited by Cox (2010), 
producing energy effi  cient air condiƟ oning systems will not solve the 
energy over-consumpƟ on problem because with the increased effi  -
ciency we might use even more energy since the temperatures are 
geƫ  ng hoƩ er and the demand is increasing at a very fast pace along 
with the growing populaƟ on (Watson, 2010). With 10 to 15% rise in 
air condiƟ oner sales in India per year (Mooney and Dennis, 2016), 
mechanical cooling has dramaƟ cally discouraged the use of passive 
cooling strategies. Hence, the emerging ciƟ es of a developing naƟ on 
like India, are experiencing higher energy consumpƟ on issues which 
are responsible for changes in the weather paƩ erns with an increase 
in the intensity and frequency of climate change (Revi, 2008; Intergov-
ernmental Panel on Climate Change, 2014). 

Looking at the future populaƟ on growth, climaƟ c projecƟ ons and the 
rising energy demand, there is a need to reduce the reliance on me-
chanical cooling systems and introduce alternaƟ ve soluƟ ons. There-
fore, this research, lays an emphasis on the importance of occupant 
use of adapƟ ve tools such as ‘windows’ to achieve comfort in Indian 
households. Also, the reason this research focuses on ‘windows’ as an 
appropriate alternaƟ ve soluƟ on is that, apart from providing thermal 
comfort windows are also responsible for the social and visual linkage 
and hence, they form an important relaƟ onship between the outside 
community and life inside the buildings.

Research ObjecƟ ves

Keeping in mind the demand and issues of mechanical cooling systems 
in India, the next big concern is the ambiƟ ous aim of construcƟ ng 20 
million homes by 2022 for the economically weaker secƟ ons of the so-
ciety and for the people belonging to the middle income group by the 
Government of India (Prime Minister’s Offi  ce, 2015). One can imag-
ine the drasƟ c rise in the energy consumpƟ on on a household level. 
Hence, in order to address the growing issue of energy consumpƟ on, 
various intervenƟ ons are put forth such as renewable energy, sustain-
able design, preference to local produce etc. Of which, the most dis-
cussed alternaƟ ve soluƟ on to minimize the energy consumpƟ on is by 
improving the thermal performance of homes, which can be achieved 
by providing thermal mass, the choice of materials, reducing glazed 
areas, improving the natural venƟ laƟ on of the spaces and suitable 
shading design (Nicol, Humphreys and Roaf, 2012).

Taking into consideraƟ on glazing area, the allowance of daylight 
and natural venƟ laƟ on, a window has the potenƟ al to act as an ar-
chitectural element as well as an environmental element. The form 
and alignment of opening a window determines the daylight and air 
movement that infl uences the temperature paƩ erns of an indoor 
space. Windows are capable of creaƟ ng thermal and visual diversity 
since they can be adaptable in mulƟ ple forms. For example, the de-
gree of thermal comfort can be adjusted by the percentage of window 
opened or the use of blinds or curtains provides control over the day-
light factor (Steemers and Steane, 2004). They provide us with fl exi-
bility and opportuniƟ es to adjust our indoor environment according 
to the outdoor climaƟ c condiƟ ons and also according to our comfort 
requirement. By connecƟ ng us with the changing outdoor environ-
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Hence, the objecƟ ves of this research are:

• To determine the importance of windows in regulaƟ ng indoor ther-
mal comfort in present Ɵ mes. 

• To document the tradiƟ onal and contemporary window designs 
belonging to the hot-humid and hot-dry climaƟ c regions of India 
and their performance with respect to climate.

• To understand the potenƟ al of windows as an adapƟ ve comfort 
regulaƟ ng tool out of all the other architectural elements. 

• To put forth the importance of fenestraƟ on design and to lay an 
emphasis on why it needs to be modifi ed.

• To highlight the importance of windows operability in aƩ aining 
thermal comfort, hence challenging the current window design 
pracƟ ces. 

• To establish the signifi cance of having a holisƟ c design approach, 
that takes into consideraƟ on all the architectural elements. 

Research QuesƟ ons

Bearing in mind the objecƟ ves of this study, the following research    
quesƟ ons are framed:

ment, they keep us informed about the Ɵ me of the day, the weather 
condiƟ ons and about the acƟ viƟ es taking place outdoors. Windows 
have become a part of our daily lives, the way we operate windows 
during diff erent Ɵ mes of the day and in diff erent seasons to achieve 
environmental comfort has become our everyday tradiƟ on and is also 
been largely researched by experts such as Elizabeth Shove, Kirsten 
Gram-Hanssen and others. (Shove, 2003) (Gram-Hanssen, 2010).

• The reason to document the tradiƟ onal window design is to know  
how they are capable of creaƟ ng thermal comfort in present Ɵ mes.

• ‘Windows’ are considered as one of the important architectural 
elements since they have the potenƟ al to create the facade of a 
building and at the same Ɵ me have the ability to regulate the in-
door environment. With the changing climaƟ c condiƟ ons and pri-
or knowledge of the increase in the annual average temperatures, 
and in spite of the mechanical systems available to us for cooling, 
venƟ laƟ on and lighƟ ng, do we sƟ ll need windows? 

• Do we need windows that provide the occupant with various per-
mutaƟ ons and combinaƟ ons that can be applied to create an in-
door environment as per their comfort requirements, i.e. do we 
need ‘adapƟ ve windows’ or should we blindly conƟ nue to repli-
cate the western pracƟ ces of providing glass windows for our trop-
ical climate? 

• How eff ecƟ ve is the integraƟ on of adapƟ ve window design in-
tervenƟ ons in creaƟ ng a comfortable indoor environment                                                                                                 
with minimum use of mechanical systems for cooling and why 
adapƟ ve strategies even for window design are important?

• Through this research is there a scope to create an awareness of 
the importance of window design while designing spaces? 

ContribuƟ on to Knowledge

StandardizaƟ on with respect to materials, technology and building 
codes have manipulated the noƟ on of comfort for the users. We are 
developing a ‘mono-culture of comfort’ since the management of 
the indoor climate is being signifi cantly replaced from tradiƟ onal and 
natural pracƟ ces to the advanced mechanical systems (Gram-Hans
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sen, 2010). As a result, these systems and the universal set standards 
for a ‘healthy indoor environment’, are changing the way we live in 
our homes. Since the invenƟ on of the mechanical systems, we have 
been relying on them to aƩ ain comfort due to which we are losing 
our ability to adapt to the changing environment. Hence, it is ex-
tremely important that the designers treat this as an important issue 
and make it their responsibility to readdress the concept of comfort 
through design by taking in to consideraƟ on the user requirements, 
climaƟ c opportuniƟ es, material availability and aff ordability.

Addressing the above concerns, a report published by Global Building 
Performance Network (GBPN) in 2014, had proposed few policy rec-
ommendaƟ ons to achieve savings in the total residenƟ al energy con-
sumpƟ on aŌ er analysis of the survey data and by considering major 
trends in the housing sector. One of the policy recommendaƟ ons was 
to increase the residenƟ al building envelope effi  ciency by encouraging 
the use of alternaƟ ve cooling techniques at least when the weather 
was favorable. It is believed that one of the ways to increase the build-
ing effi  ciency is by improving and redesigning the building envelope 
components such as windows, shading devices, daylight and natural 
venƟ laƟ on strategies.

Although there is an awareness of the problem and also suggesƟ ons 
of what can be done, there seems to be lack of informaƟ on on how 
the given suggesƟ ons can be implemented. Also, there is very liƩ le 
data available regarding the performance of diff erent types of window 
de-sign in a typical Indian household, nor there are any suggesƟ ons 
with respect to the performance of diff erent adapƟ ve strategies and 
de -sign elements that can be added to the current fenestraƟ on design 
trend. Thus, there is a need to promote the potenƟ al of windows and

their capabiliƟ es by the provision of adapƟ ve strategies with respect 
to varying social and cultural expectaƟ ons of comfort.

It is anƟ cipated that this research will highlight ‘window’ as an adap-
Ɵ ve tool since they have the potenƟ al to create diversity, fl exibility, 
social interacƟ on along with thermal and visual comfort for its users. 
It is to provide informaƟ on on the performance of diff erent types of 
window design in a typical Indian household, with suggesƟ ons on the 
performance of diff erent adapƟ ve strategies and design elements that 
can be added to the current fenestraƟ on system. This study aims to  
lay an emphasis on window as a comfort regulaƟ ng adapƟ ve tool, that 
provides the users with the fl exibility to control their indoor environ-
ment and synchronize the same with the outdoor condiƟ ons.

Methodology

The objecƟ ves of this research are broadly achieved through three 
methods. The fi rst is through the literature available related to this 
study that provides the supporƟ ng data for the aims considered for 
this research. Apart from staƟ sƟ cal data, this segment defi nes the 
concept and history associated with windows. It also indulges into the 
documentaƟ on of diff erent examples of climaƟ cally responsive win-
dows available today from diff erent periods and from diff erent parts 
of the world. Furthermore, looking into the diff erent environmental 
features and concepts associated with windows along with the various 
research studies conducted by researchers in relaƟ on to window and 
adapƟ ve comfort, strengthens the proposiƟ on of this study. Also, be-
fore the commencement of the fi eld-work, the base of the fi eldwork is 
set through the literature available for the chosen sites of study such 
as climaƟ c analysis, history of the building and so on.
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mance of diff erent typologies and the user saƟ sfacƟ on of their living 

spaces, the survey could have formed the part of the study of chawl as 
well as wada plus addiƟ onal residenƟ al high-rise buildings. 

The number of case studies could have been more and from diff erent 
parts of India belonging to diff erent climaƟ c regions. The diversity of 

vernacular architecture in India is large and hence there is a lot of 
scope to learn from them and apply the learnings in the research or 

producƟ on fi eld. However, it was not in the scope of an MPhil research.

The performance analysis outcomes are with respect to the internal 
condiƟ ons of only one parƟ cular user, however, typical condiƟ ons will 

be diff erent for diff erent occupants along with their disƟ nct use of an 
adapƟ ve window.

It was also noted that various adapƟ ve combinaƟ ons could be adopt-

ed by the inhabitant to achieve the desired comfort seƫ  ng. While it 
is possible to test all the likely combinaƟ ons, it was not possible to 

document them all in the given Ɵ me frame. 

Although the objecƟ ve of the research was to lay emphasis on the 

applicaƟ on of aff ordable adapƟ ve window instead of the convenƟ onal 
sliding windows along with extensive use of mechanical cooling, the

most challenging part is altering the mind-set of the users and man-

ufacturers into adapƟ ng such window systems, especially when the 
users are increasingly geƫ  ng accustomed to a more convenient op-

Ɵ on of mechanical cooling. The challenge at the manufacturing level 
consists of the willingness of the producƟ on companies to fabricate 

such windows at an aff ordable rate. With a strong market of sliding 
windows and glass cladding in India, the readiness of the manufactur-

ers to risk the introducƟ on of customised windows seems doubƞ ul. In 
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The fi eldwork is the second method applied, to achieve the objecƟ ves 
of this study. The elaborate secƟ on of this research documents the 
informaƟ on associated with the built form, materials and technolo-
gies used to build these typologies in the form of drawings and photo-
graphs, along with the occupancy paƩ erns of the users. It is through 
fi eldwork that the environmental study is conducted which comprises 
of documentaƟ on of spot measurements and conƟ nuous measure-
ments. AddiƟ onally, the on-site data collecƟ on method also involved 
collecƟ ng occupant feedback through BUS (Building Use Studies) sur-
vey and an addiƟ onal quesƟ onnaire designed specifi cally for this re-
search. 

The third important part of this study is computaƟ onal analysis. A 
method that is used to verify and scienƟ fi cally prove the hypothesis 
of this research. The analysis helps in drawing a comparison between 
various architectural elements such as windows, walls, fl oor and ceil-
ings. It tests various permutaƟ ons and combinaƟ ons, in the form of 
diff erent cases, to ascertain their eff ect on the indoor thermal envi-
ronment. 

Project LimitaƟ ons:

Although the above methodology was followed, there were certain 
limitaƟ ons that were observed during the enƟ re research period. The 
performance analysis was carried out only for the hot-humid climate. 
Hence, it is evident that the performance of the design intervenƟ ons 
considered for this climate will certainly diff er for a diff erent climaƟ c 
scenario. 

The BUS survey and the customised survey on windows was carried 
out mainly in one high-rise building only. To understand the perfor-



Hence, before the onset of the fi eldwork, it was essenƟ al to look at 
addiƟ onal tradiƟ onal window designs prevalent in other parts of In-
dia such as ‘jaalis’ and ‘jharokhas’. Apart from tradiƟ onal Indian win-
dows, this chapter also reviews the modern adapƟ ve window design 
by Geoff rey Bawa widely known as the ‘Monsoon Window’.  Further-
more, a modifi ed version of ‘Monsoon window’ is presented, which is 
used in a modern residenƟ al high-rise building - the Moulmein Tower, 
Singapore. All these examples are studied based on drawings, pho-
tographs and the write-up available. The study of modern and tradi-
Ɵ onal window design aided in evaluaƟ ng the possibiliƟ es of applying 
those concepts in a typical household seƫ  ng or to suggest if there is 
any room for modifi caƟ on to fi t the same in an urban seƫ  ng. The ex-
amples provide with ideas and informaƟ on which have the potenƟ al 
to become part of design intervenƟ ons in future work.

4. Indoor Environmental Comfort: This chapter revisits the theory 
of comfort. It helps in understanding the noƟ on of comfort in brief 
and how it has been extensively analyzed by various experts over the 
period of Ɵ me. It involves interpretaƟ on of adapƟ ve comfort and its 
connecƟ on with the social and economic condiƟ ons of its user. The 
chapter discusses the need to address adapƟ ve comfort and how it is 
perceived by researchers. Before the fi eldwork, it was essenƟ al to de-
fi ne and understand adapƟ ve windows. This was achieved by analyz-
ing scienƟ fi c and analyƟ c studies conducted by researchers across the 
globe since their study was also similarly based on the role of adap-
Ɵ ve controls available to the occupant. The last secƟ on of this chapter 
draws a conclusion from the collected research data and the analyƟ cal 
studies that form the guideline for the elaborate fi eldwork. 
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addiƟ on to this, to convince the inhabitants, who are the consumers, 
of the long term benefi ts of adapƟ ve windows and urging them to 
minimise the use of mechanical systems is the biggest challenge in 
present Ɵ mes, where mechanical cooling seems to, very convenient-
ly, protect the occupants from the rising temperature, sound, and air 
polluƟ on. Apart from these setbacks, it also becomes the responsibili-
ty of designers to propagate and pracƟ ce the use of adapƟ ve technol-
ogies and try to minimise energy consumpƟ on through their designs. 

Structure of the Work

1. Preface: This introductory chapter gives an outline regarding the 
aim of the research and the need to conduct this study. Whereas the 
staƟ sƟ cal data regarding energy consumpƟ on and the growing use of 
air condiƟ oning units are discussed in the literature overview secƟ on. 
This data stresses further, on the urgency of the need to provide pas-
sive alternaƟ ve soluƟ ons to the use of mechanical systems.

2. The Meaning of ‘Windows’: Before progressing into the examples 
of the window and the analysis of the fi eldwork, it is essenƟ al to fi rst 
understand the meaning of a ‘window’, their origin, their purpose. 
Hence, it is fi rst important to know about the history of windows and 
the various environmental factors associated with them. This chapter 
explores the diff erent defi niƟ ons of windows, theoreƟ cal as well as 
technical, which further helps in defi ning the concept of this thesis i.e. 
‘adapƟ ve windows’.

3. Examples of Windows: The fi eldwork comprises the study of con-
temporary and tradiƟ onal window designs located in Western India. 



from the spot measurements taken for the diff erent environmental 
factors such as air temperature, humidity levels, illuminance levels 
and wind velocity levels inside the house as well as outside during 
the same Ɵ me. Plus, the graphical representaƟ on of the conƟ nuous 
measurements taken over a while in the above menƟ oned habitable 
spaces and the analyses of the same. The collected data helps in con-
cluding the funcƟ oning of these built spaces during the diff erent Ɵ mes 
of the day. It allows to draw a comparison between the performance 
of the three households during the summer months. 

The second half of this chapter discusses a methodological survey 
performed during the fi eldwork. The procedure of conducƟ ng the 
survey was carried out through a pracƟ ce adopted by BUS (Building 
Use Study). BUS methodology was developed and used for the gov-
ernment-funded PROBE (Post-occupancy Review of Building Engineer-
ing), that studies to invesƟ gate the building performance and quanƟ fy 
occupant saƟ sfacƟ on and also follows rigorous ethical guidelines and 
markeƟ ng protocols. In this case, this survey was performed to under-
stand the daily pracƟ ces of the occupants in detail. In addiƟ on to this, 
a quesƟ onnaire was created specially to understand the role windows 
played in the daily rouƟ ne of the occupants of an Indian household. 

Thus, the fi eldwork analysis and the survey outcomes form the bases 
for further analyƟ c work and show the possibility of future work that 
can be performed based on these fi ndings.

7.Performance Analysis: Since the main focus of this research is on 
‘windows’, the computaƟ onal analysis was performed to put more em-
phasis on its importance. As menƟ oned earlier there are various archi-
tectural elements such as walls, fl oors, roofs and windows. All these
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5. IntroducƟ on of Case Studies: The three diff erent types of windows 
studied as a part of the fi eldwork are:
1. The Contemporary Window 
2. The Window for hot-humid climate
3. The Window for hot-dry climate

The researched windows belong to three habitable spaces located in 
a densely populated hot-humid and hot-dry climaƟ c regions of Maha-
rashtra, Western India, belonging to the three diff erent eras. The fi eld-
work helped in drawing major diff erences in the type of built-form, 
the materials and the technologies used in building these windows as 
well as these homes. The ways in which the habitable space and the 
space around was used also diff ered. These disƟ ncƟ ons are present-
ed by documenƟ ng the design, materials, funcƟ on and technologies 
used in building these windows as well as homes, mainly in the form 
of photographs and drawings. With chawls and wadas belonging to 
the colonial period, this chapter also documents the rich history as-
sociated with them, through which a connecƟ on can be made with 
the social and cultural signifi cance of these built-forms. Moreover, the 
qualitaƟ ve interviews taken allows to understand the daily pracƟ ce 
of the users in detail and also their percepƟ on of windows. It gives a 
clear picture of the quality of indoor spaces in these homes which is 
highly infl uenced by its built form, architectural elements like window 
and the material used. Thus, this secƟ on, as the name suggests, in-
troduces the three types of windows which are scienƟ fi cally analyzed 
further.

6. Fieldwork: In conƟ nuaƟ on with the previous chapter, this secƟ on 
documents the building layouts, user paƩ ern and analyses the results



2.   The infl uence of other elements on the indoor environment which      
in turn helps in understanding the extent of impact windows have              
on an apartment block.

In addiƟ on to the above simulaƟ ons, two more cases were analysed 
to suggest the importance of holisƟ c design that not only aimed at 
creaƟ ng an adapƟ ve window but also took into consideraƟ on thermal 
properƟ es of other architectural elements to achieve maximum com-
fort along with the applicaƟ on of eff ecƟ ve environmental features 
such as solar shading.

Thus, these simulaƟ ons help in understanding help in understanding 
to what extent ‘windows’ are responsible for the indoor environmen-
tal changes and comfort and thus, also forms supporƟ ng informaƟ on 
for the concluding chapter. 

8. Conclusion & Next Steps: The last chapter summarises the litera-
ture study, fi eldwork and analyƟ cal work and refl ects on the lessons 
learnt from this study. The fi ndings from this piece of work further 
aides in idenƟ fying the scope of work that can be done in the conƟ n-
uaƟ on of this research.  
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elements are equally important and have the potenƟ al to provide in-
door comfort. However, this analysis was performed to establish the 
adaptability that ‘windows’ provide. The fi eldwork looks at three dif-
ferent typologies belonging to the diff erent eras. The three built forms 
exhibit a diff erent style of construcƟ on, diff erent materials, diff erent 
technical details and diff erent designs. The simulaƟ ons are performed 
to determine their impact on a typical contemporary apartment block 
which is one of the studied typologies of the fi eldwork. The following 
cases are simulated: 

1. Case 01: the exisƟ ng contemporary apartment block where 
the windows, fl oor, walls and ceiling are considered as per exisƟ ng 
apartment design. (Typology 1)

2. Case 02: The window of case 01 is replaced with the one used 
in ‘chawl’ (typology 2)

3. Case 03: The wall thickness and material of case 02 are re-
placed with the one used in ‘chawl’. (typology 2)

4. Case 04: The fl oor and ceiling of case 03 are replaced with the 
one used in ‘chawl’ (typology 2)

5. Case 05: The window of case 01 is replaced with the one used 
in ‘wada’ (typology 3).

6. Case 06: The wall thickness and material of case 05 are re-
placed with the one used in ‘wada’ (typology 3).

7. Case 07: The fl oor and ceiling of case 06 are replaced with the 
one used in ‘wada’ (typology 3)

The above simulaƟ ons help in determining the following:

1. The performance and impact of diff erent types of windows for 
apartment design. 
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In most regions around the world, heat waves, heavy precipitaƟ on, 
coastal fl ooding, increased frequency of hot days and hot nights have 
been increasingly observed (Done, 2012; Intergovernmental Panel 
on Climate Change, 2014; NaƟ onal Research Council, 2001). These 
changes have been linked to human infl uences with respect to growth 
in populaƟ on, soaring CO2 emissions and increased use of fossil fu-
els (Intergovernmental Panel on Climate Change, 2014; NaƟ onal Re-
search Council, 2001). With 54% of the world populaƟ on residing in 
the urban agglomeraƟ ons (UNDESA, 2014), the ciƟ es are facing huge 
problems in terms of higher average temperature and large carbon 
emissions due to excessive concentraƟ on of buildings, infrastructure 
and transportaƟ on. Approximately 30-40% of the total energy is used 
by the building sector, of which maximum energy consumpƟ on is at-
tributed to the residenƟ al sector (United NaƟ ons Environment Pro-
gramme, 2007). Thus, the growing need for housing and the rising 
energy consumpƟ on paƩ erns have become one of the crucial issues 
of the present Ɵ mes that need to be addressed. 
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because it is not just about achieving temperatures in comfort range, 
but also about providing comfort that is aff ordable and energy-effi  -
cient. Thus, as highlighted by Leaman and Bordass (1995), to reduce 
the need for energy it is important to reintroduce simple controls such 
as openable windows, blinds, shading devices etc. which can be easily 
controlled by building occupants.  
AddiƟ onally, regarding the latest adapƟ ve comfort theories and strat-
egies, environmental experts like Humphrey, de Dear and Brager, 
Auliciems and others have correlated the relaƟ onship between the 
behavioural adaptaƟ ons such as changes in metabolic rate, clothing 
insulaƟ on and environmental parameters like wind velocity and the 
psychological saƟ sfacƟ on. Behavioural use of controls acts as a link  
between the occupants and the buildings.  Also, de Dear et al. (1998), 
in their paper ‘Developing an adapƟ ve model of thermal comfort and

Fig.1.1. Projected annual energy consumpƟ on per rural and urban electri-

fi ed household in India, 2013 and 2040 (InternaƟ onal Energy Agency) 
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The increasing energy consumpƟ on trend has been predominantly 

associated with the aƩ ainment of comfort in the housing sector by 
many researchers. Experts such as Lisa Heschong, Fergus Nicol, Mi-

chael Humphrey and Susan Roaf have widely discussed the concept of 
‘science of comfort’ which was developed in the 20th century to main-

ly jusƟ fy the HVAC calculaƟ ons to obtain neutral environment for the 
occupants. According to Nicol and Roaf (2017), one of the reason for 

increasing diffi  culty in predicƟ ng the weather condiƟ ons, extensive 
use of fossil fuels and global warming is due to our dependency on 

mechanical systems. Their paper ‘Rethinking thermal comfort’, talks 
about the issues of the modern world where we have the provision 

to modify our indoor environment with the help of controllable me-

chanical heaƟ ng and cooling to aƩ ain comfort (Nicol and Roaf, 2017).  

Furthermore, with regards to energy consumpƟ on and the use of 
mechanical systems to achieve indoor comfort, Indian residenƟ al 

buildings consume around 73% of the total energy produced (Ener-
gy ConservaƟ on Building Case, 2007). This energy is largely used for 

lighƟ ng (30%), and venƟ laƟ on controls (fans – 34%, AC – 7% and air 
coolers – 7%). Another survey by the InternaƟ onal Energy Agency pre-

dicts a rapid rise in household electricity consumpƟ on in the Indian 
households via the purchase of appliances and air condiƟ oning units 

by 2040, both at urban as well as at rural level (Fig.1.1). AddiƟ onal 
predicƟ ons regarding the growth of air condiƟ oning market in India 

by experts such as Phadke, Abhyankar, Chaturvedi and Sharma (2014) 
suggests the need to implement environmental controls to reduce the 

need for high energy soluƟ ons.  
Looking at the above theories and staƟ sƟ cs there is a great pressure to 
provide comfort, especially thermal, and this is parƟ cularly challenging



preference’ have suggested that the occupants of naturally venƟ lated 
buildings have greater thermal control than air-condiƟ oned buildings 
and hence, it leads to greater tolerance of temperature excursions 
and relaxaƟ on of expectaƟ ons. Adding on to this hypothesis was a 
similar explanaƟ on given by Bordass et al. staƟ ng that people accept 
variaƟ ons from a predictable source such as naturally venƟ lated build-
ing (Bordass et al., 1994). Therefore, it becomes important to consider 
occupant interacƟ on with the building control systems while design-
ing buildings because variaƟ ons in occupant behaviour signifi cantly 
aff ects the energy consumpƟ on of the buildings. There is a lot of re-
search available on the use of controls from throughout the world, 
by way of case studies conducted in offi  ce and residenƟ al buildings 
by Fergus Nicol, Richard de Dear, Gail Brager, Charlie Huizenga, Hui 
Zhang, Edward Arens etc. However, there are very few studies on oc-
cupant behaviour in terms of the use of environmental controls in res-
idenƟ al buildings, especially in India. One of the few studies within an 
Indian context is a survey by IndraganƟ  in 2010 that recorded the use 
of environmental controls such as windows, curtains, doors and user 
comfort responses that were carried out in fi ve medium-sized resi-
denƟ al apartments in Hyderabad. The research challenged the Indian 
standards of comfort (23-26oC) since the analysis suggested that with 
the neutral temperature at 29.3oC, the comfort band was between 
26-32.3oC, hence quesƟ oning the data and methodology considered 
to determine comfort standards for Indian dwellings. This study found 
that the lack of adapƟ ve opportuniƟ es resulted in a majority feeling 
uncomfortable during the summer months and recommended urgent  
need in the provision of ‘operability and openability’ of windows, and 
their careful placement and orientaƟ on for beƩ er adapƟ ve use of en-
vironmental controls. 
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Hence, considering the above, this research will be an invesƟ gaƟ on 
into fi nding the relaƟ ons between the use of adapƟ ve controls and 
the thermal sensaƟ on of the occupants in residenƟ al buildings in the 
hot-humid and hot-dry climate of western Indian ciƟ es like Mumbai 
and Kolhapur. This research will also explore the tradiƟ onal adapƟ ve 
strategies that were adopted in Indian homes before the pre-air con-
diƟ oned era to achieve environmental comfort and analyze the af-
fordability and effi  ciency of the window typology in these homes that 
aided in improving the indoor quality of the spaces, improve occupant 
saƟ sfacƟ on, health and well-being and hence reduce the overall ener-
gy consumpƟ on of the Indian households.  Therefore, the fi rst essen-
Ɵ al step is to understand the true meaning of windows and the terms 
associated with it. The next chapter discusses the origin of windows, 
the technical and scienƟ fi c defi niƟ on of windows, plus, various factors 
that correlate with fenestraƟ ons.  
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THE MEANING OF ‘WINDOW’

The noun ‘window’ is derived from Old Norse ‘vindauga’ which means 
‘wind eyes’ (Philips, 2012), which further means that they allow ‘wind’ 
in to the enclosed living spaces and are also the ‘eyes’ of the building 
that provide the view outside as well as allow light in to the building.

The noun ‘fenestraƟ on’ is derived from Old French ‘fenestre’. This 
French word was further derived from the Greek verb ‘phaino’ which 
means to give light, to come to light, to bring to light (Treguer, 2016).

Architectural Defi niƟ on of ‘Window’

A window is defi ned as an opening in a wall of a building that allows 
light and air into the indoor environment (Philips, 2012). They are con-
sidered as the most important and expressive feature of a building 
that widely contribute to the physical and mental well-being of the 
occupants. Windows allow the user to look outside and also have the 
potenƟ al to allow to look inside the building. They play an extremely 
vital role in connecƟ ng open and enclosed spaces.

CH
AP

TE
R

20



History of ‘Window’

Windows have been termed as the ‘eyes of the building’. They are the 
most prominent feature of a building that gives character to a built 
form. The evoluƟ on of windows is directly related to the evoluƟ on of 
architecture, the use of materials and building construcƟ on technolo-
gies. The need for light and venƟ laƟ on has been an important require-
ment of an occupant. Leƫ  ng in light allows its occupants to perform 
their tasks beƩ er and help in navigaƟ on within their habitat.  Where-
as, view and venƟ laƟ on provided by them allow in understanding the 
Ɵ me of the day as well as in providing health and well-being to its 
occupants. 

Before the discovery of glass, windows were just holes in the façade or 
the roof of the building that allowed liƩ le bit of light in and exhausted 
smoke and smells out of the house and were leŌ  open to the external 
climate (Hansmann, 2015). These holes were small since the buildings 
had no structural system and as they were open, the restricted size 
did not allow extra light or air into the house since the occupants had 
no control over it, other than completely shuƫ  ng it down. They were 
covered with animal skins or furs to protect the indoor environment 
from the harsh outdoor weather condiƟ ons (Weston, 2011). 

However, by the pre 16th century, windows were constructed out of 
wood or stone (Wychavon District Council, 2007). This type of window 
construcƟ on is found even today in many parts of the world including 
India where stone mullions or Ɵ mber frames are used to construct them. Fig.2.1. Unglazed shuƩ er window (Pinterest)
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The unglazed shuƩ ers, that were predominantly used, could be kept 
open or could be shut as per the user requirement. Giving a choice 
to the user to regulate their indoor environment in medieval Ɵ mes 
shows that the windows were adapƟ ve since then (Fig.2.1).

Apart from solid wooden shuƩ ers, the window openings were also 
covered with mica or thin slabs of marble or fl aƩ ened animal horn, 
while in the far east countries like China and Japan, paper windows 
were used (Parhammer, 2017) (Fig.2.2). The paper used for the win-
dow covering was called shoji (Khan, 2014). This material allowed

diff used penetraƟ on of light into the house while protecƟ ng it from 
heat, cold and rain outside. The use of shoji is prevalent even today 
for various purpose such as in making artefacts, sliding door, room 
parƟ Ɵ ons and so on. Before the invenƟ on of glass, domesƟ c unglazed 
windows were developed by the Islamic builders of Syria and Egypt 
that consisted of a framework in wood which was fi lled with intricate 
wooden grillwork, projected outside and were laid on brackets (Au-
gustyn et.al., 1998). 

During this Ɵ me in India, the form of window that gained importance 

Fig.2.2. Shoji panel wall (Homesteady)
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were the jharokhas (Fig.2.3.) (Zulfi qar, 2018). The canƟ levered en-
closed balcony carved in stone and supported on corbels was espe-
cially used by the Maharajas (kings) as well as the Mughal emperors 
to address to their subjects (Saquib, 2012). They were also greatly 
used by the royal women to view public acƟ viƟ es without being seen 
by the people. It was during the 19th century that jharokhas made 
their way into houses of the ordinary people from palaces and havelis

Fig.2.3. Window of a House, Lahore (Architexturez South Asia)
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(mansions) (Zulfi qar, 2018). Along with jharokhas, jaalis were also one 
of the most important form of a window that was used extensively. Jaa-
lis were the ornamented perforated screens that were carved in wood 
or stone and acted as a shading device (Kamath and DakeƟ , 2016). 
They allowed enough light to penetrate the living spaces and at the 
same Ɵ me also provided privacy to the occupants. Hence, it can be said 
that the emergence of glass was very gradual in Indian architecture.



Fig.2.4. House at Ahmedabad, 16th century (Architexturez South Asia)
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Fig.2.5. House at Ahmedabad, 17th century (Architexturez South Asia)
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Fig.2.6. House at Ahmedabad, 18th century (Architexturez South Asia) Fig.2.7. Front of a House, Ajemer (Architexturez South Asia)



According to an arƟ cle by Encyclopedia Britannica on the History of 
Window Architecture, glass was fi rst discovered in Roman – ruled 
Egypt and it was not just used for creaƟ ng crockery and decoraƟ ve 
items but was also used to form small glass panes that lead to the 
emergence of glass windows. They were excepƟ onal and were mainly 
reserved for the highest status buildings. These windows were con-
structed of small glass panes known as glass quarrels or quarries and 
were divided by bronze or lead strips known as cames (Pickles, 2014). 
Wooden window frames in oak or stone mullions were usually used 
to fi x these windows. Such type of glass window in a bronze frame 
has been found in Pompeii, Roman baths, in early ChrisƟ an and Byz-
anƟ ne churches and so on. Glass panes enclosed with pierced marble 
frames were used for the construcƟ on of Hagia Sophia (begun 532) at 
ConstanƟ nople (Mlyniec, 2017). This technique was also used by the 
Islamic mosque buildings, were cement was subsƟ tuted with marble 
which gave richness in paƩ ern design. 

The 17th century showcased a strong infl uence on the shape of the 
window (Wychavon District Council, 2007). During this Ɵ me the win-
dow mullions and transoms became narrow and were produced in 
Ɵ mber. The windows became taller since they were divided into four 
by a transom and mullion. During this Ɵ me, sash windows originated 
in London (Louw, 1983). These windows were later found in the re-
gions ruled by the United Kingdom, such as India, America and the 
Caribbean. 

Sash windows were developed at the Ɵ me when the streets in London 
were narrow and opening a shuƩ ered window touched the opposite 
window. The windows could slide verƟ cally thus allowing 25% to 50% 
openable area. Sash windows have been widely used since then and 
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were also held responsible for the great fi re in London in 1666 (Wright-
son, 2000). As the windows with Ɵ mber frame were fi Ʃ ed in the front 
face of the buildings, they were responsible for the rapid spread of the 
fi re. Since, then as per regulaƟ ons, sash windows were to be recessed 
back by 4” from the face of the building (Wrightson, 1999). Further, 
in 1696, ‘window tax’ came into existence in Britain (Glantz, 2008). 
The tax was implemented so that the higher class with bigger homes 
and more windows would pay more tax while the poor would have 
to make small payments (Bilal, 2019). Thus, to skip the tax altogether 
windows were blocked completely and people lived without natural 
light and air. Thus, only the rich could aff ord to put windows and oth-
ers with constrained means were made to live in dark rooms with no 
air movement at all. 

While the 18th century further saw the alteraƟ ons in sash windows. 
The frames made from BalƟ c Pine were thinner since the thickness 
of the glass also reduced (Wychavon District Council, 2007). In 1770, 
plate glass was introduced that allowed a further increase in the size 
of the glass pane and the number of glazing bars also reduced. The 
thinner and larger windows were costlier. 

By the 19th century glass was manufactured in masses and the pro-
ducƟ on became mechanised which meant that glass windows were 
becoming more and more aff ordable (Sharman, 2017). This period 
also saw experimentaƟ on in the window grid-style arrangements such 
as the use of coloured glass, curved glazing bars and so on. The win-
dow size gradually kept growing from century to century. Since glass 
became more aff ordable, it was during this Ɵ me that the ‘window tax’ 
was withdrawn from England and people from all sectors fi nally had 
the freedom to have windows in their homes (Glantz, 2008; Oates and 
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Schwab, 2015).

By the early 20th century the method of producing glass reached 
to an extremely good quality. The introducƟ on of the fl oat process 
in the 1950s in Britain allowed the producƟ on of very large glass 
panes remains largely the same even today (Mlyniec, 2017). With 
a number of choices available with respect to the type of window, 
the type of glass, the type of frame; the main criteria for selecƟ ng a 
window type today is based on the suitability and performance of a 

window for parƟ cular climate, the energy effi  ciency it would provide, 
safety and largely on aestheƟ cs. Since glass allows solar heat trans-
fer, it is one of the major causes for temperature fl uctuaƟ ons indoors. 
Therefore, at present glazing is being researched and developed to 
improve the energy effi  ciency of the indoor spaces. The need for effi  -
cient glazing systems has led to the introducƟ on of double glazing and 
triple glazing. Similarly, today we have several diff erent glass opƟ ons 
such as fl oat glass, decoraƟ ve glass, low-e glass, insulaƟ ng glass units, 

Fig.2.8. The EvoluƟ on of Sash Windows (Selectaglaze)



Fig.2.9. Types of Windows (ArchiƟ zer)

heat transfer the more expensive it gets. 

While glass is evolving even today in terms of its properƟ es and ef-
fi ciencies, the most common types of windows available in present 
Ɵ mes with respect to how they operate are shown below in Fig.2.9.
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heat-strengthened glass, laminated glass, safety glass, toughened 
glass and so on. Although glass is comparaƟ vely not as expensive 
now, the aff ordability of glass reduces as the u-value of glass reduces, 
which means that the more the glass can minimize the direct solar 



The fi rst part of this chapter discusses the meaning of ‘window’ and 
how windows came into existence and evolved further in terms of 
glazing, frame, the design of the window and so on. Windows con-
tribute to environmental comfort, which means they have the ability 
to create thermal, visual and acousƟ c comfort. However, it is also es-
senƟ al to understand the role of windows in the present day scenario 
were windows are parƟ cularly designed and installed to overcome a 
number of issues that come along. 

Furthermore, it needs to be noted that along with various funcƟ ons of 
a window, the social, technical and environmental factors associated 
with an opening are addressed not just by window alone but a num-
ber of diff erent layers that are associated with it to form a complete 
window system. 

Therefore, it becomes important to understand the diff erent design 
and environmental factors related to windows and also simultaneous-
ly look at the various layers associated with it, plus their role in ad-
dressing many issues that the occupants experience. 

29

THE ROLE OF A ‘WINDOW’
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Fig.2.10. The purpose of a window



Thermal Comfort

 The environmental factors that aff ect human comfort are tempera-
ture (oC), air movement (m/s) and humidity (%). The other factors that 
aff ect comfort are metabolic rate (waƩ s) and clothing (clo). However, 
in order to remain at constant temperature, the body must maintain a 
balance between the metabolic heat produced and heat loss. 

M = R + Cv + Cd – E

M = Metabolic rate         R = RadiaƟ on           Cv = ConvecƟ on  
Cd = ConducƟ on       E= EvaporaƟ on heat loss

EvaporaƟ on

ConvecƟ on

ConducƟ on

RadiaƟ on

RadiaƟ on

Fig.2.11. Metabolic Heat Loss from Body (Berisha, 2016)

If windows are considered for providing thermal comfort, they play a 
signifi cant role in infl uencing the heat balance between the environ-
ment and a person. The primary factors that aff ect indoor comfort 
condiƟ ons due to windows are as follows (Huizenga et al., 2006):

• Window geometry – the size of the window

• Occupant locaƟ on – the distance at which the occupant is   
 based from the window

• Room geometry – the volume of the room

• Glazing system – single, double, triple, low-e, Ɵ nted etc. 

• Frame type – wooden, plasƟ c, aluminium

• Exterior condiƟ ons – air temperature, wind, solar radiaƟ on

• Interior condiƟ ons – air temperature, relaƟ ve humidity, velo- 
 city, surface temperature).

A signifi cant amount of solar radiaƟ on is absorbed and transmiƩ ed by 
windows. Due to the absorpƟ on of radiaƟ on, the internal surface of 
the heat absorbing glass can signifi cantly raise the temperature of the 
glass which then contributes to the rise of the Mean Radiant Tempera-
ture (MRT). Whereas, a person siƫ  ng next to a window that receives 
direct solar radiaƟ on has the potenƟ al to cause extreme discomfort to 
the person. Thus, a glazed window plays a predominant role in the at-
tainment of comfort since thermal comfort is closely associated with 
solar transmiƩ ance (Lyons et al. 1999). For example, when a 3mm 
clear single glass (Tsol=0.83) is replaced with 3mm Low-E double glass 
(Tsol=0.53), the amount of discomfort created by the glazed window 
reduces to half. 
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The three ways in which window infl uences thermal comfort are as 
follows (Huizenga et al., 2006) (Fig.2.12.):
• TransmiƩ ed solar radiaƟ on
• Long-wave radiaƟ on
• Induced air moƟ on that gets created due to the diff erence be-
tween the adjacent air temperature and the glass surface tempera-
ture.

Fig.2.12. The infl uence of window over thermal comfort (Window Performance for Human Thermal Comfort)
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Today, in many parts of the world, the single glazed window is being 
rapidly replaced by mulƟ ple glass panes separated by air cavity or ad-
diƟ onally by fi lling up the cavity by slow-moving, less conducƟ ve gases 
such as krypton or argon that reduces the conductance of the cavity 
even further which in turn improves the thermal performance of the  
windows. 
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Apart from this, to reduce the surface emissivity of glass, low-E glass 
with a low-emissivity coaƟ ng such as a semiconductor fi lm or a thin met-
al oxide fi lm are used that help in reducing the long-wave infrared radi-
aƟ on which is absorbed and emiƩ ed by the window glass. Thus, while

Fig.2.13. The eff ect of coaƟ ng on a built space in summers and winters. (Source: Thermalwindows.com)

they allow the passage of light, they also reduce the heat loss/gain 
(Fig.2.13).  

To assess the thermal performance of a window the thermal con-
ducƟ vity of a window is calculated. U-value (W/m2K) or thermal



transmiƩ ance coeffi  cient is used to compare the performance of 
diff erent glazing types that consists of diff erent characterisƟ cs such 
as gas infi ll, coaƟ ng, cavity, number of glass used (single, double, 
triple) and so on. Similarly, G-value or Solar Heat Gain Coeffi  cient 
(SHGC) is taken in consideraƟ on to compare the amount of solar heat

allowed through a window. Table 2.1. draws a comparison between 
diff erent types of glazing and their respecƟ ve thermal performances 
and in turn gives a brief idea on the role of windows, especially glazing 
in aƩ aining indoor thermal comfort.
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Table.2.1. Heat transfer through 
diff erent glazing opƟ ons. (Snugg-
Pro.com)



Heat gains and losses
The primary source of heat loss from a building are the windows, while 
they also have the potenƟ al to collect and distribute solar energy into 
the indoor spaces (Hyde, 2008). The important factor is the locaƟ on of 
the windows since in the northern hemisphere passive solar heaƟ ng 
occurs mainly in the south while in southern hemisphere passive solar 
heaƟ ng takes place in the north part of the building, especially during 
winters. However, during summers when heaƟ ng is not required, effi  -
cient shading systems are required along with the facility of being able 
to open the windows to allow heat loss from the building.

Various elements of a window that determine the heat gains or losses 
from a building are:
a. Window type
b. Glass type
c. Glass thickness
d. Solar heat gain coeffi  cient
e. U-Value
f. Window size

Although windows are mainly responsible for the heat loss from a 
building, the façade of the building also has the potenƟ al to regulate 
the heat gains. Some of the ways are discussed below to give an idea 
of the role windows play in the heaƟ ng of internal spaces:
• Direct Solar Gains (Fig.2.14): The window glazing allows solar 
energy to enter an indoor space. The size of the glazed surface, their 
orientaƟ on and locaƟ on, the material used, the provision of external 
or internal shade as well as the depth of the internal space determines
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the extent of the eff ect of direct solar heaƟ ng.

•  Buff er Spaces: These are the intermediate spaces between the 
exterior and the interior space. The buff er zone acts as a space that is 
heated by solar radiaƟ on due to which the temperature in this space 
is higher than the external temperature because of the trapped heat. 
Thus, the high temperature of the buff er zone drasƟ cally reduces the 
transmission heat loss from the internal spaces. The buff er zone need 
not be a large area but can also be a second-skin façade or a double 
façade that restricts the heat loss and also help in venƟ laƟ on, noise 
and wind protecƟ on (Fig.2.15). Thus, heat gains and losses through a 
window can be directly linked with the condiƟ on of thermal comfort 
indoors. 

Fig.2.14. Direct Solar gains (greenhome.osu.edu.)



Fig.2.15. The funcƟ oning of buff er spaces. (Archdaily.com)
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Daylight
Before the existence of arƟ fi cial lighƟ ng, daylight served as an import-
ant factor in building design so that the occupants could make maxi-
mum use of the natural light in order to carry out their daily acƟ viƟ es. 
Thus, buildings were designed with narrower plan and large windows 
(CIBSE, 2015). However, with the invenƟ on of arƟ fi cial lighƟ ng, win-
dows were no longer designed as per the occupant need and were 
driven mainly by aestheƟ cs. 
Today the energy consumpƟ on in residenƟ al sector for lighƟ ng is 10% 
of the total energy consumpƟ on whereas, 30% is consumed in high-
rise commercial buildings (KonstanƟ nou et.al., 2018). Thus, inorder 
to reduce the dependence on electric lighƟ ng, now-a-days, daylight is 
preferred for the purpose of illuminaƟ on. Recent research points out 
the importance of natural light to regulate a person’s internal clock, 
hence, laying an importance of adequate daily sunlight for human 
wellbeing (CIBSE, 2015). Also, exposure to sun throughout the year 
is essenƟ al to maintain adequate levels of vitamin D. Furthermore, 
the importance of natural light in the indoor spaces and a view out 
through a window has been shown as an important contributor in the 
health and wellbeing of humans in the built environment (Veitch et 
al., 2008). AddiƟ onally, lighƟ ng in a built space is essenƟ al for the fol-
lowing reasons: 
1. So that the occupant can work and move about safely.
2. To create a pleasing visual appearance.
3. To be able to perform tasks correctly and at right pace.

Daylight improves visual percepƟ on and the greatest resource  to al-
low daylight in to an indoor environment are the windows. A well-

thought window design not only provides indoor comfort but also 
helps in reducing energy consumpƟ on by minimizing the use of arƟ fi -
cial lighƟ ng (Acosta et.al., 2016). One of the fundamental purpose of 
a window is to provide light into a space for carrying out a funcƟ on. 
Hence, it is important that the window meets the requirement of pro-
viding good quality of daylight in to the space that not only meets its 
funcƟ onal demands but also creates a pleasant visual environment 
that enriches the user producƟ vity. The three main reasons for en-
hancing the daylighƟ ng of buildings are:
1. energy consumpƟ on
2. space appearance
3. benefi ts to human wellbeing

Furthermore, a window has the ability to infl uence the distribuƟ on of 
light and its intensity to create an effi  cient and desirable indoor envi-
ronment (Nasrollahi and Shokri, 2016). Therefore, it is important that 
a window not only provides protecƟ on against excessive heat gain but 
also thermal and visual discomfort to the user. An effi  cient lighƟ ng de-
sign ensures appropriate amount of daylight is made available to the 
occupants at appropriate Ɵ me by eff ecƟ vely controlling the amount of 
sunlight entering through the openings. The required amount of day-
light is based on the seasonal changes, building orientaƟ on, geograph-
ical and environmental condiƟ ons, the funcƟ onal requirement of the 
space and of the occupants. Thus, the amount of daylight entering 
into a space is calculated by using (Hopkinson, 1966):
   DF = SC + ERC + IRC
where, DF = Daylight factor; SC = Sky Component; ERC = Externally 
refl ected component and IRC = Internally refl ected component
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Fig.2.16. Diff erent ways in which Daylight penetrates in to a built space (Nas-

rollahi and Shokri, 2016) 

Directly from the Sky
Direct refl ecƟ on from an External barrier
Refl ecƟ on from Floor and Ceiling
Refl ecƟ on from Ground, Ceiling and walls

1. Not over illuminaƟ ng - using light only where and when necessary 
depending on the funcƟ on of the space. 
2. The lighƟ ng controls, how they work in conjuncƟ on with the avail-
able daylight.
3. Use of effi  cient electric fi ƫ  ngs and lighƟ ng controls.
4. Regular maintenance

Thus, an effi  cient lighƟ ng design contributes in not only reducing en-
ergy consumpƟ on but also in prevenƟ ng heat loss and minimizing 
cooling load, thus aiding in having zero energy buildings.

Glare
Glare may be caused due to a refl ecƟ on from an outside source such 
as an opposite building, from direct sun or by refl ecƟ on from items 
inside the building such as laptops or computers. Glare can be defi ned 
as one of the following three types (CIBSE, 2015):
1. Discomfort Glare: It causes visual discomfort without aff ecƟ ng the 
ability to see an object.
2. Disability Glare: When the level of discomfort reaches a criƟ cal 
threshold that impairs vision but is sƟ ll tolerable.
3. Veiling Glare: When a surface (mirror-like) causes refl ecƟ on and  
neither the surface posiƟ on nor the viewers posiƟ on can be moved, it 
causes veiling glare. 
The placement and area of a window can have various repercussions 
such as the view outside, distribuƟ on of daylight indoors and glare. 
There are diff erent ways in which windows may give rise to glare such 
as refl ecƟ ons on display screens or paper if the bright sky is close to 
the line of view or direct refl ecƟ on due to the light from the sun. Al-
though the glare eff ect by small windows are comparaƟ ve less, with 

However, although an extensive use of natural light can lead to 
considerable savings in energy consumpƟ on, but at the same 
Ɵ me it can also allow penetraƟ on of higher solar radiaƟ on in to 
the indoor space thus causing thermal discomfort or create glare 
and thus causing visual discomfort. Hence, as per the Workplace 
(Health, Safety and Welfare) RegulaƟ ons 1992, an eff ecƟ ve visu-
al environment can be achieved when daylight is used in conjunc-
Ɵ on with arƟ fi cial light. Therefore, it becomes essenƟ al to remem-
ber some aspects to improve the lighƟ ng energy effi  ciency such as:



wall-size windows, the adapƟ ve power of the eyes reduces the con-
trast with the surrounding area hence reducing the eff ect of glare. 
Thus,  the tolerance level are the highest if the glazing area is approx-
imately 40-55% of the wall area (Corrodi and Spechtenhauser, 2008). 
An opaque or nearly opaque shading device such as dense weave fab-
ric blinds, thick curtains or veneƟ an blinds can control the amount of 
daylight that enters into a building and hence contributes in avoiding 
discomfort such as glare. However, excessive use of blinds may ham-
per the access to  view, natural venƟ laƟ on and daylight, hence some 
other suggested techniques to over come the issue of glare that forms 
a part of the enƟ re window system are as follows: 
i. Window design consideraƟ ons such as deep bevelled reveal, 
use of slits rather than holes, diff usion, light from the sides and so on.
ii. Use of fi xed sun shadings such as balconies, roof projecƟ ons, 
overhangs, or permanently mounted slats.
iii. Provision of a good view which might compel the users to raise 
the blinds when glare is not an issue.
iv. Avoid over-glazed facades.
v. Use of smart glazing such as Ɵ nted glass which has low light 
transmiƩ ance level. (Light transmiƩ ance is defi ned as the raƟ o be-
tween the incident light and the light transmiƩ ed through a glass). 

Solar shading
To avoid overheaƟ ng of internal spaces and to avoid heat gain, espe-
cially during summers, external sunshade proves to be an eff ecƟ ve ad-
diƟ on to the exisƟ ng window that interrupts the direct solar radiaƟ on 
hiƫ  ng the window. Solar shading systems have the potenƟ al to reg-
ulate the daylight levels in an interior space. They can provide signifi -
cant control over the indoor thermal condiƟ ons and at the same Ɵ me, 

39

they are also capable of creaƟ ng a view to the exterior environment 
(O’Brien et al., 2013; Kuhn et al., 2001). They can control solar gains, 
protect the building from direct solar radiaƟ on and have an eff ect on 
energy use (Al-Tamimi and Fadzil, 2011; Kirimtat et al., 2016). A good 
solar shading design can contribute extensively in reducing the energy 
consumpƟ on of a building through lighƟ ng, cooling and heaƟ ng (Bellia 
et al., 2014) and hence can vary extensively with respect to their size, 
design, the way it is placed and the locaƟ on where it should be placed 
in order to achieve the desired performance.
Manually movable shading devices such as curtains or blinds that are 
installed in the interiors are specifi cally used to resolve the issue of 
privacy in any building. These devices provide the occupants with the 
control to regulated their indoor environmental condiƟ ons as well as
provide privacy as and when required (Nicol and Humphreys, 2002). 
They can contribute in regulaƟ ng excessive light, in reducing solar 
heat gain and glare issues especially during summers (Al-Masrani et 
al., 2018). 
To reduce heat gain in the internal spaces of a building, it is of prime 
importance to study sun path throughout the year before the design 
and placement of windows in a building. Hence, eff ecƟ ve installaƟ on 
of the solar shading device can reduce the annual cooling load, espe-
cially for the tropical climate.
Various adjustable solar shading systems that are used today are roll-
er shades, curtains, veneƟ an blinds, verƟ cal blinds, movable louvers 
and fi ns and so on (Fig.2.17.). The orientaƟ on of external shading 
system plays a very crucial role in achieving the desired results. For 
example, if they tend to successfully block the summer solar radia-
Ɵ on, they should also be able to allow sun penetraƟ on in the internal 
spaces during winters plus the placement of external solar shading 
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Fig.2.17. Types of Internal and External Shading Devices. (CIBSE, 2015)

system must not or should least interfere with the view (Hausladen et 
al., 2008). Apart from the movable systems, the most extensively used 

fi xed solar shading system is the jaali or external laƫ  ce work which 
also tends to cater to the same issue of privacy.  



VenƟ laƟ on

An adequate amount of fresh air is essenƟ al for the inhabitants. It is 
essenƟ al to remove smoke from cooking or any other odour, it is also 
essenƟ al for the removal of moisture and pollutants from an enclosed 
space. Furthermore, one of the main purposes of venƟ laƟ on is the 
dissipaƟ on of indoor heat produce and to bring in cool air from the 
outside. As recommended by BRE (Building Research Establishment) 
the minimum fresh air supply per hour per person should be 20-35m3, 
which means on an average 0.5 to 1.0 air changes per hour for an 
enƟ re house depending on the occupancy of the house, the acƟ vity 
taking place and the volume of the house (Yannas, 1994). 

VenƟ laƟ on strategies: Since natural venƟ laƟ on depends on the climat-
ic condiƟ ons, it is highly variable. Thus, it should be noted that the de-
sign for natural venƟ laƟ on should be fl exible so that it can respond to 
the changing climaƟ c situaƟ ons. Hence, the fl ow rate ‘q’, depends on 
the wind speed ‘U’ and direcƟ on ‘ɸ’ plus the temperature diff erence 
between the interior and the exterior ‘∆T’ along with the opening 
area. All these factors must be taken in consideraƟ on while designing 
(Etheridge, 2011) (CIBSE, 2015). The two basic principles of natural 
venƟ laƟ on (it is the fl ow of air without the use of fans) are as follows: 

a. Wind-driven venƟ laƟ on (Fig. 2.18.): This concept depends on 
the diff erences created through wind-induced pressure and air in-
lets in the building façade. Thus, the amount of air passing through 
the building increases with the increase in the size of the openings. 
Therefore, to obtain suffi  cient natural venƟ laƟ on, adequate amount 
of openings need to be provided aŌ er analyzing the wind direcƟ on 
throughout the year.

Fig.2.18. Wind driven venƟ laƟ on (CIBSE, 2015)

Fig.2.19. Stack driven VenƟ laƟ on (OpƟ vent, 2.0)
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Fig.2.20. Buoyancy driven VenƟ laƟ on (OpƟ vent, 2.0)

b. Stack or buoyancy-driven venƟ laƟ on (Fig.2.19.) (Fig.2.20.): 
This type of venƟ laƟ on is created due to the temperature gradients 
between the inside and the outside of a building (KonstanƟ nou et.al., 
2018). The air enters through the lower openings in the building and 
leaves through the higher-level openings when the internal tempera-
ture is higher than the external temperature. Similarly, when the in-
ternal temperature is lower than the external temperature, the fl ow 
of the air is reversed. 

42

Fig.2.19. and Fig.2.20. are derived from OpƟ vent 2.0. It is a simple steady-

state and a free tool to evaluate natural venƟ laƟ on opƟ ons. It’s the tool that 

is used in early design stages to have a beƩ er grip on window design and to 

assess the eff ect that windows can have on performance. It helps in deriving 

preliminary sizing of vent opening areas and airfl ow path strategies, thus, 

supporƟ ng rapid design development (Vallejo et.al., 2015)

View Outside
A window provides its user with the means to be in contact with the 
outside world. It allows them to keep the track of Ɵ me, it provides in-
formaƟ on on the changing climaƟ c condiƟ ons and changing seasons, 
it also keeps the user updated of the on-goings in the immediate sur-
roundings. Any view that connects with the outside, imparts physio-
logical saƟ sfacƟ on and allows the human eyes to adapt to distance 
(Philips, 2004). There is extensive research that shows the impact of a 
view on the quick recovery of paƟ ents (Huisman et al., 2012) (Devlin 
and Arneill, 2003). However, the well-being of a person also depends 
on the kind of view that one sees. For example, a view towards open 
countryside or greenery would be more psychologically eff ecƟ ve than 
a view out to a blank wall. 
Hence, designers need to consider the site context before locaƟ ng the 
windows and fi nalising the size and other window details. 
Having said that, it is also important to understand the kind of view 
that is to be provided depending on the funcƟ on of the internal spaces. 
For example, a window should be placed at a level in a hospital recov-
ery room from where a paƟ ent can look outside while in a seated posi-
Ɵ on. Whereas, in classrooms, the windows should be placed at a high-
er level so that it does not disturb the concentraƟ on of the students. 
The view outside is also directly related to the view inside, which 
means that while providing a view to the outside one must keep in 
mind how much of the inside will be visible to the outside world which 
then raises the issue of ‘privacy’ and ‘social connecƟ on’.

Sound control
Although noise barriers such as trees are the most used miƟ gaƟ on mea-
sures to address the high noise levels, they can only parƟ ally resolve



the issue (Lam et al., 2018). Therefore, the need arises to regulate 
noise at the receivers’ end, such as through walls, doors, windows 
and roofs. Windows play a crucial role in providing indoor thermal 
and visual control plus it is also responsible to provide a view of the 
outside which is oŌ en linked with the mental well-being of the occu-
pant. However, apart from the above roles, the window is also respon-
sible for the transmission of sound. Nowadays, various technologies 
such as aerogel-based fi nishing, air insulaƟ on sheaths, water insula-
Ɵ on sheaths, paints and so on are used to aƩ ain acousƟ cal insulaƟ on 
(GranzoƩ o et al., 2017). However, with respect to windows, the prima-
ry funcƟ on of an openable glazed window is to provide venƟ laƟ on and 
natural light. Hence, since they are not air-Ɵ ght they do not provide 
acousƟ c protecƟ on. There is a lot of research done that proposes vari-
ous passive noise control strategies that can be applied to glazed win-
dows. One of the most widely used strategies is the use of staggered 
panels with louvers (Kang, 2006). These panels act as a secondary skin 
of the building façade and the louvres are lined with micro-perforated 
absorbers. Thus, the installaƟ on of these panels manages to control 
the sound levels and also allow natural venƟ laƟ on and daylight to en-
ter the usable spaces. Although the staggered panel window or “ple-
num” windows reduce the traffi  c noise they also reduce the amount 
of airfl ow into the indoor space (Fig.2.21.) (Tong and Tang, 2013).
Therefore, it is essenƟ al to address diff erent types of noise at the de-
sign stage itself. The noise created by the building services can be con-
trolled by the building services engineer, the noise from the acƟ viƟ es 
that happen inside the building can be controlled by its inhabitants. 
However, the noise created by traffi  c cannot be controlled as such and 
the only way it can be reduced to an extent is through the design of 
the building. 

Refl ecƟ ons:
A brief discussion on the history of windows, their evoluƟ on, the defi -
niƟ ons and the various factors that a window addresses, allows to con-
clude that windows indeed play an extremely crucial role in not only 
seƫ  ng a comfortable indoor environment but also plays a signifi cant 
role in social, cultural, psychological and physiological well-being of 
the occupants. This chapter highlights the importance of windows in 
creaƟ ng good architecture and beƩ er indoor environments for the in-
habitants. Therefore, the understandings from this chapter are taken 
forward in the form of ‘examples of windows’, where windows from 
three diff erent periods are analysed for their architectural design and 
their role in providing environmental comfort that contributes to the 
well-being of its occupants.

Fig.2.21. Plenum window schemaƟ cs (Tong and Tang, 2017)
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EXAMPLES  OF WINDOWS

Since this research contemplates the current window design trends, 
it essenƟ al to study some well-designed, climaƟ cally responsive win-
dows from around the world. This chapter focuses on such windows 
to learn from them and understand the role these openings played to 
achieve indoor comfort, their spaƟ al signifi cance as well as their social 
and cultural relevance. The chosen case studies for this chapter are the 
diff erent types of windows belonging to the diff erent regions of the 
world as well as diff erent eras, but all are climaƟ cally responsive. The  
documented examples belong to completely diverse periods, howev-
er, it is interesƟ ng to see that they do share some common threads 
in one form or the other. So, it needs to be invesƟ gated if with the 
evoluƟ on of windows over a period of Ɵ me with respect to the mate-
rials available, changing architectural styles and evolving technologies 
and craŌ smanship, have the main elements of windows changed? 
Has the main purpose of a well-thought-of and well-designed window 
changed (Fig.3.1), evolved or regressed? All these quesƟ ons are ad-
dressed through the case studies discussed in this secƟ on.
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1.(a). Jaali  - The tradiƟ onal window

Jali, Guss, veiled facades are the many names of the laƫ  ce perforated 
screens that are widely used in the hot-dry and hot-humid regions, 
especially in south-east Asia. Jali or Jaali is an Indian term used for the 
laƫ  ce screen that has punctures in a wall with geometric or ornamen-
tal paƩ ern (Fig.3.1.). Apart from India, these laƫ  ce screens are found 
mostly in Iraq, Egypt, Morocco, Arabia, Persia, and so on. (Sarswat and 
Kamal, 2015). Jaali was mainly introduced to the Indian subconƟ nent 
by the Mughals during the 15th century (Kenzari and Elsheshtawy, 
2003). The architecture in India during the Mughal rule was highly in-
fl uenced by the Islamic, Persian and Hindu architecture and so the 
buildings built during this Ɵ me saw a fusion of diff erent architectural 
styles (Azmat and Hadi, 2018).

In India, jaalis were and sƟ ll are mostly used as venƟ lators, parƟ Ɵ ons, 
as railings and also as windows. These mulƟ -purpose screens act as 
shading devices, they regulate airfl ow and prevent powerful gusts, 
protects from direct solar radiaƟ on, allows diff used light throughout 
the interiors, secures privacy and at the same Ɵ me regulates social 
interacƟ on. Hence, the reason for placing jaali on a low sill or at Ɵ mes 
without sill was for the movement of air on fl oor level (Fig.3.2.). Tra-
diƟ onally these screens were constructed in materials such as marble 
stone, wood and sandstone. The wooden jaalis aided in absorbing ex-
cess humidity present in the air and when the humidity levels in the 
indoors were less, the jaalis aided in increasing the humidity levels 
through the infi ltraƟ ons in them. (Sarswat and Kamal, 2015). Hence, 
maintaining comfortable humidity levels indoors. 

Fig.3.1. Carved marble screen at Fatehpur Sikri, UƩ ar Pradesh, India. (Pinter-
est)
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and outdoors, privacy is maintained because this diff erence prevents 
indoor visibility from outside. Thus, best suited for the Indian noƟ ons 
of privacy. Ar. Pandya also jusƟ fi es jaali as a compressor i.e. when the 
hot air passes through small holes it gets compressed and hence re-
leases cooler air as well as blows with higher velocity, which is a simi-
lar concept used in compressing air in mechanical venƟ laƟ on.

Fig.3.2. Jaali with no sill level for the movement of air. (Perforated Screen De-
signers)

Addressing jaali as an eff ecƟ ve tool in achieving environmental com-
fort, Ar. YaƟ n Pandya further elaborates on ‘Jaali’ as a versaƟ le ar-
chitectural element that is eff ecƟ ve in hot-humid as well as hot-dry 
climate zones. It cuts direct sun and allows movement of air for cross 
-venƟ laƟ on. Jaali breaks down a solid surface of a wall into several 
small apertures that are approximately of the same size as the thick-
ness of the built material which means that each small hole is a cubical 
proporƟ on of height equal to depth (Fig.3.3.). Hence, protecƟ ng the 
internal space from direct sun rays and glare as well. He further states 
that jaalis not only cut glare but also provides suffi  cient illuminance 
indoors. Plus, due to the diff erence in the illuminance levels indoors

Fig.3.3. SecƟ ons of jaali showing the relaƟ on between the height of the void 
and the thickness of the jaali. (Gandhi, 2015)

Today, Jaalis have been replaced by transparent sliding windows in 
most parts of the country. Glass windows have given higher illumi-
nance levels as well as higher indoor temperatures which have given 
rise to the use of fans and air condiƟ oning units. The transparency 
that glass provides has given rise to the issue of privacy which has 
further given rise to the use of curtains, blinds and Ɵ nted glass. The 
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openness of a sliding window has raised safety issues which has led  
to the introducƟ on of metal grills. Hence, we have ended up increas-
ing the layers associated with our windows that have possibly raised 
the total cost of the windows we use today. Though jaalis are not 
as adapƟ ve but through appropriate design intervenƟ ons, there is a 
great possibility that they can be user-controlled and if that can be 
achieved then it can drasƟ cally reduce the number of layers we have 
on our windows today and can also be effi  cient enough to reduce the 
cooling load.  

Fig.3.4. New Baris Village, Egypt by Hasan Fathy. (Archidatum)
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With respect to the use of jaalis in recent Ɵ mes, many prominent ar-
chitects such as Hasan Fathy, Laurie Baker, Frank Lloyd Wright have 
used jaali as a tool for venƟ laƟ on or as the most prominent feature 
of their designs or as a façade (Fig.3.4.) (Fig.3.5.) (Fig.3.6.). According 
to Baker, jaali is one of the oldest methods that not only maintains 
privacy and security but also allows fi ltered light and venƟ laƟ on in the 
built spaces (Baker, 1999).

Similar to jaalis, jharokhas are also one the oldest form of an enƟ re 
window system that is described in detail, next. 



Fig.3.5. Women’s Dormitory at the Centre for Development Studies, located in 
Ulloor, Trivandrum, by Laurie Baker. (Chothompson)
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Fig.3.6. Men’s Hostel at the Centre for Development Studies, located in Ulloor, 
Trivandrum, by Laurie Baker. (nayeemasif.wordpress.com)



Fig.3.7. Hawa Mahal or the ‘The Palace of Winds’ Jaipur, India. (Flikr.com)
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1.b. Jharokhas - The tradiƟ onal window



‘Hawa Mahal’ or ‘the palace of winds’ is so-called because it contains 
953 windows known as jharokhas for venƟ laƟ on and for keeping the 
indoors cool (Fig.3.7.).
Jharokha is a window with intricate laƫ  ce work, projecƟ ng from a 
wall, usually on the upper levels, overlooking the street below, court-
yard, market or any other open space (Nath, 1986). It is like an en-
closed canƟ levered balcony, widely used in the western region of In-
dia such as Jaisalmer, Ahmedabad, Jaipur and also in the north Indian 
regions like Delhi, Agra, Lucknow and so on (Fig.3.8.). It represents a 
combinaƟ on of Rajasthani and Mughal architecture (which further is 
a combinaƟ on of Islamic, Persian and Indian architecture) (Ali, 2013). 
The wide use of these windows in Rajasthani architecture, Mughal ar-
chitecture and later in Indo-Islamic residenƟ al buildings, was not only 
due to their aestheƟ cs but also because they maintained privacy and 
because they were climate responsive.  Apart from these funcƟ ons, 
jharokhas were especially used by the Maharajas (kings) as well as the 
Mughal emperors to address to their subjects (Saquib, 2012).
Similar to the ‘Mashrabiya’ from the middle-east, the Jharokhas block 
direct sunlight from entering the house and also directs cool air in-
doors through small apertures (Fig.3.9. (a) (b)). The Jharokha has 
three main features:

1. The base:   It is the support structure formed of two or more 
brackets or has corbelling. 
2. The main body:   Has a plaƞ orm, jaali and an opening at seat-
ing level through which a person can peep out.
3. The canopy:  It is a projecƟ on on top also locally known as 
‘chajja’ that protects the indoor space from receiving direct sunlight.
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Fig.3.8. Ornately carved ‘jharokhas’, Patawon ki haveli, Jaiselmer. 
(twiƩ er.com)



house, acƟ ng as a transiƟ on space (Sarswat and Kamal, 2015). Hence 
the jharokha acts like a secondary layer and if this layer is absent then 
the building is exposed to direct sun, which makes the indoor environ-
ment hot. 
Jharokhas also serve as a connecƟ on between the house and the 
street (Kaur, 2015). In a way that a person siƫ  ng in the house can 
view the street below without been seen. These projecƟ ons on the 
street also provide shade to the passer-by, blocks direct sunlight hit-
Ɵ ng the streets which keeps the streets cooler and provides shelter

                      Fig.3.9. (a)                                             Fig.3.9. (b)

(a)A typical secƟ on through a ‘jharokha’ (Tilloston, 1998)  
(b) A typical secƟ on through ‘mashrabiya’ window (Alawad, 2017)

Like jaalis, jharokhas also provide privacy to the women in the 
house. Apart from being aestheƟ cally appealing, the jharokhas 
are the climate moderators that allow venƟ laƟ on and restrict di-
rect sunlight from entering the main space such as the living 
area (Saquib, 2018). The projected overhang captures the heat 
and the small apertures in the jaalis channels cool air inside the 

Fig.3.10. (a)   Jharokhas in Jaisalmer over the narrow streets (Sarswat and 
Kamal, 2015)
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 Fig.3.10. (b)   Patwa-ki-haveli. Shaded streets. 
(Pinterest)
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to the passers during rainy season as well (Fig.3.10. (a) (b)). Hence, it 
can be said that the design, placement and structure of the jharokhas 
not only provides indoor thermal and visual comfort but also builds a 
pleasant micro-climate on a street level. 
Thus, as rightly pointed out by researchers such as Batool and Zulfi qar 
that even in present-day condiƟ ons, tradiƟ onal buildings can achieve 
thermal-visual comfort and can equally have social and cultural signif-
icance (Batool, 2014; Zulfi qar, 2018). The architectural elements such 
as jharokhas, jaalis, courtyards, verandahs, chajjas, fountains, plants 
provide natural comfort rather than the mechanical cooling systems 
and arƟ fi cial lighƟ ngs. Therefore, it can be said that even today, the 
tradiƟ onal elements, especially the ones menƟ oned in this chapter, 
are energy effi  cient as compared to the current systems such as glaz-
ing, air-condiƟ oning, arƟ fi cial lighƟ ng and so on.



2.(a). The ‘Monsoon Window’ - The Contemporary Window

Known as the architect who let light into Sri Lanka, Geoff rey Bawa, is 
well-known for his Tropical Modernist style of architecture. Inspired 
by the culture and tradiƟ ons of Sri Lanka, Bawa followed a theme in 
most of his buildings to achieve their bio-climaƟ c purpose (Sun et al., 
2013). As per Sun et al., Bawa considered the role of ‘breathing wall’ 
as an important environmental element that fi ltered direct sunlight 
and strong wind currents. Thus, allowing indirect light and gentle air 
into the indoor space. Like the basic concept of the ‘jaalis’ and the 
‘jharokhas’, the ‘breathing wall’ also maintained privacy, ensured safe-
ty and excluded unwanted noise from the outside. One such example 
where this concept was applied by Bawa is the ‘State Mortgage Bank’, 
Colombo (Fig.3.11.).
The twelve-storey offi  ce building was iniƟ ally to house the State Mort-
gage bank. However, in 1977 aŌ er the elecƟ on victory of J.R. Jayawar-
dene, it became the secretariat of the Mahaveli Development Minis-
try. Although very diff erent from the vernacular and picturesque style 
of architecture of Bawa, this building, even today serves as the great-
est example of the bio-climaƟ cally responsive high-rise building in the 
world. (Keniger, 1996).
The main purpose of this commercial building was to provide a work-

Fig.3.11. State Mortgage Bank (The Mahaveli Building), Colombo, Sri Lanka 

(1976-78). (Urban Condom)
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Fig.3.12. Drawing, plan of typical offi  ce fl oor
( Archnet)

The window consists of venƟ laƟ on grills above the main window which 
is protected with a deep overhang with a downward fascia (Fig.3.13.). 
This overhang also protects from direct sunlight and rain entering the 
indoor space. The verƟ cally pivoted window provides user operability, 
allows maximum light and air to reach the indoor space (Fig.3.13.). 
Apart from the venƟ lator on top and the main window, Bawa designed 
a horizontal venƟ lator at the sill level to maintain venƟ laƟ on of the 
indoor space even during the monsoon season (Fig.3.14.). The top and 
the horizontal venƟ lators enabled night-Ɵ me venƟ laƟ on even when 
the main window was shut. 
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ing atmosphere that was naturally lit and venƟ lated. (Robson and 
DaswaƩ e, 1998). Hence, Bawa created an asymmetric layout that 
responded to the prevailing northeast and southwest winds to get 
the maximum amount of breeze which in turn minimized the solar 
gains from the west and the east façade of the building (Fig.3.12.). To 
maximize cross venƟ laƟ on, the fl oor plan was not more 15m deep at 
any point, this also aided in achieving adequate natural light through-
out the fl oor plan. The deep-spandrel panels funcƟ oned as louvres 
that were designed to receive maximum air and hence acted as the 
secondary façade and were specially designed to achieve maximum 
breeze even during the monsoon season.

Fig.3.13. Detail of Façade. (Kambil, 2009).

Downward fascia

VenƟ laƟ on grills

Pivoted windows

Horizontal venƟ -
laƟ on



To understand the thermal and visual condiƟ ons of the spaces in this 

building and parƟ cularly to understand the environmental perfor-
mance of the windows, they were further studied and computaƟ onal 

analysis were performed by many researchers. One such research was 
carried out by Mingwei Sun et.al. (2013), where the thermal perfor-

mance of the ‘monsoon window’ was assessed. This research conclud-
ed that the ‘breathing wall’ concept of Bawa responded successfully 

not only to the hot and humid climate of Sri Lanka but to all high-rise 
buildings. The facade had great potenƟ al to be applied in diff erent 

regions of the world, especially with similar climaƟ c condiƟ ons. This 
research observed that the window does provide with thermal and 

visual comfort to the user belonging to the hot and humid climate 

and also provides the user with opƟ ons to choose from, to be com-
fortable. It was further concluded that the size and the material of the 

openings also played an important role in the thermal performance 
of the indoor space, hence these parameters should also be given im-

portance while designing. Lastly, the façade of the building should be 
considered as an important element of the building since they have 

the potenƟ al to regulate the environmental performance of an indoor 
space.

Therefore, as menƟ oned earlier ‘monsoon window’ is regarded as one 
of the best-designed windows for hot-humid climaƟ c condiƟ ons. Var-

ious elements of the window such as venƟ lator on top, the main piv-
oted window and the horizontal grill, provides various opƟ ons for the 

user to choose from and to adjust their indoor environment according 
to the diff erent climaƟ c condiƟ ons during the diff erent Ɵ me of the day 

and throughout the year. It needs to be noted that no addiƟ onal layers 
have been added to the exisƟ ng window such as curtains or grills, but

High vents

Pivoted window - 
easy operability

Horizontal Grill 
- for venƟ laƟ on 
during monsoon

Deep overhang - 
protecƟ on from 
direct sun and 
rain

Fig.3.14. Drawing, secƟ on through breathing wall.
(Archnet)

61



the enƟ re window is designed in such a way that it provides the user 
with mulƟ ple opƟ ons to choose from. The window has the potenƟ al 
to improvise further and a potenƟ al to be used widely in hot-humid 
climaƟ c condiƟ ons worldwide. One such modern-day example where 
‘the monsoon window’ is developed further, technically as well as aes-
theƟ cally is the ‘Moulmein Rise’ residenƟ al tower in Singapore, which 
becomes the next case study for this thesis.
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Fig.3.15. View from South-east. (Archnet)



2.(b). Moulmein Rise, Singapore

One of the main consƟ tuents of urbanizaƟ on is tall high-rise build-
ings. The mega-ciƟ es around the world such as Shanghai, Mumbai, 
Singapore, London, New York etc. are sprawling with high-density res-
idenƟ al blocks on a very limited space available. However, there are 
very few such residenƟ al units that are high densiƟ es and at the same 
Ɵ me sustainable. One such recent example is the Moulmein Rise, Sin-
gapore (Fig.3.16.). Designed by WOHA Architects, this 28-storey res-
idenƟ al building consists of 48 typical apartments and 2 penthouse 
apartments (Hassel, 2007). Completed in 2003, this building acts as a 
trendseƩ er because the issues of environmental comfort and privacy, 
both are addressed in this building design with the help of various 
design elements. 
Since the architects wanted to provide natural light and air in the in-
door spaces and provide the users with an opƟ on of controlling their 
indoor environment, the 102m tall building was oriented in the north-
south direcƟ on that maximized the thermal and visual comfort to 
its user. Each apartment is unique due to the use of diff erent façade 
elements such as planters, monsoon window, horizontal sunshades 
and verƟ cal perforated screens which were designed, keeping in mind 
factors such as orientaƟ on, wind movement, the direcƟ on of rain, the 
quality of indoor spaces etc. (Johnston, 2007).

Fig.3.16.  Moulmein Rise, Singapore.
(Archnet)
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were open and the louvres were shut. This was further developed 
for Moulmein Rise, where the grill opening was shiŌ ed on the bot-
tom ledge of the bay window that projected outwards (Fig.18. (a) (b) 
(c)). Hence, when the horizontally placed grill was leŌ  open during 
the rains, it kept the internal environment cooler, plus stopped the 
rain from coming inside the apartment and also facilitated venƟ laƟ on 
hence, reducing the cooling load. The monsoon windows were placed 
on the south side while the regular window opened on the north side, 
thus, having window on both sides maintained airy indoors due to 
cross venƟ laƟ on (Fig.3.17.).

Fig.3.17. Typical Floor Plan (Ali, 2007).

The need for diff erent façade design: To reduce direct heat gains and 
to keep out driving rain, the windows have deeper overhang (about 
0.6m) with verƟ cal sunscreens on the south. To tackle the issue of un-
predictable rain and to lower the consumpƟ on of mechanical cooling, 
the monsoon window, which is believed to be a tradiƟ onal feature 
of the Malay, Indonesian and Vietnamese vernacular architecture, 
became the main façade element of this building. Taking inspiraƟ on 
from the State Mortgage Building, Colombo by Geoff rey Bawa, WOHA 
had tested this window form in their Victoria Park Road houses proj-
ect and in Maple Avenue House (Hassel, 2007). The basic design for 
monsoon window developed by WOHA had horizontal steel grill be-
tween the main window and the Ɵ mber louvres, set fl ush with the 
fl oor. This allowed cool air to come into the house when the windows

Fig.3.18. (a). Monsoon window. Moulmein Rise, Singapore
(Pinterest)

(a)
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Fig.3.19.(a). Monsoon window detail. (Source: Pinterest)
Fig.3.19.(b). Monsoon window detail. (Hassel,2007).

Fig.3.18. (b) (c). Monsoon window. Moulmein Rise, Singapore
(Source: Pinterest)

(b)

(c)

(a) (b)
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Fig.3.20.(b). North façade detail. (Archnet)

Other Façade Elements: The architects have used a similar concept of 
jaalis or the laƫ  ce perforated screens that are seen in tradiƟ onal Indian 
architecture, in Moulmein Rise (Fig.3.20. (a) (b). The aluminium perfo-
rated screens were used to hide clothesline and air condiƟ oning units, 
keeping the elevaƟ on look clean. (Rowe and Kan, 2014) (Fig.3.20. (a)).

Fig.3.20.(a). North façade detail. (Archnet)
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C o n c l u s i o n

The jaalis and the jharokhas that are about century-old architectural 
design features were carefully created by keeping in mind the user 
requirements such as privacy of women in the house and simultane-
ously obtain an adequate amount of light and air indoors. Looking at 
the thoughƞ ul design of these fenestraƟ ons, it can be said that, since 
there was no available opƟ on of using mechanical cooling or lighƟ ng 
during those Ɵ mes, fenestraƟ ons became the main source of aƩ ain-
ment of indoor comfort. 
Whereas, the State Mortgage building which was built much later, 
on the concepts of sustainability and with a thought that it would 
be naturally venƟ lated and lit, was not used accordingly. Instead, the 
open offi  ce plan was later divided into cubicles by the user due to 
which mechanical cooling was adopted to aƩ ain comfort, which is 
easily available and easy to control. However, looking at Moulmein 
Rise apartments, the architects have not only used the tradiƟ onal 
monsoon window but they have further improvised on it in terms 
of materials, sizes, ease of operability and also the look and feel of 
the window. The fenestraƟ ons on each façade were carefully planned 
keeping in mind the weather condiƟ ons and the needs of the modern 
user. Therefore, apart from the vernacular learnings, modern exam-
ples such as Moulmein Rise becomes the best example to follow and 
to learn from.
 
Similar to the examples studied for this research, there are many such 
fenestraƟ ons all over the world, vernacular and modern, that are ap-
plied to achieve many user requirements such as controlling indoor 

thermal and visual comfort, noise control, to maintain privacy, for 
safety, for the view outside and so on. 

A window has the potenƟ al to control so many user requirements, un-
like other architectural elements. Hence, windows must be versaƟ le, 
windows cannot be of the same design, material, size everywhere. As 
seen in Moulmein rise, the type of window changes with every façade 
orientaƟ on. Therefore, it becomes the responsibility of the designer to 
take into consideraƟ on various factors such as weather condiƟ ons, af-
fordability, user requirement, the social and cultural importance of the 
place and people. Also, it becomes the responsibility of the user to take 
full advantage of the window design and window elements to aƩ ain 
indoor comfort, rather than opƟ ng for easy soluƟ ons of mechanical 
cooling and lighƟ ng. 
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INDOOR ENVIRONMENTAL 
COMFORT

As menƟ oned in chapter one, the discovery of mechanical heaƟ ng 
and cooling systems has allowed people to control their thermal en-
vironment to some degree varying from one context to another. This 
development of technology has opened wide areas of research to de-
termine the ‘thermal comfort’ parameters which increases the effi  -
ciency and producƟ vity of the users (Heschong, 1979). 

The research regarding ‘comfort’ has led in determining comfort zones 
for diff erent countries around the world according to their climaƟ c 
condiƟ ons (Olgyay, 2015) and has given a direcƟ on to the develop-
ment of set standards for thermal comfort for the respecƟ ve regions, 
which were also then used in building codes (for example: ASHARE or 
CIBSE).  

Comfort is defi ned by ASHRAE 55 as “that condiƟ on of mind that ex-
presses saƟ sfacƟ on with the thermal environment and is assessed by 
subjecƟ ve evaluaƟ on”. Hence, all the environmental control systems 
available to us today are to aƩ ain standard comfort zones within a 
built environment. 
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We have forgoƩ en that the thermal environment has the potenƟ al for 
cultural roles, symbolism and sensuality that cannot be neglected and 
replaced by a thermally neutral world. Our fascinaƟ on with the abil-
ity to control our indoor environment has made the natural thermal 
strategies seem obsolete and thus, the concept of ‘comfort’ needs to 
be reconsidered and redefi ned.  



Thus, the renewed defi niƟ on of comfort must highlight adapƟ ve ap-
proach in creaƟ ng a good building design that incorporates the ther-
mal and visual relaƟ onship between buildings and its user and deter-
mines the aff ordability and quality of comfort provided in them. 

b. InterpreƟ ng AdapƟ ve Comfort 

Addressing the current trends in achieving comfort, an observaƟ on 
presented by Richard Levin and Richard LewonƟ n (1985) reminds us 
that humans share the [physiological] mechanism of temperature reg-
ulaƟ on like other mammals. However, in addiƟ on to this, we also use 
shelter, clothing and fuel to keep ourselves warm or cool as per our 
requirements, which although has enabled us to survive in any cli-
maƟ c condiƟ on, has also made us vulnerable. Our personal comfort 
and body temperature are greatly dependent on the price of clothing 
and fuel, whether we work outdoors or indoors, how we control our 
heaƟ ng/cooling systems and so on. Hence, our methods of acquiring 
a comfortable temperature are not just a consequence of thermal 
needs but also a product of social and economic condiƟ ons. 

To amend the above noƟ on of comfort, fi rst, we need to understand 
that our thermal preferences are shaped according to the external cli-
maƟ c condiƟ ons and a dependency on the mechanical systems results 
in the blocking of the outdoor environment (Nicol, 2011). As a solu-
Ɵ on to this, incorporaƟ ng adapƟ ve approach has been given major 
prevalence by various researchers such as Lamberts, Candido, de Dear 
and BiƩ encourt and it is largely agreed by them that the availability 

a. Rethinking Comfort 

Experts such as Lisa Heschong, Fergus Nicol, Michael Humphrey and 
Susan Roaf have extensively analysed the concept of ‘science of com-
fort’ which was developed in the 20th century mainly to jusƟ fy the 
use of HVAC systems to obtain neutral environment for the occupants. 
It has further been implied by them, that the adapƟ ve comfort theory 
can only be implemented when the building design can infl uence the 
habits and behaviours of its inhabitants and provide them with oppor-
tuniƟ es to make themselves comfortable over Ɵ me. Also, according 
to Nicol and Roaf, the research community today is challenged with 
the task of disseminaƟ ng and making accessible the outcome of their 
fi ndings in the fi eld of comfort studies to designers, regulators, inhab-
itants and the decision-makers. 

Hence, reassessing the defi niƟ on of comfort means taking into con-
sideraƟ on changes in culture and architecture together to provide 
comfort, since it is not just about achieving temperatures in a comfort 
range anymore, but it is an addiƟ onal requirement to provide comfort 
that is aff ordable and energy-effi  cient.  

Although we have the provision to modify our indoor environment 
with the help of controlled mechanical heaƟ ng and cooling systems, 
there is a need to address the concept of adapƟ ve comfort which is 
based on the applicaƟ on of user friendly strategies that are effi  cient 
and therefore can be adopted and implemented by the architects and 
builders in their designs. Furthermore, Nicol and Roaf (2017), have 
also asserted that the use of excess energy to aƩ ain comfort can be 
curtailed by emphasizing on designing resilient buildings in future. 
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Thus, referring to the research of Elizabeth Shove and de Dear, it can 
be said that the role of a building needs to shiŌ  from providing com-
fort to that of providing the means for its inhabitants to achieve their 
comfort goal, thus making the percepƟ on of comfort as a dynamic 

process rather than a staƟ c one.  

c. Need for operability in residences and related research studies 

As menƟ oned earlier, in a naturally venƟ lated building, the indoor cli-
mate greatly relies on the way in which the environmental controls 
are used and also on the local climate. Common controls such as win-
dows, doors, blinds, fans and lights provide the occupants with oppor-
tuniƟ es to modify their thermal and visual environment for them to 
achieve a comfortable indoor environment.

Based on a worldwide analysis conducted in naturally venƟ lated and 
centrally controlled HVAC buildings, it was validated in ASHRAE RP-
884, that the thermal acceptability range of the building occupants 
in a naturally venƟ lated building is broader as compared to the occu-
pants of the air-condiƟ oned building. One of the fi ndings of the re-
search reported that the users of the naturally venƟ lated buildings 
adjusted their heat balance by adapƟ ve behaviour with the help of air 
speed adjustments and clothing which enables them to accommodate 
wide variaƟ ons in indoor temperatures without adverse impacts on 
thermal sensaƟ ons, which meant that they were acƟ vely thermo-reg-
ulaƟ ng their sensaƟ ons. Also, researchers such as de Dear and Brager 
(1998), have further suggested that since the occupants of naturally 
venƟ lated buildings have greater thermal control than air-condiƟ oned 
buildings, it leads to greater tolerance of temperature excursions 
and relaxaƟ on of expectaƟ ons. Adding on to this hypothesis was a 

Fig.4.1. Solar tree chart showing the aff ordable and costly strategies that 
can be applied. (Dora) 

of adapƟ ve opportuniƟ es should be built in to standards, especial-
ly focusing on thermal comfort and naturally venƟ lated indoor envi-
ronments, air movement acceptability and their interacƟ ons (Nicol, 
2017). ‘A Solar Fruit Tree’ by Lechner, further illustrates various energy 
effi  cient strategies that can be easily implemented to achieve comfort 
(Abbakyari and Taki, 2017). It shows diff erent strategies placed at var-
ious heights according to the sequence of their aff ordability (Fig.4.1.). 
Strategies such as window size and placement are some of the most 
aff ordable ones and if their design, material, orientaƟ on, size, aper-
ture and placement are taken into consideraƟ on at the iniƟ al stages 
of design, they might signifi cantly help in reducing the iniƟ al cost of 
building construcƟ on and cost of energy consumpƟ on.

76



comfort varies with every occupant based on their cultural and social 

pracƟ ces, their economic condiƟ on and so on. Therefore, before ini-
Ɵ aƟ ng the research in terms of fi eldwork, it is important to look into 

some important research works that have analyzed the role of the 
adapƟ ve controls available to the occupants in the tropical regions of 
the world. Few studies are discussed as below:

i. Study 1: Survey of occupant behaviour and control of the indoor 
environment in Danish dwellings. 

In a research by Anderson et al., a quesƟ onnaire survey was conduct-
ed in summer and winter months of 2006 in Danish dwellings to iden-
Ɵ fy the important factors that aff ected occupant’s interacƟ on with 
building control systems (such as solar shading, window opening be-
haviour, the paƩ ern of use of diff erent mechanical systems such as air 
condiƟ oning, air coolers, fans etc.) to achieve lower indoor tempera-
ture. The survey showed that in Danish dwellings, window opening 
behaviour was strongly related to the outdoor environment. Some of 
the factors that infl uenced window opening were perceived illumina-
Ɵ on, perceived air quality and noise levels. It was observed that bright 
outdoor environment, higher noise levels and good air quality led to 
an increase in the prevalence of open windows in comparison to the 
darker outdoors, lower noise levels and bad air quality.  Other factors 
that infl uenced window opening behaviour were solar radiaƟ on, own-
ership condiƟ ons of the dwellings, fl oor area, age and gender of the 
respondent and so on. 

Hence, the survey provided a new insight on factors that infl uenced 
occupant behaviour in Danish dwellings to achieve comfort and 
the results obtained were believed to have the potenƟ al to form a 

similar explanaƟ on given by Bordass et al. (1994), staƟ ng that people 
accept variaƟ ons from a predictable source, such as in naturally ven-
Ɵ lated buildings, which can also be controlled subject to their pref-
erences. Thus, to ensure good performance of a naturally venƟ lated 

building with natural daylight modulaƟ on, it is important to consid-
er user interacƟ on with the building control systems. In their study, 

Leaman and Bordass (1999), found that the building users that were 
provided with opportuniƟ es of user control were more forgiving as 

compared to the users that were highly dependent on the mechan-
ical systems. Another study by Paciuk established a very strong rela-

Ɵ onship between thermal comfort and the degree of perceived con-

trol, which means that the users with a high degree of control over 
an adapƟ ve tool such as window showed a higher level of thermal 

and visual saƟ sfacƟ on (Andersen, R.V. et al., 2009). Hence, it becomes 
important to consider occupant interacƟ on with the building control 

systems while designing buildings because variaƟ ons in occupant be-
haviour signifi cantly aff ects the energy consumpƟ on of the buildings. 

Thus, it can be said that the use of control creates a sequence of rela-
Ɵ onships between the outdoor environment and comfort condiƟ ons 

in a naturally venƟ lated building (e.g. opening windows and turning 
the fans off  etc.).

Regarding the use of controls, a lot of research is available by the way 

of studies conducted in buildings located in diff erent climaƟ c regions 
of the world by experts such as Fergus Nicol, Richard de Dear, Gail Brag-

er, Charlie Huizenga, Hui Zhang, Edward Arens, Madhavi IndraganƟ  
etc. However, there are very few studies available based on occupant 

behaviour in terms of the use of environmental controls in residenƟ al 
buildings, and further fewer studies from India, since the noƟ on of 
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that relaƟ ve humidity does not have a signifi cant impact on the com-
fort temperature. But, both Nicol and Rijal et al. agree to the role of 
skin moisture and evaporaƟ on in aƩ aining comfort in hot and humid 
climaƟ c condiƟ ons (Nicol, 1974; Rijal et al., 2015).  Thus, this paper 
recommends opening a window and increasing the use of fan when 
temperature in hot and humid climate rises, as an eff ecƟ ve approach 
in aƩ aining comfort. Moreover, research by Berkeley and Brager et al. 
(2004) also suggests that an increase in the indoor wind velocity by 
1m/s has a potenƟ al to raise the indoor comfort temperature by 3 or 
4oC. Similarly, research by Nicol (2004) also advocates that the use of 
air movement has the potenƟ al to reduce the indoor temperature by 
about 4oC. 

Hence, the above studies strongly emphasize on the design of the 
openable windows and the provision of ceiling fans in a hot and hu-
mid climate in creaƟ ng an eff ecƟ ve air movement to achieve adapƟ ve 
thermal comfort. 

iii. Study 3: Determining the frequency of open windows in residenc-
es: A pilot study in Durham, North Carolina during varying tempera-
ture condiƟ ons.  

Many studies have shown that the Air Exchange Rate (AER) is sig-
nifi cantly aff ected in residences due to the locaƟ on and number of 
doors and windows opened. Other factors that infl uence AER are wind 
speed, indoor and outdoor temperatures, fans, air condiƟ oners, oper-
aƟ on of heaters, wind direcƟ on and so on (Wallace et al., 2002; How-
ard-Reed et al., 2002).  

This research points out the lack of informaƟ on available on the data

framework in defi ning standard behaviour paƩ erns that could then be 
implemented in building simulaƟ on programs to enhance their validity. 

This research also highly signifi ed that small acƟ ons by users such as 
opening a window are also entangled with several diff erent parame-
ters, which means that comfort and the process of achieving comfort 
cannot be a monotonous act of control but is a result of the infl uence 
of various other factors as menƟ oned above. 

ii. Study 2: AdapƟ ve thermal comfort in Japanese houses during the 
summer season: Behavioural adaptaƟ on and the eff ect of humidity. 

The temperature at which the residents feel comfortable suggests 
customary household temperatures that might aid in minimizing the 
excessive energy consumpƟ on and save the overall energy expendi-
ture of households (Rijal et al., 2015). 

Considering the above hypothesis, Rijal et al., (2015) undertook an 
invesƟ gaƟ on to understand behavioural approach in Japanese houses 
by conducƟ ng occupant behaviour survey and thermal comfort survey 
in the living rooms and bedrooms of 120 houses in the Kanto region 
of Japan. The study correlated comfort temperatures with indoor rel-
aƟ ve humidity, skin moisture sensaƟ on and absolute humidity. This 
correlaƟ on was carried out because according to a study conducted 
by Fergus Nicol, it was observed that the users felt more uncomfort-
able in a moist environment even by a small change in temperature 
as compared to dry environments. His study also suggested that in  a 
humid climaƟ c condiƟ on where the relaƟ ve humidity is higher peo-
ple usually preferred 1oC lower temperatures to remain comfortable. 
However, this study by Rijal et al. contradicts Nicol’s study by staƟ ng
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Thus, it can be said that the percentage of window/door opened is 
correlated with various addiƟ onal factors and hence this value will al-
ways be diff erent for diff erent households.  

iv.  Study 4: AdapƟ ve use of natural venƟ laƟ on for thermal com-
fort in India and Pakistan 

Windows connect the indoors with the outdoors – visually, spa-
Ɵ ally and physically, by allowing natural light and venƟ laƟ on into 
the interiors and by providing external views. But, having windows 
does not mean that they improve the adapƟ ve opportunity of the 
building (Nicol and Humphrey, 2002). Based on the above specula-
Ɵ on, this research was an invesƟ gaƟ on into fi nding the relaƟ on-
ship between the use of available adapƟ ve controls and the ther-
mal sensaƟ on of the occupants in residenƟ al buildings in the hot 
and humid climate. A survey by IndraganƟ  (2010), recorded the 
use of environmental controls such as windows, curtains, doors 
and user comfort responses, which was carried out in fi ve medi-
um-sized residenƟ al apartments in Hyderabad, were 113 subjects 
parƟ cipated during the summer (May) and monsoon (July) months. 

One of the important fi ndings of this research was that it challenged the 
Indian set standards for comfort (23-26oC) since the analysis suggested 
that with the neutral temperature at 29.2oC, the comfort band obtained 
was between 26-32.5oC, hence quesƟ oning the data and methodolo-
gy considered in determining comfort standards for Indian dwellings. 

It also points out the user preference for balconies which opened in a 
semi-enclosed private space since they off ered beƩ er sun protecƟ on, 
privacy and glare control.  

base of the window opening in creaƟ ng algorithms such as esƟ maƟ ng 
pollutant concentraƟ on in micro-environments. To fi ll this gap of the 
lack of empirical data on the opening and closing of windows, a visual 
survey of doors and windows locaƟ on in the residences in Durham, 
North Carolina was undertaken. It also aimed at obtaining data that 
could be useful to modellers in determining window posiƟ on with 
respect to other condiƟ ons such as the characterisƟ cs of residences, 
meteorological condiƟ ons, Ɵ me of the day, socio-economic level of 
the occupants, seasons, populaƟ on density etc. Thus, for this research 
census data for the chosen research locaƟ on was studied, such as to-
tal populaƟ on, populaƟ on density, percentage of residents below the 
poverty line, land area and housing unit density. The analysis of the 
collected informaƟ on helped in construcƟ ng a database on the bases 
of 1100 residences. Several parameters such as date, Ɵ me of the day, 
locaƟ on, relaƟ ve humidity, apparent temperature, wind speed and 
cloud cover were considered while undertaking this research. It also 
included specifi c data for each house such as housing type, number 
of unused doors and windows, exterior material, number of opened 
doors and windows etc.  

Similar to the outcomes from the research conducted by Anderson 
et al. (2006) in the Danish dwellings, this research by Ted Johnson 
and Tom Long (2005), aided in suggesƟ ng that residenƟ al openness, 
meaning the opening and closing of the doors and windows is mostly 
likely to be aff ected by season, populaƟ on density, occupancy, hous-
ing type, housing density, exterior material, number of doors and win-
dows, presence and type of air condiƟ oning, temperature, wind speed, 
cloud cover and humidity.
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Furthermore, this study also discovered that the availability of envi-
ronmental controls such as windows, doors and curtains were used to 
aƩ ain thermal and visual comfort as the indoor temperature moved 
away from the comfort band and were eff ecƟ vely used to minimize the 
heat gain, hot breezes and glare. 

In yet another study by Nicol et al. (1999), longitudinal surveys were 
carried out across fi ve ciƟ es in Pakistan, using 25 subjects for a week 
during the two seasons of winter and summer. This research looked 
upon the use of diff erent controls by the occupants to modify the in-
door thermal condiƟ ons as well as their variaƟ on in clothing according 
to the seasons. The outcome of the study highlighted several ways in 
which the workers in diff erent parts of Pakistan reacted to the wide 
range of temperatures. They found that the use of fans in summer and 
layers of clothing in winter was universal. Both the studies, in India 
and Pakistan, emphasize the lack of adapƟ ve opportuniƟ es available 
to the occupants to ensure comfort both in summers and winters. 
Thus, these studies determined the factors for which the adapƟ ve con-
trols were essenƟ al, and they were window orientaƟ on, sunshades, 
daylight penetraƟ on, privacy etc. and also various other factors that 
were not taken in to consideraƟ on but maƩ ered, such as safety, avail-
ability of controls, operaƟ on and maintenance of controls, protecƟ on 
from stray animals and birds, mosquitoes and so on.

d. Occupant comfort and operable windows 

It is important to note that all the above studies point out to the im-
portance of windows in buildings since they were used to achieve 
thermal and visual comfort by air movement through building ori-
entaƟ on, window orientaƟ on and sizes and so on. The studies high-
lighted how occupant control in operaƟ ng windows infl uences oc-
cupant thermal-visual control, local thermal-visual condiƟ ons and 
the acceptability of thermal-visual variaƟ ons. Hence, understand-
ing the infl uence of windows on the indoor comfort is important 
because it is greatly infl uenced by the exterior condiƟ ons which 
signifi cantly aff ects the radiant heat exchange between the envi-
ronment and the occupant and also because windows act as the 
link between the indoor and the outdoor environment (Fig.4.2.). 
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Both the studies focused on the importance of the provision of ‘opera-
bility and openability’ of a window, careful placement and orientaƟ on 
of windows for beƩ er adapƟ ve use of environmental controls. 

Fig.4.2. Window - as an interface between external and indoor environment.  
(Intechopen)

Windows tend to absorb and transmit a considerable amount of solar 
radiaƟ on. The temperature of the glass is aff ected by the absorbed 



radiaƟ on hence infl uencing the Mean Radiant Temperature of the in-
door space (IndraganƟ , 2010) and a person siƫ  ng next to a window 
experiences heat gain because of the transmiƩ ed radiaƟ on, which of-
ten causes discomfort if it directly falls on the occupant (Arens et al., 
1986). In tropical parts of India like Mumbai, thermal comfort is gen-
erally not related to the U-value but is closely interconnected with the 
solar transmiƩ ance (Lyons et al., 1999). One such study conducted by 
Sengupta et al. (2005), demonstrated summer dayƟ me (780W/m2 so-
lar radiaƟ on) scenario where a simulated comfort in a room indicated 
that a change from single glazing to double glazing did not improve the 
thermal condiƟ ons of the room. However, thermal comfort was signifi -
cantly improved by reducing the glass-to-fl oor area raƟ o from 40% to 
20%. Considering the above research, it can be said that for hot-humid 
or hot-dry regions, the occupied zones should receive minimal or no 
direct solar radiaƟ on since higher glass-to-fl oor area results in higher 
solar gains and higher illuminance levels, thus creaƟ ng uncomfortable 
environmental condiƟ ons and ulƟ mately gives rise to the use of me-
chanical systems to achieve instant comfort. Hence, the increasing 
number of glass buildings with maximum glazed facades in major Indian 
ciƟ es needs to be reconsidered. Therefore, to achieve minimum solar 
radiaƟ on, building design, window design and eff ecƟ ve solar shading 
devices must be taken in to consideraƟ on (Olesen & Parsons, 2002).
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All the studies discussed in this chapter also suggests the need to con-
sider solar transmiƩ ance and air movement as the two most import-
ant factors to obtain indoor comfort. Behavioural adaptaƟ ons such as 
window opening and fan use can increase air movement to achieve 
adapƟ ve comfort, whereas eff ecƟ ve shading strategies can reduce 
excessive solar gains and at the same Ɵ me also aid in achieving re-
quired illuminance levels. Moreover, the above research also lays an 
emphasizes on the importance of the study of occupant behaviour and 
various factors that infl uence their behaviour since they form a signifi -
cant parameter in explaining the mechanism of the adapƟ ve model. In 
conƟ nuaƟ on to the above literature, this research further documents 
an invesƟ gaƟ on into fi nding the relaƟ onship between the use of adap-
Ɵ ve controls and the thermal-visual sensaƟ on of the occupants in resi-
denƟ al buildings in the hot-humid and hot-dry climate of Indian ciƟ es.
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RoƟ  (food), kapda (clothes) and makaan (house), to provide these 
basic ameniƟ es to its populaƟ on has been the main objecƟ ve of the 
Indian government post-independence Ɵ ll this date. According to the 
2011 census, 13.7 million households in Indian ciƟ es live in the infor-
mal seƩ lements. Around 64 million people live in these slums which 
is about 17.4% of the total urban populaƟ on of India (Kaul, 2015). To 
cater to the issue of housing, the present government has launched 
‘Pradhan Mantri Awas Yojna’ that aims to provide 20 million homes by 
2022 (NaƟ onal Building OrganizaƟ on, 2016). While, the government  
as well as the private bodies are building millions of homes all over 
India, very liƩ le aƩ enƟ on is being given on the sustainability of these 
homes. There are no major guidelines available regarding the quality 
of life that needs to be provided since the scheme talks only about 

supplying a certain number of houses. 

Apart from construcƟ ng new aff ordable housing by the government 
of India, the other type of residenƟ al uprise is of redevelopment proj-
ects. There are two reasons for this uprise. One is the amendment 
to the Maharashtra Apartment Ownership Act (MAOA) which allows 
the redevelopment of old buildings with 51% consent from apartment 
owners, as opposed to 100% owner consent (Rawal, 2018). It means 
that if 51% of the total apartment owners of a building are willing 
to demolish their old building and construct a new one, it is allowed 
and very much possible. It is expected that this will allow the recon-
strucƟ on of old residenƟ al buildings at a much faster rate. This is to 
speed up the development plan of a city like Mumbai and provide the 
owner with beƩ er living spaces. However, it is also argued that the 
developers have a greater advantage since there are high chances that 
the redevelopment would turn out as per the developer’s preferences 
rather than the owner’s requirements, which might be to retain the 
culture, tradiƟ on and relaƟ ons that are built over Ɵ me. The second 
reason for the uprise, especially in the city of Mumbai, is the ‘Self-Re-
development Scheme 2018’. This scheme allows the co-operaƟ ve 
housing socieƟ es to redevelop their buildings on their own without 
handing it over to the developer (Dhanorkar, 2019). A single window 
system to acquire all the permissions makes it easy for the housing 
socieƟ es to avoid unwanted delays, which means that all the required 
permissions to construct a new building can be obtained from the 
town planning department at the same Ɵ me without having to go to 
the diff erent authoriƟ es. The Maharashtra Housing and Area Devel-
opment Authority (MHADA), the supervisory authority, also provides 
the housing socieƟ es with a panel of professionals such as architects, 

Fig.5.2. Housebuilding in India (BBC)
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The fi eld studies are of three completely diverse housing typolo-
gies within these ciƟ es, that are either trending apartment designs

at present or hold rich historic importance and are climaƟ cally respon-
sive buildings. The three case studies chosen are as follows:

1. Apartment, Andheri (Mumbai) (Fig.5.3.) 

2. Chawl, Parel (Mumbai) (Fig.5.4.)

3. Wada, Shivaji Peth (Kolhapur) (Fig.5.5.)

The reasons for selecƟ ng these buildings are described below:

1. Apartment (Fig.5.3.): It was important to fi rst and foremost 
understand the ongoing housing trends in Indian urban areas such as 
Mumbai. It was essenƟ al to look at the current design of residenƟ al 
structures, the materials used, the technology, the comfort of the oc-
cupants, their pleasure or displeasure over their living spaces and if 
there was any room for improvement. The focus of this study, howev-
er, was to understand the comfort condiƟ on of the user.

Since the research focuses on the importance of windows, it was es-
senƟ al to idenƟ fy the common window trends, their contribuƟ on to 
the indoor environment, to the comfort of the user, their role in creat-
ing social interacƟ on and their importance in the daily life of the user. 
It was important to analyze the current trend in window design, user 
saƟ sfacƟ on and dissaƟ sfacƟ on regarding the same so that suggesƟ ons 
could be made in terms of design, materials or techniques to further 
improve the role of windows in creaƟ ng indoor environmental com-
fort and be aff ordable as well.

2. Chawls (Fig.5.4.): They are considered as buildings that are de-
signed in a way that enhances the social and cultural essence of the 
occupants. It was necessary to study these 80-year-old dwellings be-

contractors and so on required for the redevelopment along with loan 
provision from the Central CooperaƟ ve Bank (Jain, 2018). 

The government is adopƟ ng all the necessary steps that can aid in pro-
viding housing for the growing populaƟ on. However, contrary to the 
government’s agenda to provide housing for all, some reports suggest 
that the housing demand of the country is already met. According to 
these reports about 10.10% urban homes and about 6.2% of homes 
in the rural areas lie vacant (Mammen, 2017) (Sharma, 2018). It is the 
unaff ordability of these homes that leave them unoccupied. At pres-
ent, millions of dwellings are being constructed and with millions of 
newly constructed unoccupied dwellings, there are very few reports 
on how sustainable these residenƟ al blocks are or will be. Neither 
does ‘Housing for All’ scheme looks into the issue of sustainability 
of the millions of homes nor the exisƟ ng buildings have integrated 
any features in terms of design, material or construcƟ on techniques 
to make them sustainable. Hence, although the Indian government 
might be able to  provide the basic necessity of housing for everyone, 
there lies a more serious issue of providing sustainable and low-ener-
gy consumpƟ on housing stock. 

Therefore, looking at the rapid growth in the housing sector it is of 
utmost importance to idenƟ fy and reform the current housing trends 
to reduce the possible substanƟ al amount of energy that is being 
consumed and will be consumed in future (refer Chapter 01, p15). 

For this reason, this chapter looks at two diff erent urban areas, one 
that is already a mega-city and the other that is a developing city,  
with two diff erent climaƟ c condiƟ ons i.e. hot-humid and hot-dry. 
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cause even today they have the potenƟ al to provide indoor thermal 
and visual comfort to its user. In spite of being Ɵ ny usable spaces, 
these units are preferred by the occupants over apartments. Hence, it 
was essenƟ al to look into the quality of life these spaces provided and 
highlight the role of openings in providing beƩ er living condiƟ ons to

the occupants in a dense city like Mumbai.  

3. Wada (singular) (Fig.5.5.) or wadis (plural) are about 125-year-
old residenƟ al units. The design of the built form, the use of materials, 
the openings are some of the factors that contribute to the comfort-
able indoor environments of these spaces even today. It was, there-
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Fig.5.3. Apartment Fig.5.4. Chawl Fig.5.5. Wada



Mumbai, India
(hot & humid)
19.0760oN, 72.8777oE

Kolhapur, India
(hot & dry)
16.7050oN, 74.2433oE

fore, essenƟ al to understand the infl uence of these elements in creat-
ing  such an environment and address the role of windows in doing so. 

The aim of taking up these three completely diverse housing typolo-
gies was mainly to idenƟ fy their window systems. To explore how they 
performed in the current climaƟ c condiƟ ons and the present urban

Fig.5.6. LocaƟ on of Mumbai and Kolhapur (Google Maps)

seƫ  ngs and how aff ordable they were. With the three housing typol-
ogies, 3 window types that were idenƟ fi ed are as follows:

1. The Contemporary Window from an Apartment, Andheri (Mumbai)

2. Hot & Humid Window from Chawl, Parel (Mumbai)

3. Hot & Dry Window from Wada, Shivaji Peth (Kolhapur)
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WEATHER DATA

FOR MUMBAI

Meteonorm, an online weather source, was used to acquire weather 
data for Mumbai region. A climate database that has been developed 
for over 30 years, is based on the data collected from various weather 
staƟ ons throughout the world and from geostaƟ onary satellites (Re-
mund, 2018). For radiaƟ on parameters, the data period is 1991-2010 
whereas for parameters such as temperature, wind speed, humidi-
ty etc., 2000-2009 data periods are available. Meteonorm produces 
monthly, daily, hourly fi les and is available in various predefi ned for-
mats for diff erent building simulaƟ on soŌ ware. 
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Fig.5.7. Daily Annual Temperature (Minimum & Maximum) - Mumbai (Mete-

onorm)

Fig.5.8. Solar RadiaƟ on (Global and Diff used) - Mumbai (Meteonorm)

Apart from Meteonorm, Weatherspark was also used to acquire 
weather data for Mumbai region for which the geographical coordi-
nates taken for the city were 19.0760oN, 72.8777oE.

The Climate:

The weather of the city can be disƟ nctly categorised into three 
main seasons of summer (March-May), monsoon (June-Septem-
ber) and winter (November-February). The fi rst graph represents 
the annual maximum and minimum temperature (Fig.5.7) recorded 
for Mumbai, whereas the second graph shows global and diff used 
solar radiaƟ on (Fig.5.8) received. Comparison of both the graphs 
indicates that the maximum temperature recorded during the sum-
mer months – from March Ɵ ll May is when the temperature cross-
es 36oC mark and receives the highest solar radiaƟ on. The maximum 
and minimum temperature diff erence during winters and summers 
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Fig.5.11. Share of Wind DirecƟ on- Mumbai (Meteonorm)

The solid line is the average rainfall over the course of 31-days while the thin 
doƩ ed line is the corresponding average rainfall.

Fig.5.9. Average Monthly Rainfall - Mumbai (Weatherspark)

is greater as compared to the monsoon period. The city experienc-
es rainfall from May end Ɵ ll October with maximum rainfall during 
the month of July. Although the skies are generally clear in the city 
throughout the year, the maximum number of overcast skies are ob-
served during the months of monsoon. The lower solar radiaƟ ons 
(Fig.5.8) received due to overcast skies during monsoons (Fig.5.10) re-
sult in lower dayƟ me temperature (Fig.5.7). Thus, except for the mon-
soon season, the temperature soars during the day due to high solar 
radiaƟ on, while at night it drops. 

With respect to winds, Mumbai mostly receives west, southwest and 
northwest winds (Fig.5.11) throughout the year. Fig.5.10. Cloud Cover - Mumbai (Weatherspark)



The graph illustrates the typical weather for Kolhāpur and Mumbai, based 
on a staƟ sƟ cal analysis of historical hourly weather reports and model recon-
strucƟ ons from January 1, 1980 to December 31, 2016.

Fig.5.12. Daily Average Low and High Temperature of Mumbai and Kolhapur.
(Weatherspark)

diff erence of 15oC. On the other hand, the maximum and minimum 
temperature diff erence during monsoons is lower in Kolhapur and 
further lower in Mumbai. This is due to higher humidity levels during 
the monsoon season and comparaƟ vely cooler temperature. It should 
also be noted that, before the onset of winter, both the ciƟ es expe-
rience the ‘October heat’. During this Ɵ me the southwest monsoon 
winds start withdrawing gradually from the Indian sub-conƟ nent, thus 
marking the transiƟ on from hot rainy season to dry winter season 
(Guwalani, 2009).
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CLIMATE COMPARISON

The climaƟ c data analysed here is taken from Weatherspark.com. This 
website was chosen over Meteonorm because the climaƟ c data for 
Kolhapur (the 2nd city) was not available with Metonorm but with 
the later. The graph on the right-hand side compares the daily aver-
age high and low air temperatures of Mumbai and Kolhapur since the 
housing typologies from these two ciƟ es are studied further. It is im-
portant to compare the climate of both the regions just to understand 
the similariƟ es as well as the diff erences with respect to the climate 
and to determine the potenƟ al of bio-climaƟ c features that can be 
in-cooperated in the window design of the habitats of these places.

  

Temperature

Throughout the year the temperature in Mumbai varies between a 
minimum of 19oC and maximum of 34oC. Seldom the temperature 
drops below 16oC or rises above 37oC. Whereas in Kolhapur the tem-
perature during summers can be as high as 38oC and as low as 16oC 
during the winter season. Also, being close to the coastal belt, the air 
in Mumbai always contains lot of moisture, due to which the tempera-
ture throughout the year in Mumbai does not fl uctuate a lot as com-
pared to the temperature in Kolhapur that experiences a high fl uctua-
Ɵ on in summer and monsoon temperatures (Fig.5.12.).

Another observaƟ on is the greater diff erence between high and low air 
temperatures in Kolhapur especially during the summer months. On 
the same day, the day-Ɵ me temperature in Kolhapur during summers 
can be as high as 37oC and can be as low as 22oC i.e. a temperature



5.13.(b).  Kolhapur, India5.13.(a).  Mumbai, India

The graph illustrates the typical weather for Kolhāpur and Mumbai, based on a staƟ sƟ cal analysis of historical hourly weather reports and model reconstruc-
Ɵ ons from January 1, 1980 to December 31, 2016.

Fig.5.13. (a) (b). Climate Comparison of Mumbai and Kolhapur - Average Hourly Temperature.
(Weatherspark)
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Furthermore, the fi gures below give a compact characterizaƟ on of the 
average hourly temperature throughout the year for Mumbai and Kol-
hapur (Fig.5.13.(a) (b)).

The temperature in Mumbai is generally comfortable at night during 
winters i.e. from 8 pm to about 7 am. However, the summer nights, 
as well as the nights during the monsoon season, are comparaƟ vely 
warmer. With respect to Kolhapur, which experiences hot and dry cli-
mate, the winter temperature at night Ɵ me can be very pleasant and 
cool. Although the summer and monsoon nights are relaƟ vely com-
fortable i.e. the temperature during this Ɵ me is between 18oC to 24oC, 
the summer nights, especially from May-June are warm. 

The dayƟ me climaƟ c condiƟ on in Mumbai is warm for a maximum pe-
riod, irrespecƟ ve of the season, while Kolhapur ranges from comfort-
able to warm to sweltering (Fig.5.13.(b)). The period from 12 pm to 4 
pm is usually hot in Mumbai, especially during the summer and winter 
season. While the summer months in Kolhapur can be extremely hot 
i.e. the dayƟ me temperatures crosses 35oC. Similar high temperatures 
in both the ciƟ es were also noted during the fi eldwork and were re-
corded during conƟ nuous measurements as well and are presented 
later.

The average hourly temperature, color coded into bands. The shaded overlays indicate night and civil twilight



5.14.(a). Mumbai, India 5.14.(b). Kolhapur, India

Fig.5.14. (a) (b). Climate Comparison of Mumbai and Kolhapur - Humidity Comfort levels.
(Weatherspark)

95

Humidity (Fig.5.14 (a) (b))

The data for humidity from Weather Spark, a weather database, is 
based on dew point. Since dew points regulate if perspiraƟ on will 
evaporate from the skin, higher dew points feel more humid which 
means less evaporaƟ on of perspiraƟ on and lower dew-points feel dri-
er. Dew point temperature changes slowly as compared to tempera-
ture, which means a muggy day is followed by a muggy night. 

With three disƟ nct seasons of summer, monsoon and winter, Mumbai 
experiences the maximum number of muggy days which is about 9 
months (Fig.5.14.(a)).

Being away from the coastal belt, Kolhapur has a pleasant climate 
with respect to humidity. The humidity levels are higher for about 7 
months, but as compared to Mumbai are sƟ ll much more comfort-
able (Fig.5.14.(b)). Thus, it can be said that both Mumbai and Kolha-
pur experience higher temperatures, especially during the summer 
months and most of the year, is also hot. Due to the proximity to the 
sea, Mumbai encounters higher humidity levels because of which the 
night Ɵ me temperature does not drop drasƟ cally as otherwise seen in 
Kolhapur. Hence, the nights in Kolhapur are relaƟ vely pleasant while 
Mumbai experiences warm nights almost throughout the year.



Fig.5.15. Climate Comparison of Mumbai and Kolhapur - Average Monthly 
Rainfall. (Weatherspark)
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Average Monthly Rainfall (Fig.5.15)

The graph indicates a disƟ nct monsoon season, for both Mumbai 
and Kolhapur that begins in the month of May. The highest rainfall 
received by both the ciƟ es is in the month of July. As compared to 
Kolhapur, Mumbai experiences higher rainfall. Thus, apart from the 
close proximity to the sea, the high humidity levels in Mumbai (Fig.5.9 
(a)) can be also be correlated with the higher rainfall levels during the 
monsoon period.

Chances of Clearer Skies (Fig.5.16)

Although Mumbai experiences higher rainfall, the percentage of clear 
skies in Mumbai, throughout the year, is greater as compared to Kol-
hapur. The percentage of clear skies in Kolhapur is between 40 to 70% 
during the summer and winter months and drops to about 10 to 40%  
during the monsoons. Whereas, in Mumbai, the percentage of clear 
skies is between 50 to 90% during the summer and winter months and 
drops to about 18 to 40% in the monsoon season. 

Refl ecƟ ons:

The climate of Mumbai can be summarised as hot and humid with 
heavy monsoon. Being close to the sea, the humidity levels in the city 
are high throughout the year. 

The climate of Kolhapur can be summarised as hot and dry. The 
amount of rainfall received in this region is comparaƟ vely lower than 
Mumbai. 

Fig.5.16. Climate Comparison of Mumbai and Kolhapur - Chance of Clearer 
Skies. (Weatherspark)



Andheri, Mumbai
19.1136oN, 72.8697oE

Parel, Mumbai
19.0213oN, 72.8424oE

Fig.5.17. Field-study sites - Andheri & Dadar
(Google Maps)

th
e 

ci
ty

 
o

f 
d

re
am

s

97



Brief History of Mumbai:

The city of seven islands (Fig.5.18.) was a fi shing hamlet unƟ l the 16th 
century. In the 1630s, this city was surrendered to the Portuguese by 
the Mughals, who named the city as ‘Bom Bai’ or ‘the Good Bay’ (Ris-
bud, 2001). In 1662, King Charles II of England was giŌ ed this Por-
tuguese territory as dowry, which was then rented out by the King 
to the East India Company (Clark and Moonen, 2014). It was during 
this Ɵ me that the city saw a disƟ nct transformaƟ on. The building up 
of ports, customs house, warehouses, causeways, hospitals, forts and 
castles aƩ racted people from within the country as well as from Brit-
ain to invest in this territory. By 1864, Mumbai was connected with 
rail services with the coƩ on-growing areas, which led to the growth of 
coƩ on texƟ le industries. The emergence of various job opportuniƟ es 
led to a great infl ux of skilled and unskilled labour from various parts 
of the country. Hence, over the years this fi shing village evolved to 
become an industrial hub to the fi nancial and commercial capital of 
the country. 

Today, it is the most globalized city in South Asia with major corpo-
rate headquarters, centre for foreign investments and joint ventures. 
It is a hub for small entrepreneurs. Mumbai is home to the economic 
centres of the State Bank of India and Reserve Bank of India (Risbud, 
2001) (Clark and Moonen, 2001). However, with the overall progress, 
the city is also simultaneously experiencing growth in terms of pop-
ulaƟ on and simultaneous growth in housing demand. At present, the 
populaƟ on of Mumbai is esƟ mated to be over 22 million with a popu-
laƟ on density of approximately 73,000 per square mile (Census, 2011).

Fig.5.18. The Seven Islands
(Housing.com)
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Fig.5.19. Land-use Plan of Mumbai
(Mumbai Data)

99



Brief History of Housing in Mumbai:

Over the years the city of Mumbai has constantly evolved along with  
a simultaneous rise in populaƟ on. There have been rulers, locals, mi-
grants, visitors belonging to diff erent parts of the world as well as the 
country, who made Mumbai as their ‘home’. Each seƩ ler brought-in 
their own culture and living style. Hence, like various trades, Mumbai 
has a Ɵ meline of the development of various residenƟ al typologies as 
well.

Some of the prominent typologies are described briefl y below:

•   Gaothans (Fig.5.20.): which means villages, were once was a prom-
inent part of Mumbai’s landscape. It consisted of bungalows lined to-
gether along narrow alleyways (SheƩ y et al., 2007). These were main-
ly owned by the Maharashtrian community. Today, these more than 
100-year-old goathans are almost non-existent.  

•   Chawls (Fig.5.21.): In 1856, the American Civil War that led to the 
disconƟ nuaƟ on of coƩ on supply to England marked as the main rea-
son for starƟ ng up the industrializaƟ on process in Mumbai (Sassen, 
2007). This period is known as ‘CoƩ on Boom’ were texƟ le mills were 
set up in Mumbai (Sanyal, 2018). Apart from coƩ on other industries 
such as shipbuilding, dyes, tram and railway workshops, chemicals, oil 
and paper mills were also set up which led to the creaƟ on of hundreds 
of job opportuniƟ es. Thus, during this period Mumbai saw a great in-
fl ux of people, especially from the rural areas of India migraƟ ng to 
Mumbai. To cater to the growing housing demands, private entrepre-
neurs bought land close to the industrial areas and built one-room 
apartments with shared toilet faciliƟ es. These buildings were called 
‘Chawls’ (SheƩ y et al., 2007).

Fig.5.20. Khotachiwadi
(DNAIndia)

Fig.5.21. Haji Kasam Chawl
(Flickr)
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•   1st Apartments (Fig.5.22.): The Bombay Improvement Trust (BIT) 
was set up in 1899-1900 following the plague epidemic of the 1890s 
(Global Energy Network InsƟ tute). This trust aimed to construct a 
planned suburban scheme in Mumbai to relieve the growing housing 
crisis in the city. Approximately 440 acres of land was developed with 
residenƟ al buildings that were 3 storeys high with proper in house 
sanitaƟ on faciliƟ es. Hindu Colony and Dadar Parsi colony are some of 
the examples of the fi rst planned apartment type housing in the city 
and probably also the fi rst in the country (URBAN, 2012). These apart-
ments saw a prominent infl uence of the Art Deco style of architecture, 
which featured environmental design elements (Marpakwar, 2015). 
According to Jon Lang (2002), in his book ‘A concise history of modern 
architecture in India’, he specifi es some of the environmental design 
features used in these buildings, like, central air shaŌ , horizontal pro-
jecƟ ng surfaces to protect the indoors from the eastern and western 
sun, operable windows to work during power failure, cement jaalis 
and so on. Even today, Mumbai has the highest number of Art Deco 
buildings in the world (Thomas, 2017) and the most extensive exam-
ples can be seen in Churchgate, Malabar hill, Cumbala hill and Bandra 
areas of Mumbai. 

With the success of the ‘apartment typology’, Mumbai then saw a rise 
in the number of apartment buildings. They were now built by gov-
ernment agencies for the high-income group, middle-income group, 
low-income group, by private developers etc. Although they were not 
built in Art Deco style, yet they had a similar basic concept of gener-
ous room sizes (as compared to the chawls) with separate rooms for 
sleeping, living and cooking. They also provided privacy in terms of in-
house sanitary faciliƟ es as opposed to the faciliƟ es provided in chawls.
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Fig.5.22. A Building in Parsi Colony
(Suitcase of Stories)



•   Slums (Fig.5.23.): 902,015 huts in 2335 pockets were idenƟ fi ed 
by the State Government in the 1st offi  cial slum census report (Ris-
bud,  2001). The constant rise in populaƟ on meant increased demand 
for housing in Mumbai. The unaff ordable transport system led to 
encroachment of open public and private spaces, which gave rise to 
the haphazard development in the form of sheds or huts with bare 
minimum civic faciliƟ es and extremely poor living condiƟ ons. Today, 
Mumbai is also very well-known for the largest slum in Asia known as 
‘Dharavi’. 

•   High-rise ResidenƟ al Buildings : According to Dobrucka (2014), 
who has produced a series on ‘The Life on a New High’, states that 
Mumbai is experiencing a boom in high-rise building construcƟ on 
with more than 15 buildings taller than 300 meters under construc-
Ɵ on, were 2500+ high-rise buildings are already constructed (Frear-
son, 2014) (Kavilkar and PaƟ l, 2014). With internaƟ onal designers de-
signing them, these high-rises are transforming the cityscape along 
with the lifestyle of the user.  The need for high-rise buildings is the 
growing populaƟ on and limited piece of land (Misra, 2015). Thus, al-
though Mumbai is experiencing this boom in the high-rise residen-
Ɵ al sector (Fig.5.24.), it is esƟ mated that the city has enough vacant 
apartments, but lie vacant since they are unaff ordable and are high 
maintenance for the low-income group as well as the middle-income 
group populaƟ on (Das et. al., 2018). 

In spite of the unaff ordability issue, the Indian ciƟ es are experienc-
ing a boom in the construcƟ on of high rise residenƟ al buildings, it is 
a trend which is mulƟ plying at a very fast pace. This trend has also 
brought with it a repeƟ Ɵ ve mode of construcƟ on style of residenƟ al 
buildings. With the diff erence in the quality of materials, construc-
Ɵ on work, fi ƫ  ngs such as doors, windows, fl oorings and so on, the 
basic design strategy is the same for all the high-rise residenƟ al con-
strucƟ on. Since this research focuses on windows, if we look at the 
current window design trend, it leads us into a thought process of 
how to make it more sustainable, aff ordable as well as more adap-
Ɵ ve and user-friendly. Therefore, the main aim of this research be-
comes the analysis of architectural as well as the environmental per-
formance of windows and to fi nd out how climaƟ cally responsive 
they are and to what extent they benefi t the user in terms of comfort.
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Fig.5.23. Housing in Dharavi.
(Development Works)



Fig.5.24. A Ɵ meline of highrises built in Mumbai shows the construcƟ on boom of recent years
(Citylab)
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The Contemporary Window from an Apartment
 Andher i  (Mumbai)
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APARTMENT INFORMATION

Name of the ResidenƟ al Building: Panorama Tower, Andheri, Mumbai

Built in: 2005 (which means that the building is about 14 years old)

Number of Floors: G+18

Built by: Prathamesh Builders. 

APARTMENT NUMBER: 703 on the 7th Floor

Owner: Mr. Oza

Area of the apartment: 70 sq.m.

Fig.5.25. Panorama Tower LocaƟ on.
(Google Maps)
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The co-operaƟ ve housing society is located in the sprawling suburbs  
of Mumbai known as Andheri (Fig.5.25.). Panorama tower (Fig.5.27.) 
(highlighted in yellow) is located along the Veera Desai Road (orange 
doƩ ed line). With proximity to Mumbai Metro and the Western Ex-
press Highway, this tower is surrounded by high rise buildings on all 
three sides (highlighted with blue). The front face of the building is 
parallel with the main road, followed by a public and private park 
(highlighted in green).

The Ground+18 tower comprises of 94 apartments (Fig.5.26.) and was 
built in 2005 by Prathamesh builders and designed by Design Duo. 
The cosmopolitan building is maintained by the residents themselves, 
where each resident is charged a monthly maintenance fee according 
to the area of their apartment. The building consists of 1BHK, 2BHK, 
3BHK and 4 BHK apartments. (Note: BHK - Bedroom, Hall, Kitchen). Fig.5.27. Panorama Tower LocaƟ on.

(Source: Google Maps)

Panorama Tower

Veera Desai Road

Surrounding residenƟ al Buildings

Fig.5.26. Panorama Tower LocaƟ on.
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Fig.5.28. Floor Plan Fig.5.29.SecƟ on A-A’

LOCATION OF MR.OZA’S APARTMENT

The apartment chosen for the fi rst case study belongs to Mr.Oza.  
Located on the 7th fl oor, the apartment lies between two occupied 
apartments and faces the main road (Fig.5.29.). There are 7 apart-
ments on each fl oor (Fig.5.28.).

Building ConstrucƟ on

The building has an R.C.C (Reinforced Concrete) construcƟ on. The 
walls are 230 mm thick brick walls with vitrifi ed fl ooring. The windows 
provided by the developer are single glazed Ɵ nted sliding windows 
with a sill height of 350 mm. Other materials used in the apartment 
are discussed in detail further. 
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 Fig.5.30. Panorama Tower - Rear ElevaƟ on Fig.5.31. Panorama Tower - Front ElevaƟ on



DescripƟ on of Mr. Oza’s Apartment.

The 2 BHK block is owned by Mr. Oza and he has been living here with 
his family since 2006, which is approximately for about 13 years. Mr. 
Oza is a reƟ red bank offi  cer while Mrs. Oza is a homemaker and their 
daughter works at an MNC (MulƟ -NaƟ onal Company).

Number of people occupying the apartment.

IniƟ ally, the family consisted of 4 people i.e. Mr. and Mrs. Oza and 
their 2 daughters. However, with the marriage of one daughter, the 
apartment is now occupied by 3 people most of the Ɵ mes.

Occupancy PaƩ ern (Fig.5.32.)

Since Mr. Oza is reƟ red, he is at home most of the Ɵ mes. His acƟ viƟ es 
throughout the day involve reading, taking the dog for a walk, watch- 
ing TV. and doing society work and household work if any.

His wife is a homemaker. She usually cooks in the mornings and eve-
nings. 

Their elder daughter is at home mostly in the evenings, early mornings 
and on weekends and holidays, since she is at work on the other days. 

The younger daughter who is married, visits them every alternate eve-
ning with her 6-year-old son for a period of about 2 - 4 hours. Some-
Ɵ mes they both visit the family on the weekends for the whole day. 

The house remains shut only when the family goes for annual holidays 
or some cultural funcƟ ons and fesƟ viƟ es. 

Lunch & Siesta Time: 1:30 to 4:30 - This is when the air condiƟ oning is 
used in the living room and bedroom.

Dinner Time: 8:00 to 9:00 - This is when the air condiƟ oning is used.

Sleeping: AŌ ernoon naps and from 23:00 to 7:00 - air condiƟ oning is 
used in the bedroom whenever they feel hot.  

Fig.5.32. Average Daily Occupancy PaƩ ern

Bedroom Liv / Bed Living Living Living

Kitchen KitchenBedroom Bedroom
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Fig.5.33. Apartment Layout

Fig.5.34. Living Area (a)

The Spaces:

Living & Dining: These two areas are combined to form an elongated 
space (Fig.5.33.) It is used for socializing as well as for having their 
meals. The maximum amount of Ɵ me is spent by the occupants in this 
room which is west oriented and hence receives a lot of direct sunlight 
from aŌ ernoon onwards. It makes the space warm and uncomfortable 
for the users because of which air condiƟ oning is widely used in this 
area post noon, almost throughout the year. 

LocaƟ on of 
A.c units

v

v

(a)

(b)
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spaces. On one hand, the living room window is altered to become 
full height, acƟ ng as an access point into the balcony space (Fig.5.34.), 
while on the other hand the bedroom window is made smaller in 
height to introduce a siƫ  ng-cum-storage space, this makes it more 
private (Fig.5.35). 

Kitchen: It has a linear layout and is relaƟ vely smaller (Fig.5.36.).  The 
sill height of the kitchen window is 0.9m which is just above the cook-
ing plaƞ orm. The sliding window of the kitchen has a provision for an 
exhaust fan to throw the smell from cooking in to the outdoors. 
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Fig.5.35. Master Bedroom (b)

Bedroom: The master bedroom faces the main road and is also west 
facing, similar to the living room (Fig.5.35.). The air-condiƟ oned room 
is mostly used by the occupants during aŌ ernoon naps and at night. 

Both the rooms (living room and bedroom) have windows of diff er-
ent sizes that are altered according to the requirement of the users. 
Also, both the rooms have a common projecƟ ng balcony, which is 
termed as the ‘extra space’ and is now incorporated into their living Fig.5.36. Kitchen (c)

SeaƟ ng- 
cum-storage



Fig.5.37. Rear Bedroom (d)

Rear bedroom: It belongs to the daughter and is mostly used by her 
during the nights to sleep and during the weekends. Like the other 
rooms, this room also has an air condiƟ oning unit, placed just above 
the window. 

The window of this bedroom is not altered. The glass sliding window 
is kept open most of the day since this bedroom does not receive di-
rect sunlight unlike the other rooms and also because it is not used 
throughout the day. The space outside the window, which is between 
the window and the safety grill, is used as a storage space (Fig.5.37.), 
that partly blocks the light entering the room and also blocks the view 
outside. 

Refl ecƟ ons:

It was observed that although the kitchen window is small and the rear 
bedroom is parƟ ally blocked, both the spaces received suffi  cient light, 
and venƟ laƟ on was adequate too. However, the living room (which 
is the most used space) and the adjacent master bedroom received 
excessive daylight and verƟ cal solar radiaƟ on, thus making the west 
facing rooms very bright and hot from aŌ ernoon Ɵ ll evening, almost 
throughout the year. 

The window from the living space is discussed further alongwith the 
alteraƟ ons made to the window and its impact on the indoor environ-
ment.
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Fig.5.39. Window from the living room

Therefore, it was interesƟ ng to study and draw a comparison between 
the original window provided by the developer and the modifi ed ver-
sion (Fig.5.38) (Fig.5.39) (Fig.5.40 (a)) (Fig.5.40 (b)). Moreover, it was 
also essenƟ al to fi nd out how the altered window performed on a dai-
ly basis as well as on the seasonal basis and if the users were saƟ sfi ed 
with the changes made to the exisƟ ng window. 

Fig.5.38. Original Window provided by the builder
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The reason to choose the living room window is that:

1. It is aƩ ached to a space that is extensively used by the family every 
day, throughout the year.

2. AlteraƟ ons have been made to this window for beƩ er perfor-
mance and to acquire more living space as per the needs of the users 
(Fig.5.39.).

THE CONTEMPORARY WINDOW



Fig.5.40.(b) Living room window detail secƟ on - Modifi ed

Metal sheet overhang

Metal safety grill

Washing line

Sliding window

Mosquito net

Curtain

R.C.C slab & projec-
Ɵ on

1.2 to 0.7m

Kadapa stone + Tiles
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Metal safety grill

Washing line

Sliding window

Curtain

R.C.C slab & projec-
Ɵ on

Fig.5.40.(a) Living room window detail secƟ on - ExisƟ ng



ExisƟ ng Window (Fig.5.40 (a)): The windows provided by the devel-
oper is a simple single glazed glass window with a light brown Ɵ nt 
(Fig.5.38). The window sill is approximately 350mm high from the 
fi nished fl oor level. There is a curved canƟ levered projecƟ on (chajja) 
that extends from 0.7m to a maximum of 1.2m from the window. 

Modifi ed Window (Fig.5.40 (b)): One of the prominent characterisƟ cs 
of the altered window is the addiƟ on of the many layers to this open-
ing that resolve the many issue faced by the occupants of the house 
(Fig.5.40.(b)). These layers are discussed and analysed further:

1. The height of the window is changed and made bigger. It is 2.1m 
aŌ er the alteraƟ on. The changes have been made to gain access to 
the projected space, to match the level of the canƟ levered space, so 
that the original structure is not hampered much and also, so that the 
living space and chajja space combine to form a bigger living area. 
Another important reason was to get more light and air into the room. 

2.Safety grill - The shape of the grill is changed and is more protrud-
ing on the outside (Fig.5.41.). Also, the locaƟ on of the grill is changed 
from under the chajja to on the edge of the chajja (Fig.5.42.). The 
safety grills are placed for security. 

3. Net on the grill - A checkered net is fi Ʃ ed on the safety grill to pre-
vent pigeons, and rodents to enter in the apartment (Fig.5.41.)

4. The space between the safety grill and the sliding window - This 
space, which was provided by the developer as a fl ower bed is now 
a mulƟ -purpose space. It is used as a storage space, as a space to dry 
clothes (Fig.5.41.), a seaƟ ng space (Fig.5.42.), to keep the compressor 
of the air condiƟ oning unit (Fig.5.42.) and for poƩ ed plants etc.

5. The sliding window - the full height sliding window (Fig.5.43.) acts 
as an access point to the canƟ levered space as well as the window. 

Fig.5.41. Window as storage space, for poƩ ed plants, washing line.

Fig.5.42. Window as seaƟ ng space and for the compressor.
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This single glazed window is Ɵ nted in brown to reduce the excess solar 
radiaƟ on entering the room as well as for privacy. However, the Ɵ nt-
ed glass is of very liƩ le use, since the solar radiaƟ on received during 
aŌ ernoon and evenings is sƟ ll very high as seen in Figure 5.43., the 
image shows the radiaƟ on received in the living space aŌ er the sliding 
windows are closed. 

7. Mosquito nets - Although there is an installaƟ on of the net on the 
outer safety grill, it does not provide any safety with respect to mos-
quitoes. In India, it is a very common feature to have mosquito nets 
fi xed to an aluminium frame which becomes a part of the sliding win-
dow, that can also slide (Fig.5.44.). This mosquito net window panel 
is used aŌ er the sunset and throughout the night if air-condiƟ oning is 
not used. Apart from keeping the mosquitoes from coming into the 
indoor space, the net also allows venƟ laƟ on. Hence, the use of net 
forms an important part of the modern Indian household since it ful-
fi ls the requirement of health, safety and environmental comfort. 

8. Curtains - In addiƟ on to the Ɵ nted glass and mosquito net, curtains 
also form the part of this window system (Fig.5.43.). Like glass, the 
main purpose of these curtains is also to achieve privacy and minimize 
solar radiaƟ on entering the living space. 

The above descripƟ on of the contemporary window design showcases 
the many layers that the modern window has. Each of these layers has 
its  purpose and are used accordingly. But the quesƟ on is, in spite of 
having so many skins that cater to diff erent funcƟ ons, does the win-
dow provide the desired comfort, does it provide health and safety?

As per the observaƟ ons made during the fi eldwork it can be said that 

Fig.5.43. Window when closed at about 4pm.
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Fig.5.44. Window - mosquito net



the contemporary window does provide safety from the mosquitoes, 
birds and rodents, it also provides privacy but only when the curtains 
are pulled. The posiƟ on of the window with the canƟ lever in the front 
prevents rain from entering the apartment thus protecƟ ng the inter-
nal spaces from heavy Mumbai rains. But, having said that, the fi eld-
work also demonstrated that in spite of Ɵ nted glass, curtains, mosqui-
to nets and so on, the occupants use air condiƟ oning during the day 
especially during meals in the aŌ ernoon and dinner Ɵ me and almost 
throughout the year. The reason being excessive radiaƟ on and glare 
from the west sun. Thus, it can be said that even aŌ er so many alter-
aƟ ons, the window does not serve the purpose of comfort. 

Some of the comments from an interview with the occupants regard-
ing their saƟ sfacƟ on level with respect to their living space are as be-
low:

Q: How does the apartment perform during diff erent seasons (sum-
mer, winter and monsoon)?

A: Winter and rainy seasons are comfortable. It becomes hot in sum-
mer and is very uncomfortable. The aŌ ernoons are especially very hot.

Q: Are there any alteraƟ ons made to the exisƟ ng windows? If ‘yes’, 
then what? Why were they made?

A: Yes, for extra space. The living room window has been converted 
into a French window. The glass panes are Ɵ nted and are one-way 
for privacy and to reduce the solar gains in the rooms. One net pan-
el is added in the living room window for venƟ laƟ on (this was done 
when there was no air condiƟ oning installed). We have also put up 
bird net on the window grill to keep pigeons and crows away. We have 
installed light curtains since the windows are Ɵ nted.  
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Q: When was the air-condiƟ oning installed? Why was it installed? In 

which rooms? (if there is any).

A: Was installed 2 years back in the living room and both the bed-
rooms because it got very hot during the summer.

Q: How important are the windows in terms of polluƟ on, external 
noise, privacy? How do the exisƟ ng windows help?

A: We do not face any privacy issues as such. Since last 3 months, we 
have been facing a lot of disturbance due to an increase in the noise 
level and dust because of the increase in the traffi  c due to the con-
strucƟ on of a fl yover nearby. Because of this, we keep our windows 
shut and use air condiƟ oning more frequently now.  

Refl ecƟ on

If we look closely at Fig.5.31., it showcases diff erent window alter-
aƟ ons on diff erent fl oors. This allows in establishing that since the us-
ers of these apartments were not saƟ sfi ed with the windows provided 
by the developer, the exisƟ ng windows were altered to suit their daily 
requirements and expectaƟ ons from their window, adding their own 
culture and tradiƟ on to it such as addiƟ on of wet curtains on windows 
that received high solar radiaƟ on which let the cool air into the living 
space. 

Further, if we look at Fig.5.30., it can be said that since the developer 
was sure that the occupants might not be comfortable with the living 
spaces provided by him/her, a provision was made to install air condi-
Ɵ oning units. The image clearly shows that 98% of the occupants have 
made use of this provision and have installed air condiƟ oning units to 
achieve indoor environmental comfort. 



Therefore, it can be said that, irrespecƟ ve of the modifi caƟ ons made 
on the exisƟ ng window, the occupants rely on mechanical systems. 
This only shows that the designers and the developers have failed to 
understand the meaning of a window, its purpose and the need for an 
adapƟ ve window. The main purpose of a window should be to achieve 
indoor comfort in terms of light, air and noise. However, nowadays all 
of it is mostly achieved through mechanical systems. 

Based on the observaƟ ons discussed in this chapter detailed fi eld 
work was carried out where spot measurements were taken for a sin-
gle summer day and along with this, an iPhone applicaƟ on known as 
AŌ ab Luminance was also used. This applicaƟ on facilitated the evalu-
aƟ on of the quanƟ ty and quality of natural light received in the usable 
spaces. Furthermore, conƟ nuous measurements were recorded for 
two months during summer when the temperatures in Mumbai rise 
to the maximum i.e. in April and May. Detailed fi eldwork is discussed 
in the next chapter.
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The Hot-Humid Window from t he  ‘Chawls’
 Pare l  (Mumbai)

120



By 1911, about 80% of Mumbai’s total populaƟ on lived in chawls that 
were constructed by the mill owners, private developers or the gov-
ernment body such as Bombay/Mumbai Development Department 
(Sanyal, 2018). The rise of ‘the chawl’ typology took place during the 
Industrial boom which Mumbai witnessed post the American Civil War 
in 1856 (SheƩ y et al., 2007), to house the growing migrant populaƟ on 
which were mainly the mill workers that comprised of single men. The 
chawls were anywhere between two to six-storey high load-bearing 
structures that were built in Ɵ mber and brick with sloping roofs (UR-
BAN, 2012). Due to high maintenance and being expensive, they were 
later replaced by R.C.C structures. 

The typical layout of any chawl consisted of a central courtyard that 
was meant for socializing, a corridor or balcony that was used as a 
transiƟ on space, a room unit which was about 8 to 15 sq.m including 
a mori (washing area) and common toilet facility on each fl oor. With 
a density of 3000 persons/ha, each unit in this typology was occupied 
by approximately 4-5 mill workers (SheƩ y et al., 2007).

Although the original dwellers of this typology were single-male mill 
workers, the possibility of acquiring beƩ er opportuniƟ es for the other 
family members and with no agricultural land leŌ  for farming due to 
debt, the migraƟ on of enƟ re family to the city resulted in families, of 
about 6-10 occupants, living in single chawl units. Even today, most 
of the units are occupied by families who have been living in these 
spaces for generaƟ ons. 

At present most of the chawls are maintained by the Mumbai Mu-
nicipal CorporaƟ on and according to their survey, out of the 36,000 
chawls in Mumbai, 49% were built before 1905 and around 20,000 
buildings are in poor and unlivable condiƟ ons (Risbud, 2001). Fig.5.45. The exisƟ ng chawls in Mumbai.
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But even today, chawls are considered as an integral part of the ur-
ban fabric of Mumbai. They are widely studied for their form and 
their climate-responsive performance. Therefore, the reason to study

chawls was to fi nd out if the form, the design and the locaƟ on of its 
windows and openings were responsible for the posiƟ ve performance 
of this typology.

(c)
Fig.5.45. The exisƟ ng chawls in Mumbai.



Fig.5.46. LocaƟ on of Ahmed Sailor 
Chawl, Parel - Mumbai
(Google Maps)

CHAWL INFORMATION

Name of the Building: Ahmed Sailor Chawl No.5

Built in: 1930 (which means that the building is about 90 years old)

Number of Floors: G+2

Built by: Ahmed Sailor

Apartment Number: Block Number: 13

Owner: Mr. Chavan. 

Area of the apartment: 16 sq.m.

As stated earlier (p 100, p121) chawls were in demand due to the rising 
job opportuniƟ es produced by the mills. Ahmed sailor chawls were also 

developed due to the same reason. The Ahmed Sailor chawls (yellow

area) are in very close proximity to the mills’ area (blue zone) and are 

also located close to Elphinstone road (orange doƩ ed line) and Parel 

railway staƟ on (Western Line) (orange zone) (Fig.5.46). Thus, with a 

fantasƟ c road and rail network and also being closer to the workplace 

makes the locaƟ on of these chawls central and of prime importance. 

Although now, many new buildings have come up around the chawl 

area (seen in white), other chawls can be seen on the right-hand side 

of the Ahmed sailor chawl in grey. During earlier Ɵ mes preference was 

given to Brahmin tenants for their cleanliness and in Ɵ mely payment 

of rent. However, today, the Brahmin’s are replaced by GujraƟ s and 

Marwaris (the business class) since central Mumbai has become a ma-

jor trade hub.
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Fig.5.47. Ground Floor Plan

Fig.5.48. Front ElevaƟ on Fig.5.49. Ahmed Sailor Chawl, Parel - Mumbai

LOCATION OF MR.CHAVAN’S BLOCK

Mr.Chavan’s block is located on the ground level. In all, there are 45 
such units with 15 blocks on each fl oor along with shared toilet area 
on each level (Fig.5.47). Mr. Chavan’s block is number 13. Although 4 
generaƟ ons of Mr.Chavan’s family have been living in this block, they 
follow a ‘Pagadi system’, which means that the family sƟ ll has to pay 
a minimum rent to the owner per month (around Rs.30) and if the 
family decides to sell the house, around 30 to 40 % of the total resale 
value goes to the original owner (in this case the Ahmed Sailor family).
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Fig.5.50. SecƟ on A-A’
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Building ConstrucƟ on: The building is a G+2 structure, where the road 
facing the front porƟ on on the ground fl oor consists of shops plus liv-
ing units. The building has a Ɵ mber frame structure which was recent-
ly parƟ ally replaced with cast iron I-beams (Fig.5.49) at some places 
to support the dilapidaƟ ng structure during the maintenance of the 

chawl by the Mumbai Municipal CorporaƟ on. The walls are 600 mm 
thick brick walls and kadapa stone fl ooring is laid on Ɵ mber secƟ ons. 
The windows provided by the owner are fully openable wooden frame 
shuƩ ered windows with no chajja (overhang) to protect the indoor 
space from direct solar radiaƟ on and the rains.



Fig.5.51.(a). Room height (original) Fig.5.51.(b). AddiƟ on of loŌ  (altered)

entrance door-window combinaƟ on (Fig.5.53.(a)) which is the most 
typical and at the same Ɵ me disƟ nct characterisƟ c of such typologies 
is completely replaced with solid doors to accommodate and facilitate 
the working of an air-condiƟ oning unit (Fig.5.53.(b)).
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The residenƟ al blocks are around 15sq.mts in area. While some have 
retained the original form of the apartment, many have made minor 
to major alteraƟ ons to their living space as per their requirements. 
LoŌ s have been added in some (Fig.51.5.(a), (b)), mori (washing space) 
has been converted in to a proper bathroom (Fig.5.52.(a),(b)), the 



Fig.5.53.(b). AddiƟ on of A.C. and 

changes to door-window design 

(altered)

Fig.5.53.(a). Door - window combi-

naƟ on (original)
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Fig.5.52.(a). Mori (original) Fig.5.52.(b). Mori (altered)



DescripƟ on of Mr. Chavan’s Block

The 16 sq.mt., 1 Room + Kitchen + LoŌ  unit of Mr.Chavan is located 
on the ground fl oor of the Ahmed Sailor Chawl. The unit opens in to 
an internal central courtyard (Fig.5.55.(a)) while the kitchen overlooks 
the kitchen garden in the rear (Fig.5.55.(b)) (Also refer Fig.5.47.)

The living area (Fig.5.54.(a)) (Fig.5.49.(c)) is used by the family to so-
cialize, for having meals, for taking naps, to read and so on. While the 
kitchen (Fig.5.55.(d)) is used for cooking and washing up. The mori 
(open washing area) (Fig.5.55.(e)) is located in the kitchen where 
apart from washing, it is used for bathing as well. Since it is an open 
space, the kitchen door is shut and kitchen window curtains are pulled 
to maintain privacy while taking bath. 

Fig.5.54.(a). Mr.Chavan’s Unit 

Plan

Fig.5.54.(b). Mr.Chavan’s Unit LoŌ  

Plan

Fig.5.55.(a). Mr.Chavan’s Unit - 

Entrance

Fig.5.55.(b). Mr.Chavan’s Unit - 

Kitchen Garden
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Fig.5.55.(d). Kitchen - Worktop & 

Window

Fig.5.55.(c). View of the court-

yard through door+window
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Fig.5.55.(e). Kitchen - Mori Fig.5.55.(f). LoŌ 



Originally, the unit was to have only one room and kitchen, howev-
er, to create a private space, the occupants added a loŌ  (Fig.5.55.
(f)). It was built around 20-30 years back when the rules were lenient 
for refurbishment. With a headroom of only 1.5m, the loŌ  space is 
used as a storage area. It contains water storage tank, books and 
other stored items. The remaining space is used by the son as a pri-
vate space to sleep and to work from home i.e. to do his research 
or write arƟ cle for his magazine. Thus, although the spaces are Ɵ ny 

Fig.5.56. Average Daily Occupancy PaƩ ern

Living

Kitchen

Kitchen

Living

LoŌ 

Kitchen LoŌ LoŌ 

Living/Verandah
Living

Living/LoŌ 

Living/Verandah
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and cramped up, every space is well-defi ned and well-uƟ lized. 

Number of people occupying the apartment.

Even though four generaƟ ons have been living in this unit, the number 
of people currently occupying the space are three, that comprises of 
the father, mother and a son. Father is reƟ red and is at home most of 
the Ɵ mes. Mother is a house maker. Mr.Chavan (son) is a freelance 
writer and works from home most of the Ɵ mes.  



Occupancy PaƩ ern (Fig.5.56.)

The limited space is occupied by all three members since all of them 
are mostly home. The living area is used for the maximum period  
during the day because it acts as a mulƟ -purpose space, while at night 
it is used by the lady of the house to sleep. Throughout the day the 
living space is used for having meals, for watching television, for read-
ing newspaper, for naps, to entertain guests and so on. Due to the ex-
tensive use of this space, the main door and the adjacent window are 
always kept open (Fig.5.55.(c)). The verandah (porch) in front of the 
main door acts as a spillover space and is used to store water, to dry 
clothes, to have evening tea and to socialize (Fig.5.55.(a)). This over-
hang also protects the indoor space from heavy monsoon rains. The 
kitchen space (Fig.5.57.), which is separated from the living area with 
a wooden parƟ Ɵ on is widely used by the lady of the house for cooking, 
cleaning and washing up. Therefore, the kitchen is mostly used from 
10 am to 1 pm and in the evenings from 7 pm to 8 pm for cooking. 
Apart from this, the mori or the open washing area in the kitchen is 
used in the mornings from about 7 am to 8 am for taking bath. While 
at night Ɵ me i.e. aŌ er 11 pm the kitchen is occupied by Mr.Chavan’s 
father for sleeping. The loŌ  space is mostly occupied by Mr.Chavan. It 
is used by him throughout the day mostly since he works from home. 
The elevated, secluded loŌ  space provides decent privacy and a qui-
et environment, as per Mr. Chavan’s requirements, as compared to 
the other spaces. At night, the loŌ  space is used by him for sleeping.

Thus, apart from occasional guests, the block occupancy remains the 
same throughout the year.

Fig.5.57.Kitchen Occupancy PaƩ ern
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The beauty of a simple chawl unit lies in their openings and the form 
of the building. The common central courtyard acts as a place to so-
cialize where everyday children are seen playing and men and women 
chaƫ  ng, performing their chores, etc. The courtyard is also extensive-
ly used for occasional celebraƟ ons such as, during fesƟ vals like Diwali 
and Holi or for wedding ceremonies. During the fi eldwork, it was ob-
served that the doors and windows that open in to the courtyard are 
always kept open throughout the day by the occupants, which means 
that neighbours are always welcomed in each other’s unit and also 
because they feel okay to leave it open without any safety concerns. 
Keeping the door open also allows the spillover semi-open verandah 
(porch) space to be included in the everyday rouƟ ne acƟ vity of the 
inhabitants. The porch space is used as a storage area, for having tea 
or reading newspaper, to have a chat, to dry clothes etc. 

Apart from the social importance these two features of the chawl 
(courtyard and openings) also play a very signifi cant role in creaƟ ng a 
micro climate within the common spaces and also indoors. The form 
of the building and the design and locaƟ on of the openings are one of 
the reasons most of the units in this chawl do not have air condiƟ on-
ing unit installed yet, neither do they have bird nets or mosquito nets 
or Ɵ nted sliding windows. Therefore, it becomes important to under-
stand the role of the unique opening style noƟ ced in chawls that com-
prises of a combinaƟ on of door + window + venƟ lator (Fig.5.58.). Oth-
er than the above, this secƟ on also discusses the opening in the rear 
end (kitchen) of the unit which consists of another window. The single

Fig.5.58. The Door + Window + VenƟ lator Combo

THE HOT-HUMID WINDOW
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window is being divided in to two spaces i.e. the venƟ lator part serves 
the loŌ  and the window part serves the kitchen area (Fig.5.55.(d) (f)). 

The Form & Openings:

Around 90 years ago, the load bearing structure of the Ahmed Sail-
or chawl was built using Ɵ mber secƟ ons. Even today, most of the 
units stand on the Ɵ mber secƟ ons, while some are replaced by mild 
steel I-secƟ ons to support the dilapidaƟ ng structure during the 

Fig.5.59. (a). Entrance Opening Fig.5.59.(b). Kitchen Window
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maintenance work done by the Mumbai Municipal CorporaƟ on. With 
600mm thick external brick walls, the internal walls are either 150mm 
masonary walls or they are wooden parƟ Ɵ ons. The fl ooring is mainly 
in kadapa stone laid over 50mm thick P.C.C (Plain Cement Concrete). 
There are two openings for each unit. One which forms the part of the 
entrance door (Fig.5.59.(a)) that extends into verandah, overlooking 
the internal courtyard and the other on the opposite side, in the kitch-
en area (Fig.5.59.(b)) that overlooks the kitchen garden.



Fig.5.60.(b). The Door + Window + VenƟ lator Combo 

simple opening design feature is also to provide the user with a num-
ber of operaƟ ve opƟ ons to regulate their indoor environment. 

A detailed descripƟ on of each element of ‘the Combo Opening’ and 
the number of alternaƟ ves the individual elements provide are dis-
cussed further.

1. The door (Fig.5.59.(a)) (Fig.5.60.(a) (b)): A part of this unit is the 
main access door. The teak wood double shuƩ ered door provides 
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The Combo:

Chawls portray a strong culture and are oŌ en referred to be the best 
residenƟ al examples of Mumbai that encourages social interacƟ on 
and provides a sense of security. Apart from the central courtyard, 
the combinaƟ on of entrance door, adjacent window and a venƟ lator 
on top of the door plays a very signifi cant role in the development of 
this rich culture (Fig.5.59.(a)) (Fig.5.60.(a) (b)). The contribuƟ on of this

Fig.5.60.(a). The Door + Window + VenƟ lator Combo 



Fig.5.61. Zoom-in Plan show the Opening Detail

B’

B

Wooden hori-
zontal louvers

W o o d e n 
plank used to 
keep things

Fig.5.62. Detail SecƟ on B-B’ - Door + Window + VenƟ lator Combo

500 mm thk. 
Brick wall

‘Falli’ (VerƟ -
cal wooden 
plank)VerandahCourtyard

Double shut-
ter Wooden 
door

I-beam

the occupants with an opƟ on of opening one or both the shuƩ ers as 
per their needs. ‘Falli’ meaning a verƟ cal wooden plank, is fi xed by 
the occupants which is around 0.3m in height (Fig.5.62) that prevents 
rodents from entering the house. 

In the Chavan household, the double door is opened at 7:30 am and 
remains open Ɵ ll their lunch Ɵ me, which is usually at 1:00pm. The 
doors remain shut Ɵ ll 4:30 pm, during which the occupants have their 
meals and take the aŌ ernoon nap. They tend to shut one shuƩ er aŌ er 
sunset, the Ɵ me when they watch television and have their dinner. At 
around 11:00pm when they go to sleep both the doors are closed for 
privacy and safety reasons. Keeping the door open throughout the 
day facilitates venƟ laƟ on (Fig.5.63.) which in turn keeps the internal 
air temperature lower (further discussed in the next chapter).
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Fig.5.63. Detail SecƟ on B-B’ - Door + Window + VenƟ lator Combo

Also, opening the full length shuƩ ers allows the required daylight in 
the living space. The provision of 1.4m deep verandah prevents direct 
solar radiaƟ on, thus maintaining lower indoor temperatures. Further-
more, it also blocks the rain from entering the house.

This daily rouƟ ne with respect to the doors that is followed shows 
the importance of giving an ‘opƟ on’ to the user to modify their living 
environment. 

2. The VenƟ lator: It is located above the main door and the adjacent 
window in Mr. Chavan’s unit (Fig.5.63). The Ɵ mber venƟ lator is kept 
open at around 30-35o  angle throughout the year. When the doors 
and the window are shut at night Ɵ me and during heavy rainy days, 
the venƟ lator on top provides the required air exchange. The wooden 
plank juƫ  ng out, in between the door and the venƟ lator is used to 
stack and store things such as suitcases which also parƟ ally blocks the 
venƟ lator.

3. The Window (Fig.5.63.): The single shuƩ er window is kept open 
throughout the day. There are safety grills in iron on the outer side of 
the window. The sill height at which this window is placed is 1m. The 
0.6m x 1.2m window is also the source of venƟ laƟ on and light. How-
ever, unlike the door, the window is kept open throughout the day and 
is shut parƟ ally during night Ɵ me. 

Similar examples of this type of opening design shows the use of cur-
tains on the window to maintain privacy (Fig.5.60.(a))

The combo opening along with kitchen window allows conƟ nuous air 
exchange in the house. The rear kitchen window (Fig.5.64.) consists 
of openable double shuƩ ers in teak wood and a venƟ lator above it. 
The shuƩ ers are the part of kitchen (Fig.5.64.) (Fig.5.65.) whereas the 
venƟ lators provide light and venƟ laƟ on to the loŌ  space (Fig.5.66.) 
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Fig.5.64. The rear kitchen window -from outside
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Fig.5.65. The rear kitchen window -from inside

(Fig.5.67.) above the kitchen area. Half curtains are used in the kitch-
en window for the purpose of privacy since the area is mostly used by 
the lady of the house and also because there is an open washing area 
(mori) in the kitchen plus it is also used to prevent wind to blow out 

the gas from the gas burners (Fig.5.65.). According to Mr. Chavan, the 
venƟ lator in the loŌ  provides saƟ sfactory daylight and air exchange. 
However, during monsoons half the venƟ lator is covered with plasƟ c 
sheet to avoid the rain water from seeping inside the loŌ  space. 



Fig.5.68. SecƟ on through rear window

Fig.5.66. LoŌ  window

Fig.5.67. LoŌ  window

Metal chajja (over-
hang)

LoŌ 

Kitchen

VenƟ lator

Double shuƩ er 
window
Safety grill

Curtain

138



Fig.5.69. The environmental role of openings and the form of the building

rear window, the hot air inside the unit escapes through the door + 
window + venƟ lator and further, the hot air escapes in to the central 
courtyard (Fig.5.69). Thus, this conƟ nuous fl ow of cool air into the 
habitable space and the hot air exhaust is the reason why the occu-
pants do not feel the need to introduce air condiƟ oning units in their 
homes yet.
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It is of utmost importance to take into consideraƟ on the simple 
form and opening design of this typology. The central courtyard 
and the placement of windows that allows conƟ nuous cross venƟ -
laƟ on are the factors responsible for comfortable indoor tempera-
ture as well as the quality of light. The enƟ re system works togeth-
er in such a way that cool air enters the kitchen area through the



Some of the comments from an interview with the occupants are as 
follows:

Q: How does the apartment perform during diff erent seasons (sum-
mer, winter and monsoon)?

A: Pleasant throughout the year. Monsoon: Rain sweeps in through 
the window and hence there is moisture problem on the walls. The 
residents in general face lot of mice and cat problem throughout the 
year. To solve this problem, the residents have installed ‘falli’ on the 
main door. The main door window is parƟ ally closed at night while the 
kitchen window is closed completely at night.   

Q: What features do they like about the building/house and their 
apartment block?

A: Cross venƟ laƟ on. Never felt the need for an air condiƟ oning.

Q: Are there any alteraƟ ons made to the exisƟ ng windows? If ‘yes’, 
then what? Why were they made?

A: No alteraƟ ons have been made. 

Q: What do you think about the windows in the house? Would you like 
to change them or modify them? Why?

A: No. Very saƟ sfactory window design. 

Q: What role do you think the windows play in maintaining indoor 
comfort?

A: A very strong role in maintaining venƟ laƟ on and maintaining in-
door comfort.  

Q: How important are the windows in terms of polluƟ on, external 
noise, privacy? How do the exisƟ ng windows help?

A: Since the main window-door-venƟ lator system opens in the 
central courtyard, the noise is only from the residents of the

Refl ecƟ ons:

Thus, the form of chawls and the well-designed openings together 
contributes in the creaƟ ng a micro-climate and also a social fabric. 
Whereas, on the indoor level, the combinaƟ on of openings allows the 
user to modify their indoor environment according to their needs and 
requirements, be it in terms of environmental comfort with respect 
to light and temperature or be it in terms of privacy, safety and the 
changing use of the living space. Apart from addiƟ onal features such 
as curtains, safety grills, etc., the simple design of the window + door 
+ venƟ lator gives a number of permutaƟ ons and combinaƟ ons for the 
user to play with, something that we are lacking in the contemporary 
style of designing windows today. 
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chawl (like children playing, people chitchaƫ  ng etc.) and sim-
ilarly we do not face any problem with respect to polluƟ on.                                                                                                           
In terms of privacy, it is a very open society because of the way it is 
designed and hence there is a basic diff erence in the quality and con-
cept of privacy in chawls and apartments. So, it can be said that the 
occupants lack privacy however they treat it as a social thing.  



The Hot-Dry Window from a ‘Wada’
Shiva j i  Peth (Kolhapur)

141



Kolhapur, India
16.7050oN, 74.2433oE

Fig.5.70. Kolhapur LocaƟ on
(Google Maps)
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History of Kolhapur

Dakshin Kashi (Holy city of the South) or Kolhapur has a history that 
dates back to the 17th century (Government of Maharashtra, 2019).
The menƟ on of this city is in the Hindu mythology. It is believed that 
goddess Mahalakshmi destroyed the demons named Kolhasur and 
Karaveera, saving the local people from the misery caused by them. 
Hence, as per one of the theories, this is how the place got its name.

Coming to the recent history,  ChatrapaƟ  Shahu Maharaj  was the fi Ō h 
successor of the Peshwa’s and ruled Kolhapur for a period of 28 years 
(from 1894 to 1922) which was a princely state during the BriƟ sh rule 
in India (LaƩ he, 1924). During the rule of Shahu Maharaj the city saw 
a major transformaƟ on in its social, cultural and economic condiƟ on. 
Today, with the availability of abundant natural resources, Kolhapur 
has the highest per capita income in Maharashtra and is now on the 
way of becoming an industrialised city (GhadyalpaƟ l, 2018).

History of Maratha Architecture

The Peshwa’s belonged to the warrior clan, they fought with the 
Mughal Empire in the 18th century. During that Ɵ me, they ruled the 
present day Maharashtra state which was divided in to fi ve broad re-
gions named as Konkan, Vidarbah, Desh, Khandesh and Marathwada 
(Fig.5.71.) (Dengle, 1993). The present region of Mumbai, Thane, Rat-
nagiri, Raigad and Sindhudurg formed the part of Konkan subdivision. 
Whereas, the present regions of Kolhapur, Pune, Nashik formed the 
part of ‘Desh’ subdivision (Desai, P. (no date)). These regions were 
ruled by the Mughals for three centuries before they were conquered 
by the Peshwas. Due to an extensive rule by the Mughals in Maharash-
tra, Maratha architecture featured Indo-Islamic style of architecture 
that is quite visible in various architectural elements. Fig.5.72. Wada typology (Gupta, 2013)
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Fig.5.71. Maharashtra regional classifi caƟ on
(Google Maps. Edited in: Photoshop)



The History of Wadas

Courtyard houses are prevalent in many parts of India. They have 
similar basic structure with diff erence in construcƟ on techniques and 
materials. A courtyard house in Kerela (coastal south India) is called 
NalukeƩ u, Haveli in north India, Deori in Hyderabad (southern Indi-
an plateau), Rajbadi in Bengal (east India) and Wada in Maharashtra 
(west India) (Gupta,2013)

The name ‘Wada’ is derived from a Sanskrit word called ‘vata’ means
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a piece of land meant for building a house (Dhepe & Valson, 2017). 
‘Wadas’ were largely built in the state of Maharashtra during the Pe-
shwa rule from 1700-1900 A.D (Archimony, 2016). The residenƟ al ty-
pology can be defi ned as a large building which is two-three storey 
high with an introvert plan, where the rooms are aligned around one 
or more courtyard(s) (Kotharkar and Deshpande, 2012). With an iden-
Ɵ cal basic concept, wadas can be classifi ed based on region which are 
further sub-divided by societal straƟ fi caƟ on (Fig.5.72.).

Fig.5.73. Wadas, Kolhapur 



Fig.5.74. Shahu Palace, Kolhapur 
(Google Maps)

A brief descripƟ on of the types of ‘wadas’ are as follows:

1. Fort/ Palace Wada: Also known as ‘Rajwada’ in the regional lan-
guage. These are palaces built by the ruler and form the focus of the 
town. The smaller wadas grew around the ‘Rajwada’ in hierarchical 
fashion.

One of the examples of ‘Rajwada’ in Kolhapur is the Shahu Palace (Fig. 
5.74.) where ChatrapaƟ  Shahu Maharaj resided. 

2. Nobleman’s Wada: The nobles were regarded as the important and 
respectable class. These wadas were built on large square plots but 
were smaller than the ‘Rajwadas’.

3. Tenement Wadas: These were the wada’s with common central 
courtyard and single rooms lined around it with common washing and 
toilet faciliƟ es. The single rooms were rented out by the owner, mainly 

to the lower secƟ on of the society. The ‘design of the chawls’ is be-
lieved to be based on tenement wada, which served similar purpose. 

4. Temple wada: As the name suggests these wadas were built along 
with temples. 

5. Muslim wada: These were predominant in Konkan region which is 
the western coastal belt of Maharashtra. The Muslim wadas generally 
had two courtyards which also served as the place to perform prayers.

6. Wadas of the Merchants: Merchants were vivid travelers and they 
brought with them diff erent features and customs from all round the 
world. Although the basic structure remained the same, merchant 
wadas were disƟ nct due to their ornate facades and detailed laƫ  ce 
work. 

6. Ordinary wada: These were built around the Rajwada’s and formed 
the streetscape. They were built by individuals on a smaller piece of 
land and were two storey high. Ordinary wadas were found through-
out Maharashtra since this was the tradiƟ onal as well as typical dwell-
ing unit during that period. 

Today, wadas are rapidly becoming exƟ nct giving rise to buildings and 
towers in many parts of Maharashtra especially in ciƟ es like Mum-
bai, Pune, Kolhapur and other developing regions of the Konkan belt. 
However, some wadas have survived for hundreds of years and are 
occupied by families even today. Therefore, it was essenƟ al to doc-
ument wadas, since chawls (case study 02) are also said to be devel-
oped from the basic concepts of wada architecture. The built form 
and various elements of this structure are studied with an emphasis 
on the role of windows and other openings on the performance of this 
residenƟ al typology and also on occupant comfort. 
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Fig.5.75. (a). Wada LocaƟ on - Shivaji Peth, Kolhapur
(Google Maps) (Edited in: Photoshop)

Rankala Lake



WADA INFORMATION

Name of the Building: Pangu Wada

Built in: 1894 (which means that the building is about 125 years old)

Number of Floors: G+1.5

Built by: Pangu ancestors

Owner: Current owners are three Pangu brothers. 

Total Number of Rooms: There are 18-20 rooms out of which only 10 
are used throughout the year. 

As stated earlier, wadas were predominately built in Maharashtra 
during the Peshwa rule. Pangu wada was also built during the rule of a

Fig.5.75. (b). LocaƟ on - Pangu wada
(Source: Google Maps)

Peshwa king, ChatrapaƟ  Rajashri Shahu Maharaj, in 1894. Based in 
the heart of the city, this wada is located in Shivaji Peth (means mar-
ket place or business district), that is adjacent to the Rankala Lake 
(Fig.5.75.(a)). Today, the wada is surrounded by contemporary build-
ings and the enƟ re area is demarcated as ‘gaothan’ which means vil-
lage. The Municipality bye laws for gaothans are extremely lenient 
and has led to an informal development around the exisƟ ng wada 
(Fig.5.75.(b)) (Fig.5.76). Looking at the congested development around 
the wada, it was interesƟ ng to study the performance of this building 
in the current scenario. With no breathing space around the house, 
what role did the windows play along with the form of the building 
in providing comfort in this hot-dry climate was explored further.

Pangu Wada
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Fig.5.76. Pangu Wada - View from the narrow approach road.
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Fig.5.78. Pangu Wada, Kolhapur 

PANGU WADA (Fig.5.78.)

Pangu wada is of 1.5 fl oors, which means it is ground plus one with a 
loŌ  space on top. Owned by three brothers, the wada is at present par-
Ɵ ally occupied by one of the brother and his family. The front porƟ on 
of the wada is converted and rented out as shops. Also, some parts 
of the upper fl oors are rented out to students to live and to coaching 
classes for taking tuiƟ ons. About half the house remains vacant almost 
throughout the year, since it is owned by the other bothers who live out-
side the country most of the Ɵ me. Thus, for bearing the maintenance 
cost of the building, the spaces are rented out by the Pangu family. 

The entry to the wada, is simple but at the same Ɵ me it is grand and 
is raised above the outside road level. The niches along the main door 
are provided to keep diyas (lamps) in the evenings (Fig.5.77.).

Fig.5.77. Pangu Wada - Main Entrance 
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Fig.5.79. Ground Floor Plan

Ground Floor

The highlighted part in Fig.5.79. is currently used by the occupants 
and is taken in to consideraƟ on for the purpose of this study.

The ground fl oor of the house rests on a stone plinth (Fig.5.78.). The 
shop on the right hand side near the main entrance of the house is 
rented out. The narrow entrance leads to an open courtyard or chowk, 
around which the habitable spaces are structured (Fig.5.80.(b)). Thus, 
with an introvert plan, the courtyard becomes the main focal point 
of the wada. Apart from acƟ ng as transiƟ on space, the courtyard has 
been a place for socializing for generaƟ ons. Whenever the enƟ re Pan-
gu family is together, the central open space is used by the children 
to play, by the men and women of the house to sit and chat, to dry 
spices, etc. It is extensively used during fesƟ vals such as Diwali to light 
crackers, to decorate and celebrate. 

The open courtyard consists of tulsi plant and other poƩ ed plants 
Fig.5.80.(a)). Every wada has a tulsi plant, due to its medicinal qual-
iƟ es and sacredness (Gupta, 2013). There are two external met-
al staircases which are recent addiƟ ons, that connect the 1st fl oor 
area. The used spaces by the Pangu family on the ground fl oor are 
living area (that is partly used and is parƟ Ɵ oned by a swing), deo ghar 
(prayer room), kitchen, bathroom and toilet and bedroom. It can be 
seen from the ground fl oor plan (Fig.5.79.) (Fig.5.78.) that majority 
of the windows open in the central courtyard. The external walls are 
900mm thick solid stone walls with very few windows that open to-
wards the road side. Thus, although the internal space is cooler than 
the outdoor space, no windows on the exterior surface restricted the 
amount of natural light to enter the habitable spaces, making them a 
bit darker, which seemed to be the reason why the lower level spaces
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Fig.5.80.(a). Tulsi Plant Fig.5.80.(b). Narrow Entrance
Fig.5.80.(c). The other side of the living room divided by swing.

Fig.5.80.(d). Living space - without sliding parƟ Ɵ on.
Fig.5.80.(e). Living space - with sliding parƟ Ɵ on.



Fig.5.81. Ground Floor Plan

were not very deep. But sƟ ll, arƟ fi cial lights are used in the living room 
even during day Ɵ me (Fig.5.80.(d)). No window on external side result-
ed in narrow living area with 3.3m depth and is divided into two be-
tween the brothers by a swing (Fig.5.80.(c)). To solve the issue of dark-
er living area, half of the living room windows are modifi ed. They are 
now longer, Ɵ nted sliding windows with mosquito nets (Fig.5.82.(c)). 
The windows of the occupied living area are not modifi ed (Fig.5.82.
(b)). The double shuƩ ered windows with wooden frames are compar-
aƟ vely smaller. The occupied living area is further divided by a sliding 
door parƟ Ɵ on (Fig.5.80.(e)). While one side is used as the living space 
the other side (adjacent to deo ghar) is occupied by their daughter, a 
special child, so that she could be looked aŌ er easily from the kitchen 
and the living space. The deo ghar (prayer room) is an enclosed private 
space with no windows at all. The kitchen is a well-lit space with two 
openable double shuƩ er windows (Fig.5.82.(d)). This is also a dining 
area (Fig.5.82.(e)). The kitchen further conƟ nues into washing area, 
toilet and bathroom spaces (Fig.5.82.(g)). followed by a bedroom. 
Overlooking the road, the bedroom (Fig.5.82.(f)., with aƩ ached bath, 
is used by the family mostly during nights. The bedroom window, that 
was iniƟ ally a door is now used as a window and is usually kept open 
for the purpose of cross-venƟ laƟ on and light.

Fig.5.82.(a). Diff erent windows on either side of the main door 
Fig.5.82.(b). Old Window  Fig.5.82.(c). New Window
Fig.5.82.(d). Kitchen Window from central courtyard
Fig.5.82.(e). Kitchen space  Fig.5.82.(f). Bedroom
Fig.5.82.(g).Washing space 
Fig.5.82.(h). Internal staircase leading to the 1st fl oor.
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First fl oor

The highlighted part in Fig.5.83. is currently used by the occupants. 
Half of fi rst fl oor is occupied, but not enƟ rely by the Pangu family. Out 
of the three inhabited rooms, one is rented out to 5-6 college boys, 
the other room is used by the Pangu family to take aŌ ernoon naps or 
to have discussions and is more like a family room. The third room, 
is a new addiƟ onal construcƟ on which is rented out as a classroom 
for taking tuiƟ ons. Apart from the internal staircase (Fig.5.82.(h)) near 
the washing area which leads to the family room on the fi rst fl oor, 
there are two addiƟ onal external metal staircases in the courtyard. 
These two staircases give direct access to the students (Fig.5.84.(b)) 
and the college boys (Fig.5.84.(a)) without entering the spaces occu-
pied by the Pangu family. The staircases lead to a semi-open corridor 
space of about 1m depth (Fig.5.84.(c)) and acts as a transiƟ on space 
and a place where one could overlook the acƟ viƟ es taking place in the 
courtyard below. 

The room rented out to the college boys is just above the living space 
on the ground fl oor (Fig.5.84.(d)). The rectangular room has a couple 
of windows on the eye level, however, they are always kept shut. The 
only opening is the double door. The windows, which are more like 
venƟ lators are placed at about 2.3m height from the fl oor. There are 
3 such venƟ lators that are the source of light and venƟ laƟ on for this 
room. Since they are placed at a height, they are untouched and are 
never adjusted as per the user requirements. 

The family room along the road is a combinaƟ on of two rooms. This 
alteraƟ on was made to have more room space. The rectangular room 
has windows on both the elongated walls (Fig.5.86.(a)) (Fig.5.86.
(b)). This room showcases a number of diff erent types of openings

Fig.5.83. First Floor Plan

Fig.5.84.(a). External staircase leading to the new classroom
Fig.5.84.(b).  External staircase leading to the boys room
Fig.5.84.(c). Semi-open corridor space
Fig.5.84.(d). Boys room
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and they are described in brief as follows: 

1. The double doors (Fig.5.86.(b)): There are two double doors. 
One that led to the internal staircase and the other that opened in to 
the corridor space. 

2. The full-height window (Fig.5.86.(d)): These windows are on 
the road side. They are three in a row and they are opened depending 
upon the occupancy and the acƟ vity taking place in the room.

3. The small window (Fig.5.86.(a)): The double shuƩ er wooden 
frame windows are aligned on the corridor side. The two windows are 
opened as per the use of the space. 

4. The light source (Fig.5.86.(a)): These are round holes at a 
height of about 2.5m. They are non-openable single glazed holes and 
act as the source of light. 

Thus, depending on the use of space and the number of occupants, 
the natural light in the room and the thermal parameters of the room 
could be altered since there are number of adapƟ ve opportuniƟ es 
available to the occupants to choose from. 

The third occupied room is the new construcƟ on by the owners 
(Fig.5.86.(c)) (Fig.5.86.(e)). This new room is built on top of the ex-
isƟ ng kitchen space. Adjacent to this room, a common toilet is also 
constructed for the students to use. This addiƟ onal room is made for 
renƟ ng out to obtain some extra income. With brick walls and met-
al roofi ng, this structure is supported with I-secƟ ons. Again, the win-
dows are on elongated wall overlooking the courtyard. However, the 
windows in this new construcƟ on are single glazed sliding windows. 
This space is used from early morning Ɵ ll evening by students during 
school days and remains vacant during the school holidays. 

Fig.5.85. First Floor Plan

Fig.5.86.(a). Family room - Smaller windows on corridor side with light 
source.
Fig.5.86.(b).  Family room - Double door - opens in to the corridor
Fig.5.86.(c). Family room - Longer window with light source 
Fig.5.86.(d). New Classroom
Fig.5.86.(e). New Classroom
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Fig.5.87. SecƟ on through Pangu Wada

As observed, all the three rooms have their own characterisƟ cs and 
vary drasƟ cally in terms of the number occupants, occupancy paƩ ern 
and the acƟ viƟ es that happen in these spaces. However, one com-
mon link between these rooms is the narrow corridor overlooking 

the central courtyard. Apart from transiƟ on area, the constricted 
semi-open space is also used as a space to dry clothes. 

Environmental analysis of the occupied spaces on the ground and fi rst 
fl oor are discussed in the following chapter. 
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Occupancy PaƩ ern (Fig.5.88.)

The large house consists of around 18-20 rooms, mainly in the form of 
big halls. However, only 10 rooms are used throughout the year. These 
spaces are occupied by diff erent occupants, namely, the Pangu family, 
the college boys who live in one big room on the fi rst fl oor which is 
rented out to them and the children who visit every day to take tui-
Ɵ ons except during summer vacaƟ ons. The number of people residing 
in the wada is around 10-11 that include three family members of the 
Pangu family with their one full Ɵ me house help and rest are the col-
lege boys who live on the fi rst fl oor as paying guest (tuiƟ on boys are 
not included). Since, in the previous two case studies, the occupancy 
paƩ ern of a family is considered, same is considered for this case as 
well. 

On a daily basis, the Pangu family mostly uses the ground level. Since, 

the house is divided between the brothers, half the living room is used 
by the family who resides here. Furthermore, this half living room is  
divided in to two by a sliding wooden parƟ Ɵ on. The living space next 
to the entrance, is mainly used by Mr. Pangu for socializing and to 
read and acts as semi-public space. The other half of the living room 
which is next to deo ghar (prayer room) and kitchen, is occupied by 
the daughter 95% of the Ɵ me. Since, she is bed ridden, most of the 
daily acƟ viƟ es of the other house members (especially the mother 
and the house help) revolves around her. The television is also kept in 
this part of the living room. The sliding door is kept open most of the 
Ɵ mes and is only shut for private rouƟ nes. This part of the living room 
is also used for sleeping by the daughter and the maid at night. The 
kitchen is used for preparing meals of the day and also to have meals, 
since it is also the dining area. The bedroom is used at night by Mr. and 
Mrs. Pangu to sleep. Apart from this the bedroom is hardly occupied

Fig.5.88. Average Daily Occupancy PaƩ ern

Bedroom Kitchen Living room Living room
Kitchen

Family room

Depends on
 acƟ vity Depends on

 acƟ vity

Kitchen
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throughout the day. The other room used by the people of this house 
is the family room on the fi rst fl oor. During the day, this room is used 
for drying clothes and in the aŌ ernoon it is used by Mr. Pangu to take 
naps (Fig.5.89.). 

One of the tag in the occupancy chart is of ‘other acƟ vity’ and no spe-
cifi c area is pointed out. That is because, it all depends on the acƟ vity. 
For example: if it is reading newspaper then it takes place anywhere 
in the house or chaƫ  ng with someone also takes place anywhere in 
the house. 

Also, the Pangu family seldom leave their residence and fi nd the 
courtyard as a breather. Hence, instead of going out into the congest-
ed market area, they prefer indoors. 

The space available to a family of three in this wada is beyond suffi  -
cient as compared to the restricted space of Mr. Chavan’s unit in the 
chawl. Therefore, the excess room space and lower occupancy also 
becomes one of the reasons for comfortable living condiƟ ons in this 
typology.

Fig.5.89. Siesta Ɵ me - Mr.Pangu
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Wadas and chawls exhibit a very similar form. Both the typologies 
have enclosed spaces aligned along a central courtyard. The courtyard 
in this case also serves the same purpose. AddiƟ onally, it plays a sig-
nifi cant role with respect to rouƟ ne cultures such as worshipping the 
‘tulsi’ plant everyday as per the Hindu customs, which also has medic-
inal properƟ es. Apart from worshipping the ‘tulsi’ plant, the courtyard 
of this wada is not used as extensively, since the overall occupancy of 
the place is relaƟ vely low. However, the members of the Pangu fam-
ily, have fond memories of the open chowk (courtyard) being used 
by their relaƟ ves and guests to play games, to chat late during night 
Ɵ me, to celebrate fesƟ vals such as Diwali and so on. Now, with two 
addiƟ onal metal staircases, the open-to-sky courtyard mostly acts as 
a transiƟ on space.  

The external walls are about 900mm thick stone walls and the walls 
on the internal side are 230mm thick. It is assumed by the own-
er that the thick outer walls were for safety. The external walls do 
not have any openings except the wall facing the main road. All 
the other windows open in to the courtyard on both the fl oors. 
It was observed that the windows facing the external side were 
full-height windows while the windows overlooking the courtyard 
were smaller. It is presumed that the smaller windows opening in 
to courtyard provided privacy. The internal space was not visible 
from the courtyard due to smaller window size and also because 
the structure was placed on a plinth of about 700mm. The small 

THE HOT-DRY WINDOW

 

Fig.5.90. Diff erent types of windows at diff erent levels.
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windows and the main door were always kept open through-
out the day. The main door was closed at night Ɵ me for securi-
ty. Similar to chawls, the combinaƟ on of windows and courtyard 
help in providing indoor thermal and visual comfort for its user. 
But, unlike chawls, with around 18-20 rooms, the type of window 
in the wada changes with every space with respect to the func-
Ɵ on of the space (Fig.5.90.). Thus, for the purpose of study, three 
types of windows/openings are idenƟ fi ed and they are as follows:

The small window: 

The double shuƩ er teak wood window in the living area, kitchen as 
well as the family room (fi rst fl oor) opens in to the courtyard (Fig.5.91.
(a) (b)). These are very simple wooden windows with metal grill 
for safety. Placed on a sill level of 800mm, the window in the living 
area also has mosquito net placed on the enƟ re opening from the 
inside, which in a way restricts the accessibility to the window and 
natural light from entering the habitable space. The shuƩ ers of the 
lower level window have opaque glass panels while the one on the 
fi rst fl oor are of solid wood. The users prefer this window over slid-
ing window because when opened, they provide 100% clear open-
ing as opposed to sliding windows. These double shuƩ ered windows 
are always kept open on the ground fl oor in the living and kitchen 
area because these spaces are used by the occupants most of the 
Ɵ me (Fig.5.92.(b) (c)). On the other hand, the windows on the fi rst 
fl oor in the family room are kept shut (Fig.5.92.(a)). They are opened 
only when the space is used by the occupants. Although these win-
dows provide cross-venƟ laƟ on and are smaller, which is perfect as 
per the climaƟ c condiƟ ons of the region (hot-dry), the occupants Fig.5.91.(a). Small Window - SecƟ on through family room (1st fl oor)

Fig.5.91.(b). Small Window - ElevaƟ on - kitchen window (Ground)

a

b

FAMILY ROOM



were not saƟ sfi ed with the size of it. If given a choice, they preferred 
larger windows which they believe, would allow more natural light 

163

Fig.5.92.(c). Small window in the living space 
on ground fl oor

Fig.5.92.(a). Small window in the family room 
on 1st fl oor

Fig.5.92.(b). Small window in the kitchen on 
ground fl oor

and fresh air in to the living spaces, something that they don’t receive 
due to the present window size. 



Fig.5.93. The long window and the light source

The full-height window (Fig.5.93.): 

This window is located in the lower level bedroom area (Fig.5.94.
(a) (b)), where a door has been converted into a full-height window. 
Apart from this, three full-height windows are also present on the fi rst 
fl oor family room (Fig.5.94.(c) (d)). These windows are placed on the 
0.9m thick external walls on both the fl oors. Every window in this form 
varies a bit in design, however are idenƟ cal in size. Placed on the inner 
side, the converted bedroom window on the ground fl oor (Fig.5.94.
(a)), also has a venƟ lator on top along with an exhaust fan. It has metal 
safety grills from the outside and a simple wooden laƫ  ce railing from 
the inside. 

One of the window in the family room on the fi rst fl oor, comprises 
of four teak wood openable shuƩ ers, two on top and two on boƩ om 
(Fig.5.93) (Fig.5.94.(d)). These shuƩ ers open on the inside as com-
pared to the other window in same line that opens on the outside 
(Fig.5.94.(c)). Four openable shuƩ ers provide the user with the fl exi-
bility of choosing the percentage of window they want to open to feel 
comfortable. There are no metal safety grills for these windows but 
only a half-height simple laƫ  ce work that acts as a railing. 

The light source (Fig.5.93.): 

The circular windows are placed on the 0.9m thick external walls as well 
as on the 0.23m thick internal walls on both the fl oors. They are placed 
on top of the main window (Fig.5.94.(c)), but not above every window. 
It is presumed that these might be secondary sources to acquire indi-
rect natural light into the room while prevenƟ ng the solar radiaƟ on 
from entering the habitable spaces. They are non-openable windows 
and are present in the big family room on the fi rst fl oor. They are not 

Light source - fi xed 
single glazed circu-
lar window

0.9m thick basalt 
stone wall

1.8m high window 
with four wooden 
shuƩ ers.

Balcony
Family 
room
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Fig.5.94.(a). Long window - 

Ground fl oor bedroom

Fig.5.94.(b). Long window - 

Ground fl oor bedroom

Fig.5.94.(d). Long window in the 

family room on 1st fl oor

Fig.5.94.(c). Long window in the 

family room on 1st fl oor



easily accessible since they are placed on a height and also they can-
not be operated by the user since they are fi xed (Fig.5.93). Hence, 
these holes of light remain untouched and they light up the room to 
some extent, irrespecƟ ve of the occupancy level of the room. 

With respect to the spaƟ al confi guraƟ on and window design, some of 
the comments from an interview with the occupants are as follows:

Q: How does the building perform during diff erent seasons (summer, 
winter and monsoon?

A: Warm in winter and cool in summer. Very pleasant in all the seasons. 
The most used space in the wada has always been the ‘chowk’ (central 
courtyard). Even today it is used by the occupants for chaƫ  ng at night, 
used by the children to play cricket, badminton and hide seek. It is a 
social space in the house and is liked by every member of the family.

Q: What do you think about the windows in the house? Would you like 
to change them or modify them? Why?

A: Some windows of the house like the kitchen window have been 
modifi ed. The smaller windows in the house are not liked by the family 
members because of the inadequate light and wind/breeze.

Q: Are there any alteraƟ ons made to the exisƟ ng windows? If ‘yes’, 
then what? Why were they made?

A: The kitchen windows were made bigger to receive more light. One 
extra window was added at one of the staircase landings in order to 
get more light and breeze. Mosquito nets have been installed. Tradi-
Ɵ onal windows are replaced by bigger sliding windows in one part of 
the living area to receive more light and breeze.

Q: What role do you think the windows play in maintaining indoor  
comfort?

A: They provide fresh air and natural light.

Q: How important are the windows in terms of polluƟ on, external 
noise, privacy? How do the exisƟ ng windows help?

A: Privacy is not an issue as such because the design of the wada is 
introvert. Being located centrally in a busy market area, we face lot of 
dust problem due to which the windows facing the road are kept shut 
most of the Ɵ me.  

Conclusion:

Unlike the apartment window, there are very less number of layers to 
the wada windows. It can be said that a hierarchy of simplicity can be 
observed, the apartment window being very complex, a bit simplisƟ c 
window design for chawls and the wadas being the simplest. Since, 
most of the windows are inward looking, the users do not experience 
any issue with respect to privacy and safety. Hence, there are no cur-
tains, blinds, safety grills to the windows (except at one or two places). 

Apart from substanƟ al thermal mass from the thick external walls,  
windows also contribute in creaƟ ng a micro-climate along with the 
central courtyard and helps in maintaining comfortable indoor envi-
ronments. Inspite of having comfortable indoor environment (as per 
fi eldwork records), the occupants complained of inadequate natural 
light and venƟ laƟ on. According to the observaƟ ons made during the 
fi eldwork, it is strongly believed that the changes in the internal layout 
of the wada, few windows that are shut permanently, changes in the 
type of occupancy and also changes in the surrounding context (new 
buildings and increase in density) were the main reasons that the Pan-
gu family felt the need to change their exisƟ ng windows. 
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All the window types from the three typologies studied exhibit unique 
styles and methods incorporated by the occupants according to their 
needs while some were not altered at all. All the windows are oper-
ated in one way or the other to suit the user. The least modifi caƟ on, 
was observed in the wada windows whereas maximum modifi caƟ on 
was observed in the apartment windows. Considering the Ɵ me when 
the wada and chawl were built about 125yrs ago and 90 years ago 
respecƟ vely and the Ɵ me apartment was built, about 14 years ago, 
these modifi caƟ ons should have been the other way round in the 
present scenario. The old windows should have changed according to 
the changes in climate and the occupants whereas the new windows 
should have been designed in such a way that least changes would 
need to be implemented. Thus, the fi ndings from the three case stud-
ies points out the need to change our percepƟ on of designing a win-
dow and not just provide a hole into a solid building mass. This study 
also points out at the need for learning from the vernacular buildings 
to design beƩ er windows that are climaƟ cally responsive. 

Thus, to understand the role of windows from the three typologies 
from the fi eldwork, their environmental performance is documented 
and discussed in detail in the following chapter, which also forms the 
basis of the computaƟ onal simulaƟ on. 

OVERALL CONCLUSION
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Fig.5.95. Long window in the family room on 1st fl oor - One shuƩ er is 

leŌ  open for the drying of clothes
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data=!3m2!1e3!4b1!4m5!3m4!1s0x3bc10009e851948b:0x-
66ee1e8ĩ 88c1a19!8m2!3d16.696152!4d74.2232888. [Accessed 12 
April 2019].

Fig.5.75.(b).  LocaƟ on - Pangu wada, Kolhapur. Available 
from hƩ ps://www.google.com/maps/place/C+Ward,+Kol-
h ap u r,+ M aharas htra/ @ 1 6. 6 9 3 9 51 1 , 7 4 .2 2 0 0 4 28 ,3 1 0 m/
data=!3m1!1e3!4m5!3m4!1s0x3bc10009e851948b:0x66ee1e8f-
b88c1a19!8m2!3d16.696152!4d74.2232888. [Accessed 12 April 
2019].
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FIELDWORK

The previous chapter gave a detailed insight into the three diff erent 
housing typologies belonging to diff erent periods. Historical back-
ground for each of the dwelling units was presented along with loca-
Ɵ on and weather condiƟ ons of these places. AddiƟ onally, the layouts 
of each typology were explained in detail with the help of architec-
tural drawings and photographs. The occupancy paƩ erns were drawn 
based on the informaƟ on collected from the occupants as well as 
through observaƟ ons made during the site visits. The most important 
secƟ on of the former chapter was the detailed analyses of the win-
dows in these dwellings. Each window was unique as they represent-
ed the  period they were built in, their users, their needs, their culture 
and the requirements with respect to the quality of spaces they lived 
in. It was very interesƟ ng to see how these openings were responsible 
for the characterisƟ cs they developed with the indoor as well as the 
outdoor environment, with private, semi-private and public spaces 
along with a rouƟ ne that they had formed with the occupants. Thus, 
it was established that windows played a signifi cant role in developing 
a social fabric, be it on a public or private level or both. Having said 
that, this chapter further presents and discusses the environmental 
role of the documented windows. It focuses on the indoor environ-
mental quality of studied spaces and hence aims at drawing a rela-
Ɵ on between the window, the user and aƩ ainment of their comfort. 
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The environmental fi eldwork was carried out since it helped in criƟ cal-
ly reviewing the performance of the indoor and outdoor spaces. The 
sequence of fi eldwork study is as follows:
1.Contemporary Window of an Apartment, Andheri – Mumbai 
 a. Spot Measurements 
 b. AŌ ab Luminance
 c. ConƟ nuous Measurements
 d. Conclusion

2.Hot-Humid Window of a Chawl, Parel – Mumbai
 a. Spot Measurements
 b. AŌ ab Luminance
 c. ConƟ nuous Measurements
 d. Conclusion

3.Hot-Dry Window of a Wada, Shivaji Peth – Kolhapur
 a. Spot Measurements
 b. AŌ ab Luminance
 c. ConƟ nuous Measurements
 d. Conclusion

4.Overall conclusion

The environmental factors that were measured under spot measure-
ment (Table.6.1.) and the tools (Table.6.2.) used for measuring them 
are shown in the adjacent tables.

The spot measurements were carried out in the immediate area 
surrounding the dwellings as well as in the indoors, which allowed 
the evaluaƟ on of how the users perceived (physiologically and phys-
ically) the environment around them. These measurements were 
taken for a single day when the data loggers where installed. The 

Environmental factors Heat Loss Mechanism

Air Temperature oC ConvecƟ on

RelaƟ ve Humidity % EvaporaƟ on

Wind velocity m/s ConvecƟ on, EvaporaƟ on

Illuminance Lux

Instruments Used Designed for the mea-
surement

Image

Vane Anemometer + 
Thermohygrometer

Air fl ow velocity (m/s)
Temperature (oC)
RelaƟ ve Humidity (%)

Lux Meter Light Intensity

Infrared Thermometer Non-contact surface 
temperature

Table.6.2. Instruments to measure environmental factors

Table.6.1. Measured environmental factors
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instruments menƟ oned in table 6.2 were used to take the measure-
ments which were then reviewed and criƟ cally interpreted. The read-
ings aided in idenƟ fying the micro-climates and the complexity cre-
ated by various factors such as building geometry, building materials,  
vegetaƟ on and so on. They also helped in detecƟ ng the environmen-
tal problems that could be addressed and resolved by giving design 
soluƟ ons which can then be calibrated using simulaƟ on tools.

Apart from spot measurements, the quality and quanƟ ty of natural 
light were analysed through an iPhone applicaƟ on known as AŌ ab Lu-
minance. This applicaƟ on created HDR images that resembled realis-
Ɵ c luminance values. The images were further calibrated by adjusƟ ng 
the scale to evaluate and compare.

Furthermore, conƟ nuous measurements were taken for an elongated 
period of Ɵ me to monitor the temperature and humidity levels inside 
the dwelling along with the outdoor weather condiƟ ons. The readings 
obtained, helped in monitoring the climaƟ c changes outdoors as well 
as the environmental changes taking place indoors. The fi gures ob-
tained from these devices were ploƩ ed in graphs for further analysis 
that helped in idenƟ fying the reason for the paƩ ern created by the 
readings and linking them to the other fi ndings from the fi eldwork. 

The next secƟ on gives a detailed descripƟ on and analysis of the envi-
ronmental fi eldwork carried out at the three sites, extensively in the 
summer months. 

Fig.6.1. Fieldwork at Wada, Kolhapur

176



The Contemporary Window from an Apartment
 Andher i  (Mumbai)

Fig.6.2. Apartment-modifi ed window
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SPOT MEASUREMENTS:
 

The spot measurements for the apartment in Andheri were taken on 
a partly sunny evening on 11th April 2018, between 17:00 and 18:00. 
To understand if the indoor and the outdoor environment are in sync 
with each other, the weather condiƟ ons for the parƟ cular Ɵ me period 
for that day were also taken into consideraƟ on from a weather data-
base. Total 21 points were marked in the enƟ re apartment. The read-
ings were taken in living cum dining room, both the bedrooms, both 
baths, kitchen as well as balcony or the semi-open canƟ levered area. 

ClimaƟ c data for the date and Ɵ me period the measurements were 
gathered, are taken from a weather database and the recorded data 
is as follows:

a. Air Temperature: 31oC

b. Humidity: 64%

c. Wind Speed: 4.6m/s (DirecƟ on: West)

d. Sky CondiƟ ons: Partly Sunny

Weather Data from www.wunderground.com

i) Air Temperature (Fig.6.3.): It was observed that the air tem-
perature in the living/dining area was the highest, about 34.8oC. This 
value gradually decreased in the rear bedroom and kitchen area. The 
bedroom facing the projecƟ on recorded the lowest temperature, in 
the range of 32.3oC – 31.0oC. The same temperature diff erence was 
observed in the semi-open space as well. The temperature in the pro-
jected area in front of the living space was higher as compared to the 
temperature in the same space in front of the bedroom.

The following reasons were believed to be responsible for the 

31.0oC

34.8oC

Fig.6.3. Spot measurement - Air temperature
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temperature diff erence in the semi-open space and the living and 
bedroom spaces:

         a. Windows: The modifi ed living room window was full height, 
that allowed more direct solar radiaƟ on in to the living space (Fig.6.4.). 
Since, the living room is west facing, the evening sun penetrated di-
rectly in to the area, making it very warm. While on the other hand, 
the bedroom window has a sill level of about 450mm which partly 
obstructed the direct solar radiaƟ on to enter the immediate space 
(Fig.6.5.)

     b. ObstrucƟ ons: The semi-open space adjacent to the living area
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did not have any obstrucƟ ons as such, hence it allowed direct solar 
radiaƟ on to enter the living space. Whereas, the washing line with 
clothes drying, obstructed direct solar radiaƟ on from entering the 
bedroom space (Fig.6.5.). 

          c. Time: The fi rst point of spot measurement was taken at 17:10 
in the semi-open space adjacent to the living space while the last mea-
surement taken was at 18:00 in the semi-open space adjacent to the 
bedroom. Thus, with the seƫ  ng sun the temperature also dropped.

Therefore, it is believed that the combinaƟ on of the above three fac-
tors is most likely the reason for a temperature diff erence of approxi-
mately 4.5oC.

Fig.6.4. Full-height living room window Fig.6.5. Front bedroom window



ii) Humidity (Fig.6.6): It was observed that the humidity levels 
in the west porƟ on of the apartment was lower as compared to the 
east side of the apartment. As expected the semi-open space showed 
lowest humidity levels followed by bedroom, living room and kitch-
en. The rear bedroom showed highest humidity levels. It was also 
observed that the humidity levels next to windows, for example in 
living room, front bedroom, kitchen area, showed lower humidity 
levels as compared to the internal spaces away from the openings. 

iii) Wind Velocity (Fig.6.7.): In spite of being on the 7th fl oor, 
apart from the semi-open space/balcony and the immediate indoor 
space, there was no air movement felt in the apartment. No cross 
venƟ laƟ on as such and hence the indoor air quality seemed stagnant 
and muggy.Fig.6.6. Spot measurement - - Humidity 

Fig.6.7. Spot measurement - Wind velocity 

54%

71.5%

0.0m/s

1.1m/s
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iv) Illuminance (Fig.6.8.): It can be seen from Fig.6.8. that the il-
luminance level of spaces next to the windows were higher and de-
creased as one moved more into the indoors. Since the readings were 
taken in the evening and the apartment is west facing, the amount of 
light entering the living space and the west bedroom was the highest. 
As compared to the living room, the west bedroom received compara-
Ɵ vely lower natural light. Having said that, according CIBSE the recom-
mended lighƟ ng design criteria for the diff erent spaces are as follows:

The illuminance levels in the apartment was very unbalanced. If each 
space is analysed, the following observaƟ ons can be made:

1.  In the rear bedroom, the minimum value recorded was 18 lux 
and maximum was 56 lux (near the window). Similarly, minimum val-
ue recorded was 52 lux in the dining area. These were comparaƟ vely 
less illuminate spaces.

2. However, the least illuminated area was the passage between

the kitchen and bath where the minimum value recorded was 13 lux.

3. The west bedroom receives a bit more than suffi  cient light. 
The maximum noted reading was 740 lux, while according to CIBSE 
the required luminance level for bedroom is only 100 lux (Table.6.3.)

4. The amount of light received in the living space, especially 
near the windows was high, the maximum reading recorded was 1890 
lux. Whereas, the recommended lighƟ ng level is 200 lux.

Fig.6.8.  Spot measurement - Illuminance
Table.6.3. CIBSE recommended lighƟ ng levels

24100 lux

13 lux
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AFTAB LUMINANCE

Furthermore, the HDR (High Dynamic Range) images were captured 
from an iPhone applicaƟ on known as AŌ ab Luminance. The appli-
caƟ on gives addiƟ onal informaƟ on regarding the quality of light in 
the indoors or outdoors. This exercise allowed analysing the level of 
brightness, sparkles, glare and dull spaces in the studied apartment, 
which further helped in highlighƟ ng the problemaƟ c spaces with re-
spect to light distribuƟ on.

The images were taken in the living room (Fig. 6.9.(a),(b)), the front 
bedroom (Fig.6.9.(c),(d)) and the rear bedroom (Fig.6.9.(e),(f)). All the 
images were taken at the Ɵ me when the spot measurements were 
recorded. Further, a consistent scale was set for every image that en-
abled in understanding the lighƟ ng condiƟ on of the spaces, during 
the same Ɵ me in diff erent rooms of the apartment. The results corre-
sponded with the realisƟ c luminance value and supported the illumi-
nance readings obtained during spot measurements. 

As per the spot measurements, maximum illuminance levels were 
recorded in the living room as also seen in the images (Fig.6.9.(a)) 
(Fig.6.9.(b)). Similarly, the bedrooms recorded lower values. Also, the 
living room (Fig.6.9.(a)) and the front bedroom (Fig.6.9.(c)), both are 
west facing. However, with a smaller window in the bedroom with 
washing line in the window and full-height window in the living room 
with no obstrucƟ on, the diff erence in the light levels is quite evident 
from the images as well as the spot measurements. 
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Fig.6.9.(a). Living/Dining area     

Fig.6.9.(b). HDR - Living/Dining area 



Fig.6.9.(f). HDR - rear bedroom

Fig.6.9.(c). Front bedroom 

Fig.6.9.(d). HDR - front bedroom  

Fig.6.9.(e).Rear bedroom  
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CONTINUOUS MEASUREMENTS

Apart from spot measurements and AŌ ab images, conƟ nuous mea-
surements were taken, for which 8 Tinytag Plus 2 - TGP - 4500 - Gemini 
Data Loggers were used. These instruments have built-in sensors that 
monitor temperature from -25oC to +85oC and relaƟ ve humidity from 
0 to 100%. 

The instruments were placed in the apartment on 10th April 2018 at 
11:15 and were removed from the apartment on 27th June 2018 at 
17:15. The logging interval for each data logger was set at 15 min-
utes Ɵ me interval. Three data loggers were placed in the apartment in 
three diff erent locaƟ ons (Fig.6.10), for the following reasons:

a. Balcony: To acquire the outdoor climaƟ c condiƟ on, so that it 
can be compared and analysed with the indoor thermal variaƟ ons.

 b. Living room: This area was used extensively by the Oza family 
during the day, throughout the year. It was used for relaxing, for having 
meals, for watching television, for reading, for socializing and so on. 
Also, the window of this room was modifi ed to a great extent by the 
user to meet their requirements of a bigger space and to obtain more 
light and venƟ laƟ on (See Chapter 5, p 113-117). Last but not the least, 
this room had an air condiƟ oning unit which was extensively used by 
the occupants throughout the year. Hence, with so many raƟ onales 
the living/dining area became an important space to be analysed.

c. Kitchen: This was the only room in the apartment that did not 
have air condiƟ oning and purely depended on natural venƟ laƟ on for 
thermal comfort and daylight for visual comfort. 

Four graphs were ploƩ ed and studied and for all the graphs, a comfort 
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Fig.6.10. LocaƟ on of data loggers



band was derived from ASHRAE 55, which is a comfort regulaƟ ng tool 
developed by CBE (Centre for the Built Environment). The interpreta-
Ɵ on of the graphs is explained further.

i. Graph 01 (Fig.6.11.): It is a simple graph showing the mon-
itored temperature and relaƟ ve humidity in the balcony area
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(outdoors). This graph clearly shows the change in the outdoor climat-
ic condiƟ ons. As one can observe, the fl uctuaƟ ons in the temperature 
and humidity increases drasƟ cally aŌ er 6th June. The temperature 
drops and the humidity level is almost 100%, this marks the onset of 
monsoon in Mumbai. 

Fig.6.11. Graph 01 - Balcony (outdoor) temperature & humidity 

OC %



Fig.6.12. Graph 02 - Temperature - All spaces combined
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ii. Graph 02 (Fig.6.12.): For this graph, average living room mon-
itored temperature, balcony and kitchen temperatures are ploƩ ed.

The outdoor temperature (balcony) fl uctuates during day and night 
Ɵ me. The maximum day Ɵ me temperature recorded is 34.3oC, where-
as the minimum night Ɵ me temperature recorded is 25.3oC. The dif-
ference in the day and night Ɵ me outdoor temperature is about 9oC. 
The maximum monitored temperature in kitchen is recorded at 35.3oC 
and the minimum DBT (dry bulb temperature) recorded is 28.8oC. 
Thus, the diff erence in maximum and minimum kitchen DBT is 6.5oC. 
Lastly, maximum living/dining area monitored temperature recorded 
is 32.2oC and the minimum recorded is 26.5oC, which makes the diff er-
ence in the temperature of 5.7oC.

Thus, it can be concluded that, fl uctuaƟ on in the dayƟ me and night 
Ɵ me temperature is less in the living/dining area as compared to the 
outdoor space. The reason for which might be the extensive use of the 
air condiƟ oning unit that regulates the indoor temperature as per the 
user requirement irrespecƟ ve of the outdoor climaƟ c condiƟ ons.  The 
graph also indicates that both, the kitchen as well as the living/dining 
area temperatures are not in the comfort band. As per the recorded 
readings the average temperature of the balcony is 30.0oC, living area 
is 30.7oC and the kitchen area is 31.7oC. This shows that even aŌ er us-
ing air condiƟ oning, the average indoor temperature was higher than 
the external temperature. 

OC



iii. Graph 03 (Fig.6.13.): For this graph, average temperature and 
relaƟ ve humidity for living room balcony are ploƩ ed. 

A contradicƟ on in the outdoor humidity levels and living room humid-
ity levels can be seen very clearly i.e. when the outdoor humidity in-
creases indoor humidity drops. The lowest humidity level recorded in 
the living room is 34.9% whereas the highest recorded is 88.7%. This 
makes the diff erence between them to be of 53.8%, which is quite 
high. It should also be noted that while the indoor DBT decreases the 
indoor humidity level increases. 

Although the spot measurements for humidity (Fig.6.6.) shows that 
the indoor humidity levels are higher (since spot measurements were 
taken when the air condiƟ oning was not in use), the conƟ nuous mea-
surement however shows that the indoor humidity levels are below 
the outdoor humidity levels, majority of the Ɵ mes. Thus, it can be 
concluded that a signifi cant drop in the indoor humidity levels of the 
living room indicates the extensive use of air condiƟ oning which also 
acts as dehumidifi er. 

Fig.6.13. Graph 03 - Temperature & Humidity - Living & Outdoor space
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iv. Graph 04 (Fig.6.14.):  A zoomed-in graph, that analyses the 
thermal condiƟ ons for every monitored room together, is ploƩ ed for 
a period of  10 days, from 10th May Ɵ ll 20th May. 

When the external temperature is higher the relaƟ ve humidity drops. 
However, if the internal condiƟ ons are taken in to consideraƟ on, the 
humidity levels in the living room are comparaƟ vely lower and fall 
drasƟ cally along with the temperature at some places. This might be 
linked to the extensive use of mechanical cooling which also acts a de-
humidifi er. As stated earlier, the monitored temperature of the living 
space is more or less constant as compared to the kitchen, which is 
naturally venƟ lated. 

CONCLUSION 

a) The indoor temperatures are higher in comparison with the 
outdoor temperature. 

b) The conƟ nuous measurements clearly show that as the out-
door temperature increases the temperature in the kitchen increases 
while in the living area it decreases which indicates constant use of air 
condiƟ oning in the living area throughout the Ɵ me period when the 
data loggers were placed in the apartment. 

c) Even aŌ er using mechanical cooling the average living room 
temperature was only 1.7oC lower than the kitchen temperature. This  
also means that during day Ɵ me when the air condiƟ oning is used, it 
is least eff ecƟ ve which can further be linked to the modifi ed full-height 
window that receives excessive solar radiaƟ on. 

Fig.6.14. Graph 04 - Temperature & Humidity - All spaces (Zoomed in)

188

OC
%



The Hot-Humid Window from t he  ‘Chawls’
 Pare l  (Mumbai)

Fig.6.15. Chawl - window -door combo
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SPOT MEASUREMENTS

The spot measurements for chawl in Parel were taken on a partly 
sunny day on 14th April 2018, when the summer season had already 
commenced in full form in Mumbai, which means by this Ɵ me the city 
experienced high temperatures but not as high as the month of May. 
The readings were taken between 13:05 and 13:40, when the solar 
radiaƟ on is the highest. To understand if the indoor and the outdoor 
environment were in sync with each other, the weather condiƟ on for 
the parƟ cular period for that day was also noted from a weather data-
base. Total 10 points were marked. Since the chawl unit was compar-
aƟ vely smaller only three points were taken indoors and the rest were 
taken in the outdoor area surrounding the building. Indoor readings 
were taken in the living room, loŌ  space and kitchen. Whereas, the 
outdoor spaces included the kitchen garden, verandah, internal court-
yard, shop and shop front and the main road. 

ClimaƟ c data of the day and the period the measurements were taken  
were obtained from an online weather source. The recorded data is 
as follows:

a. Air Temperature: 32oC

b. Humidity: 66%

c. Wind Speed: 6.2m/s (DirecƟ on: West)

d. Sky CondiƟ ons: Partly Sunny

Weather Data from: www.wunderground.com

i) Air Temperature (Fig.6.16.): The maximum temperature re-
corded was 35.7oC in the outdoor area next to the main road. This 
was followed by the internal courtyard which had the next highest 

Fig.6.16. Spot measurements - Air temperature

35.7oC

31.8oC
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Mr. Chavan’s Unit



temperature of 32.3oC. The diff erence between both the outdoor 
temperatures was of 3.4oC respecƟ vely. 

The temperature recorded in all the three areas of Mr. Chavan’s unit 
was 32.5oC. Thus, as per the outdoor spot measurements, the indoor 
temperature was comparaƟ vely lower. However, if the courtyard and 
the unit temperatures are compared, they showed very similar tem-
perature levels

Therefore, it can be said that:

a) The temperature diff erence between roadside and the court-
yard ascertains the creaƟ on of a micro-climate in the courtyard. 

b) Even though the indoors were not cooler, the constant indoor 
and outdoor temperature and similar temperature in all the indoor 
spaces suggest that the spaces were well-venƟ lated.

ii) Humidity (Fig.6.17.): The highest humidity levels were record-
ed in kitchen (71.3%). Apart from this, the loŌ  also showed similar hu-
midity levels (71.6%). The courtyard recorded 68.7% humidity where-
as the outdoor roadside area recorded only 57% humidity. 

Thus, as the loŌ  is located above the kitchen space, similar higher hu-
midity levels were experienced in the loŌ . Also, since the measure-
ments were taken at noon, the Ɵ me when lunch was prepared, the 
humidity levels recorded are higher. In spite of being open-to-sky, the 
humidity was higher in the central courtyard because of the following 
reasons:

a. Space remains shaded most of the Ɵ mes.

b. The courtyard is washed everyday.
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57%

71.6%

Fig.6.17. Spot measurements - Humidity

c. Plus, the wet clothes from almost all the households are put up for 
drying in the courtyard. 



iii) Wind velocity (Fig.6.18.): All the spaces, indoor and outdoor, 
experienced air movement. The kitchen garden and the verandah, 
both the spaces were immediately adjacent to Mr. Chavan’s unit and 
recorded the highest wind velocity of 1.2m/s and 1.5m/s respecƟ vely. 
The maximum air movement inside the unit was noted in the living 
room at 0.8m/s.

Thus, the conƟ nuous fl ow of air indicates eff ecƟ ve cross venƟ laƟ on 
as well as stack venƟ laƟ on taking place in the enƟ re built form. The 
credit for conƟ nuous movement of air can be given to:

a. The door + window + venƟ lator combinaƟ on along with rear 

window (See Chapter 05, p 127-129). This combinaƟ on allowed excel-
lent cross venƟ laƟ on within the indoor spaces. 

b. The form of the building: C-shaped building with open-to-sky 
central courtyard develops stack venƟ laƟ on. 

iv) Illuminance (Fig.6.19.):  The outdoor illuminance levels were 
as high as 75600 lux while the inner courtyard recorded only 7800 lux. 
The illuminance level in the living, kitchen and loŌ  were only 74, 40, 
and 20 lux respecƟ vely. However, as per CIBSE guide, the illuminance 
level for kitchen and living must be 200 lux, whereas bedroom should 
be 100 lux (See Chapter 06, p 181, Table.6.3).
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40 lux

75600 lux

Fig.6.18. Spot measurements - Wind velocity Fig.6.19. Spot measurements - Illuminance



The reason for lower illuminance level in the courtyard space can 
be aƩ ributed to the shadow from the built form of the chawl, itself. 
Since, the studied unit is located on the ground fl oor, the day-light 
entering the indoor space was comparaƟ vely less. Apart from the lo-
caƟ on of the unit, the canƟ levered projecƟ on outside the main door, 
also blocked natural light from entering the living space (See Chapter 
05, p 127-128). Since, the double height of the kitchen space was now 
divided horizontally in to kitchen and loŌ  space, this also led to the 
distribuƟ on of light coming from the rear window which now gets di-
vided and becomes the source of natural  light and venƟ laƟ on for both 
kitchen and loŌ  space. 

AFTAB LUMINANCE 

Furthermore, the HDR images obtained from AŌ ab Luminance appli-
caƟ on, gives a fair idea of the quality and quanƟ ty of light received 
in the indoor spaces and supports the illuminance readings obtained 
from the spot measurements. The images show the quality of light 
received  in the living area (Fig.20.(a),(b)) which consists of door + 
window + venƟ lator combinaƟ on. The second set of images shows 
the low quality of light received in the loŌ  space through a small ven-
Ɵ lator of the rear window (Fig.20.(c),(d)). Besides, it seems that the 
height and color of the space also aff ects the indoor quality of the 
light. A comparison can be drawn between the double height living 
space (Fig.6.20 (b)) and the loŌ  (Fig.6.20 (d)) which is only 1.5m high.  
The diff erence in the quality of light due to the volume of the room 
can be clearly seen. 
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Fig.6.20.(a). Living area   Fig.6.20.(b). HDR - Living area
Fig.6.20.(c). LoŌ     Fig.6.20.(d). HDR - LoŌ 



CONTINUOUS MEASUREMENTS
The conƟ nuous measurements were taken using three Gemini Data 
Loggers. The instruments were placed in Mr. Chavan’s unit on 12th 
April 2018 at 13:00 and were removed from the unit on 27th June 
2018 at 10:45. The logging interval for each data logger was set at 
15 minutes’ Ɵ me interval. The data loggers were placed in the unit at 
three diff erent locaƟ ons for the given reasons:

a. The Verandah or the front porch (Fig.6.21.(a)): To acquire the 
outdoor climaƟ c condiƟ on, so that it can be compared and analysed 
with the indoor thermal variaƟ ons. 

b. Living room (Fig.6.21.(a)): This mulƟ -purpose space was used 
extensively by the Chavan family throughout the day, all through the 
year. The space was used for relaxing, for having meals, for watching 
television, sleeping, reading, socializing and so on. Also, the double 
height space has the documented window system which comprises of 
double door, window and venƟ lator combo. Hence, it was important to 
study the performance of the living space with this fenestraƟ on system.

c. LoŌ  (Fig.6.21.(b)): The loŌ  was occupied by a single person, 
majority of the Ɵ me. Apart from central open area, all four walls of 
the loŌ  had storage space against it. The 1.5m high loŌ  space that 
was located above the kitchen area also consisted of two openings on 
the opposite ends. One, the entrance door to the loŌ  while the other 
was a small venƟ lator which was a part of the kitchen window. It was 
necessary to log this space since it was interesƟ ng to note how it per-
formed being on top of kitchen and also given the constricted volume 
of the space.
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Fig.6.21.(a). LocaƟ on of data logger - Lower level

Fig.6.21.(b). LocaƟ on of data logger - Upper level



Three graphs are studied with a comfort band derived from ASHRAE 
55, which is a comfort regulaƟ ng tool developed by CBE (Centre for 
the Built Environment). The interpretaƟ on of the graphs is explained 
below:

i. Graph 01 (Fig.6.22.): The ploƩ ed graph shows only the tem-
peratures from the verandah, living area and loŌ . It can be seen that 
the indoor DBTs are not in comfort band throughout summer. How-
ever, with the onset of monsoon, the indoor monitored tempera-

ture enters the comfort band. It should also be noted that the indoor

temperature is in sync with the outdoor thermal condiƟ ons. Since, 

no air condiƟ oning was present in this house, no major fl uctuaƟ on in 

temperature is observed. Lastly, the indoor monitored temperature  

seems to be more stable as compared to the outdoor temperature. 

Also, in spite of full occupancy throughout the day and being a Ɵ ny 

place with lot of furniture and appliances, most of the Ɵ mes the in-

door thermal condiƟ on is about 1 to 2 degrees cooler as compared to 

outdoor temperature. 

Fig.6.22. Graph 01 - Temperature - All spaces
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ii. Graph 02 (Fig.6.23.): Temperature and relaƟ ve humidity for 
living space and loŌ  are ploƩ ed for this graph, to analyse the thermal 
condiƟ ons in these two space. It is also to compare and understand if 
the loŌ  space is aff ected by its volume, by the size of its openings or 
by the fact that it is located above kitchen. The graph shows that the 
humidity levels in the living area and in the loŌ  act in conjuncƟ on with

each other. Also, the graph demonstrates that the temperature of 
the living area is slightly higher than that of the loŌ , almost through-
out the logging period. Hence, although the loŌ  space is above the 
kitchen with the height barely 1.5m, these factors do not aff ect the 
thermal condiƟ ons of this space. The temperature in the loŌ  is stable, 
although not in the comfort band, especially in the summer months. 

OC %

Fig.6.23. Graph 02 - Temperature & Humidity - Living & LoŌ 
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iii. Graph 03 (Fig.6.24.): Temperature and humidity of the living 
area and verandah are ploƩ ed for this graph. The purpose of this graph 
is to analyse the indoor thermal condiƟ ons as compared to the out-
door climaƟ c variaƟ ons. The graph shows that both temperature and 
humidity follow similar fl uctuaƟ ons. However, the indoor monitored 
temperature does not show as drasƟ c changes in the temperature as 
the outside temperature. It can be said that the indoor thermal con-
diƟ ons remain comparaƟ vely steady which is assumed to be achieved 
by effi  cient use of the window + door + venƟ lator combinaƟ on that 
provides the occupants with various adapƟ ve opƟ ons in which the 
combinaƟ on could be used. 

CONCLUSION

Therefore, in conclusion it can be said that since there is no air condi-
Ɵ oning present in the house, the indoor thermal condiƟ ons change ac-
cording to the outdoor climaƟ c condiƟ on. The lower indoor tempera-
ture also indicates an eff ecƟ ve cross-venƟ laƟ on system taking place in 
the house throughout the data logging period, especially in the sum-
mer months. In this case the form of the building and the openings 
that provide cross venƟ laƟ on play a signifi cant role in providing occu-
pant comfort.

Fig.6.24. Graph 03 - Temperature & Humidity - External & Living

OC %
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The Hot-Dry Window from a ‘Wada’
Shiva j i  Peth (Kolhapur)
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Fig.6.25. Wada - full-height window



SPOT MEASUREMENTS:
 

The spot measurements for the Pangu wada in Kolhapur were taken 
on a sunny day on the 26th April 2018, when the summer season is 
almost at its peak. The readings were taken between 11:30 and 12:42. 
Total 13 points were marked. Since the wada is comparaƟ vely very 
big, majority of the points were taken in the wada itself which com-
prised of open, semi-open and enclosed spaces, plus measurements 
were also recorded on the upper fl oor areas of the house. Apart from 
the narrow road in front of the house, all the other measurements 
were taken inside the house that included spaces such as the main en-
trance, courtyard, living space on the lower level. While on the upper 
level - family room, the semi-open corridor and boys room was chosen 
for taking spot measurements.  

To understand if the indoor and the outdoor environment were in 
sync with each other, climaƟ c data for the date and Ɵ me the measure-
ments were taken, were obtained from a weather database and the 
recorded data was as follows:

e. Air Temperature: 33oC

f. Humidity: 11%

g. Wind Speed: 3.0m/s (DirecƟ on: West-North-West)

h. Sky CondiƟ ons: Sunny

Weather Data from: www.wunderground.com

i) Air temperature (Fig.6.26.(a)(b)): The highest temperature 
recorded was in the courtyard at 35oC. While the temperature re-
corded in the narrow road adjacent to the house was 1.5oC cooler. 
Both the spaces were open to the sky and were not obstructed by any

surrounding built form. However, it is assumed that being surround-
ed by walls on four sides and since all the windows opened in to the 
courtyard, it acted like an exhaust, which could be the reason for high-
er courtyard temperature. 

Fig.6.26.(a). Spot measurement - Air temperature - Lower level

35oC

31oC

199



The living space that is adjacent to the courtyard also experienced 
higher indoor temperature of 34oC. The lowest temperature on the 
lower fl oor was recorded at the main entrance at 31.3oC, which marked 
a temperature diff erence of 3.7oC. The reason for the higher indoor 
temperature at the lower level was believed to be because of the lack 
of cross venƟ laƟ on. Hence, unlike the conƟ nuous air movement that 
was observed in the chawl, there was no air movement in the wada.

The lowest temperature noted on the upper level was 32.6oC and was 
recorded in the family room which have windows on opposite sides 
that facilitated cross-venƟ laƟ on. Only two windows were opened 
when the unoccupied room was opened for taking the spot measure-
ments. It is likely that if more windows are kept open out of the six 
windows, the temperature in this room could reduce considerably. It 
was also observed that, apart from cross venƟ laƟ on, since the upper 
level rooms were unoccupied when the spot measurements were tak-
en, the indoor temperature was lower as compared to the living room 
on the ground fl oor. The semi-open corridor space logged similar val-
ues as obtained from the weather database. No major fl uctuaƟ ons in 
the temperature were observed in the wada as such.

ii) Humidity (Fig.6.27.(a),(b)): Kolhapur, being a hot and dry re-
gion, the humidity levels during summer are very low. On the ground 
fl oor, apart from the narrow road, the lowest humidity recorded in the 
living room was 28%, which was expected, since the temperature in 
this space was higher. However, with high temperature, the courtyard 
recorded higher humidity levels (40%), which was 12% higher than 
the above internal humidity level and the reason could be because 
of the numerous poƩ ed plants that occupy this parƟ cular space and 
because the courtyard is washed everyday.

Fig.6.26.(b). Spot measurement - Air temperature - Upper level

31oC

35oC
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with windows shut.

2. Negligible venƟ laƟ on from the venƟ lators and closed windows.

3. Since there were no windows on lower level, the room did not 
receive any solar radiaƟ on. 

Fig.6.27.(b). Spot measurement - Humidity - Upper level

30%

43.5%
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Fig.6.27.(a). Spot measurement - Humidity - Lower level

43.5%

30%

On the upper fl oor, the semi-open spaces recorded lower humidity 
levels. Whereas, the unoccupied boys room logged highest humidity  
at 43%. Following are believed to be the reasons for higher humidity 
levels in the boys’ room: 

1. Clothes were put for drying on washing line inside the room



Fig.6.28.(b). Spot measurement - Wind velocity - Upper level

0.6m/s

0.0m/s

202

Fig.6.28.(a). Spot measurement - Wind velocity - Lower level

0.6m/s

0.0m/s

iii) Wind velocity (Fig.6.28.(a),(b)): Although wada and chawl 
have similar form, unlike chawl, there was no wind movement felt 
neither in the indoor nor in the outdoor spaces of the wada. The main 
reason for this diff erence in air movement could be linked to the lack 
of provision or rather lack of eff ecƟ ve use of cross venƟ laƟ on in the 
house. Although there is a courtyard but with no windows present or

used on two sides of the room in the wada, the cross venƟ laƟ on strat-
egy does not work here. 

The other reason for it could also be due to its locaƟ on. The current 
growth in the rise of buildings surrounding the wada makes it sit in an 
extremely congested area (See Chap 05 p:146-147) which in turn does 
not allow any air movement. 



98800 lux

27 lux

98800 lux

27 lux
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iv) Illuminance (Fig.6.29.(a),(b)): It has been observed that al-
though abundant natural light is available in India, the indoor spac-
es are most of the Ɵ mes poorly lit. In wada as well, the maximum 
illuminance level recorded was 98800 lux on the road and 95500 
lux in the courtyard. However, the illuminance levels in the indoor 
spaces drasƟ cally reduces to a minimum of 27 lux in the living room

and 46 lux and 49 lux in the rooms on the upper level respecƟ vely. 
The reason for this being, no windows on the external periphery and 
smaller windows that open in the courtyard. Inadequate natural light 
in the interiors was one of the reasons why the Pangu family wanted 
to replace the exisƟ ng windows. 

Fig.6.29.(a). Spot measurement - Illuminance - Lower level Fig.6.29.(b). Spot measurement - Illuminance - Upper level



AFTAB LUMINANCE
 

The poor quality of light can further be observed through the HDR im-
ages taken from AŌ ab, an iPhone applicaƟ on. The applicaƟ on provid-
ed supporƟ ng informaƟ on regarding the quality of light in the wada 
and highlighted the problemaƟ c spaces with respect to light distribu-
Ɵ on that also supported the illuminance reading obtained during the 
spot measurements.  

With no arƟ fi cial light on, the images are taken in the kitchen (Fig.6.30.
(a),(b)) on the lower level, which is one of the maximum used space, 
the family room on fi rst level (Fig.6.31.(a), (b)) and the boys room on 
the fi rst level (Fig.6.32.(a),(b)). These images were taken during the 
spot measurements and a uniform scale was set for every image that 
enabled in understanding the lighƟ ng condiƟ on of the spaces in diff er-
ent rooms of the wada. 

If the images from all three spaces are compared, it shows how the 
light gets refl ected due to light colours in the kitchen space. Whereas,  
the family room (Fig.6.31.(a),(b)) and boys room (Fig.6.32.(a),(b)) on 
the upper fl oor with dark coloured ceiling, does not refl ect any light 
and both the spaces appear quite poorly lit. The only source of light 
in the boys’ room is through the top venƟ lators, this light, as can be 
seen, does not reach the fl oor or the living space. Thus, overall the 
indoor areas do not receive adequate natural light and the occupants 
are leŌ  with using arƟ fi cial lights even during the day Ɵ me.

Fig.6.30.(a). Kitchen 

Fig.6.30.(b). HDR - Kitchen
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Fig.6.31.(a). Family room Fig.6.31.(b). HDR - Family room

Fig.6.32.(a). Boys room Fig.6.32.(b). HDR - Boys room
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CONTINUOUS MEASUREMENTS

ConƟ nuous measurements were taken using fi ve Gemini Data Log-
gers. The instruments were placed in the Pangu wada on 25th April 
2018 at 17:30 and were removed from the unit on 21st June 2018 at 
07:45. The logging interval for each data logger was set at 15 minutes’ 
Ɵ me interval. The data loggers were placed on the lower (Fig.6.33.(a)) 
as well as upper (Fig.6.33.(b)) fl oor rooms. They were placed in the 
following places for the given reasons:

a. The courtyard: This data logger was placed to acquire the out-
door temperature and humidity levels, so that the readings could be 
compared and analysed with the indoor thermal variaƟ ons.

b. Living Area: This lower level room was extensively used by 
the occupants as compared to the other areas. The main door which 
opened in to the central courtyard and provided entry to the indoor 
spaces was kept open throughout the day. This space was used for 
reading, relaxing, for socializing and so on. Hence, being the most 
habitable space of the enƟ re house, it was important to study the per-
formance of the living area. 

c. Kitchen: AŌ er living room, this lower level room was used al-
most throughout the day, since this space was not only used for cook-
ing but also for having meals. Apart from this, it also acted as a tran-
siƟ on space to go the bathroom, bedroom and even the upper level 
rooms. The occupants had changed the kitchen windows, wherein the 
size of the windows was increased. Hence, the analysis this space was 
essenƟ al too. 

d. Family room: Although this space was occasionally occupied, 

Fig.6.33.(a). LocaƟ on of data logger - Lower level

Fig.6.33.(b). LocaƟ on of data logger - Upper level
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the importance of this space was mainly due to the presence of win-
dows of diff erent design and sizes on two opposite elongated sides of 
the room. This place was used to dry clothes, to take aŌ ernoon naps 
and during family gatherings. 

e. Classroom: It was essenƟ al to log the temperature of this 
room because it was a new construcƟ on where new building tech-
niques and modern materials were used, such as brick walls, metal 
roof, sliding windows and so on. Hence, it was necessary to analyse 
the performance of this space and compare the same with the other 
spaces on the same fl oor. 

Three graphs are studied and their analysis is explained further:

i) Graph 01 (Fig.6.34.): The temperature from the courtyard, liv-
ing room and kitchen areas of the wada are ploƩ ed in this graph and 
analysed. It can be observed that there is a huge diff erence between 
the external dayƟ me and night Ɵ me temperatures, about 6o-7oC dif-
ference. Therefore, although the dayƟ me temperatures are high, 
the atmosphere during the night is pleasant in Kolhapur. Having said 
that, the indoor monitored temperature of living area and the kitchen 
space does not fl uctuate as drasƟ cally as the outdoor temperature. 

Overall, the indoor thermal condiƟ ons are comfortable. During sum-
mers, the temperature in the aŌ ernoon touches 33oC making it un-
comfortable for the occupants, while the night Ɵ me temperature is 
pleasant and is completely in the comfort band. 

Fig.6.34. Graph 01 - Temperature - External, Living & Kitchen

OC
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During the monsoons, the dayƟ me as well as the night Ɵ me tempera-
tures are completely in the comfort band. Therefore it is evident that,  
comparaƟ vely smaller openings work well for the indoor spaces of the 
house in terms of thermal comfort.

ii) Graph 02 (Fig.6.35.): Temperature and humidity of the living 
area and courtyard were ploƩ ed together in a graph. As stated ear-
lier, the DBT of the living room is always in the comfort band during 
the night and the highest temperature recorded is during aŌ ernoons. 

The monitored temperature of the living room is in the comfort band 
during the monsoons. Furthermore, the indoor temperature does not 
fl uctuate as drasƟ cally as the outdoor temperature. Also, the varia-
Ɵ ons in the indoor and the outdoor humidity levels is almost the same 
except during the night Ɵ me when the indoor humidity is slightly low-
er than the outdoor level, which can be linked to the lower occupancy 
level.

%

Fig.6.35. Graph 02 - Temperature & Humidity - Living Room & Kitchen

OC

208



iii) Graph 03 (Fig.6.36.): This graph demonstrates the logged tem-
perature of the family room (old construcƟ on) and the classroom (new 
construcƟ on), which are located on the upper level. Both the spaces 
had minimum occupancy level, during the Ɵ me the data loggers were 
placed in these spaces. The monitored temperature of the classroom 
is strikingly higher than the family room temperature. The maximum 
temperature recorded in the classroom is 46.5oC during this Ɵ me the 
outdoor temperature recorded is 32.6oC, whereas the temperature in 
the family room at the same Ɵ me is logged at 33oC. Thus, the diff er-
ence between temperature between both the rooms at the same Ɵ me 
is of 13.5oC. It is evident that the old building performed beƩ er as 
compared to the new construcƟ on. The diff erence between the old

and the new building was: 

a. The construcƟ on material for walls was brick in the new con-
strucƟ on and stone in the old one. 

b. The material for roof used in the new building were metal 
sheets and for old building manglore (clay) Ɵ les were used.

c. The windows in the new construcƟ on were single glazed slid-
ing window whose eff ecƟ ve aperture area was only 50% of the total 
construcƟ on area of the window. While the windows of the family 
room were double shuƩ er teak wood windows with eff ecƟ ve aperture 
area of 100% (See chapter 05, p 157)

Thus, the above menƟ oned points are the primary reasons for the 
higher temperature levels in classroom. 

Fig.6.36. Graph 03 - Temperature - Family room & New Classroom with External Temperature
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CONCLUSION

Although chawl is said to be derived from wada, the later does not 
funcƟ on as well in terms of thermal and visual comfort as compared 
to the chawls. The indoor spaces felt hoƩ er, arƟ fi cial lights were used 
in the living and kitchen area and there was no air movement as such. 
Therefore, just having a central courtyard does not make an indoor 
space environmentally comfortable. The spot measurement demon-
strated the importance of adapƟ ve windows. If the windows in the 
rented boys room (Fig.6.39.) were not placed so high, they could have 
had the opportunity to adjust them which would have aided in reduc-
ing the indoor temperature. It was also observed that, even though 
there were ample windows present in the house, some were kept shut 
most of the Ɵ mes and were hardly used (Fig.6.37., 6.38., 6.40., 6.41., 
6.42.). Thus, apart from the form of the building, having openings that 
can be easily used by the occupants to adjust the aperture area, makes 
a lot diff erence in their comfort level, psychologically as well as phys-
iologically. 

Fig.6.38. Lower level -BedroomFig.6.37. Upper Rooms

Fig.6.39. Boy’s Room Fig.6.40. Boy’s Room

Fig.6.41. Family room Fig.6.42. Class room

210



OVERALL CONCLUSION

If we observe the environmental performance of all the three typol-
ogies, it is quite evident that the windows play a very crucial role in 
seƫ  ng the indoor thermal and visual environment of a space. The ob-
servaƟ ons can be summarized as follows:

1. The Apartment: The west facing windows in the living room 
and the adjacent bedroom brought in lot of light and radiaƟ on in the 
respecƟ ve spaces, especially the full height living room window. The 
many added layers to the window such as curtains, mosquito nets, 
washing line just outside the window, had an impact on the indoor en-
vironmental condiƟ ons. Even aŌ er modifying the window as per their 
liking, Mr.Oza’s family ended up using air condiƟ oning extensively and 
the use of it was quite evident in the monitored data obtained. In 
an interview with Mr.Oza, he menƟ ons the use of mechanical cooling 
throughout the year. Hence, although the window is modifi ed, it is 
perhaps not modifi ed in a way that would improve the indoor envi-
ronment, rather it made it worse. 

2. The Chawl: This household probably performed the best out 
of the three documented typologies. In spite of being a Ɵ ny cramped 
up space with full occupancy, Mr. Chavan’s house performed extreme-
ly well and was in sync with the outdoor weather variaƟ ons. With a 
central courtyard form of the building and a fantasƟ c window + door 
+ venƟ lator system that ensured cross-venƟ laƟ on, allowed enough 
air movement inside the house, thus making it comparaƟ vely a com-
fortable space to live in. Not having an air condiƟ oning Ɵ ll date nor 
having any interest to buy one in the near future nor any interest in 
changing the current window design, shows the level of saƟ sfacƟ on of  

Mr. Chavan’s family with the space they live in. 

3. The Wada: The oldest building studied, this wada had simi-
lar features as the chawl. However, environmental performance wise 
it was observed that the house had the potenƟ al to perform much 
beƩ er especially when it came to natural light and venƟ laƟ on. The 
fi eldwork demonstrated that all the windows were not used to their 
full potenƟ al, since they provided with many alternaƟ ves for the oc-
cupants to use and to adjust their indoor environment. The most un-
der performing space was the living area with inadequate natural light 
and zero air movement. This extensively used space lacked cross-ven-
Ɵ laƟ on, which would have completely changed the indoor climate for 
the living space. Apart from this the rented room of the upper fl oor 
had the potenƟ al to be bright and airy if all the window were used 
effi  ciently. Therefore, it can be said that, although, overall the wada 
performs well, the indoor environmental condiƟ ons had potenƟ al to 
be improved further with full and proper use of the available windows 
already present in the house. 

Thus, the conclusion drawn from the fi eldwork, becomes the base of 
the computaƟ onal analysis performed in the following chapter. The 
window systems from the three typologies are analysed further to  lay 
an emphasis on the important role that windows play in providing in-
door environmental comfort along with other architectural elements.
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SURVEY

In addiƟ on to the fi eldwork that comprised of data collecƟ on in the 
form of drawings, photographs and environmental measurements 
such as spot measurements, conƟ nuous measurements and HDR im-
ages, two forms of surveys were performed. These surveys were es-
senƟ al in understanding what the occupants living in the apartments 
felt about their spaces. Building Use Study (BUS) quesƟ onnaire and 
a quesƟ onnaire designed specifi cally to understand the importance 
of windows in the daily rouƟ nes of the occupants were distributed 
amongst 22 occupants from big and small ciƟ es. 

1. Findings from BUS (Building Use Studies) Survey:

Developed in the 1980s in London, Building Use Studies (BUS) is a 
methodology that is used for evaluaƟ ng occupant saƟ sfacƟ on through 
qualitaƟ ve/quanƟ taƟ ve feedback process (UKGBC, 2013). The pur-
pose of this study is to understand the user percepƟ on of buildings so 
that further adjustments are made for future projects. The post-occu-
pancy evaluaƟ on method has two categories for which two diff erent 
sets of quesƟ onnaires are made available: 
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a. Housing units

b. Non-domesƟ c buildings with permanent inhabitants.  

The 45-quesƟ ons feedback form aims at extracƟ ng informaƟ on from 
the users on aspects such as (Leaman, 2011):

a. Personal control   b. LighƟ ng

c. Thermal Comfort  d. VenƟ laƟ on

e. Noise     f. Design, space and needs.

The 2 – page quesƟ onnaire that was used to obtain occupants per-
cepƟ on of their spaces consisted of quesƟ ons based on the following:

a. Background:  Consisted of quesƟ ons such as gender, age, 
name, number of people living in house, the type of house, ownership 
status and so on.

b. About the residence in general: This secƟ on was based on the 
layout of the house, locaƟ on, the space, storage spaces and overall 
appearance. 

c. Needs: It was aimed at understanding if the users were happy 
with the faciliƟ es that were provided to them. They were expected to 
give examples of what worked for them and if any addiƟ onal faciliƟ es 
were required.

d. Special circumstances: It was to know if the needs of the occu-
pants were met in case of special circumstances 

e. Comfort: The most important part of the quesƟ onnaire, this 
secƟ on helped in obtaining informaƟ on regarding comfort condiƟ ons 
during summers and winters that included quesƟ ons based on tem 
-perature, air quality and overall condiƟ ons during summer and win-
ter months along with comments on venƟ laƟ on, cooling and heaƟ ng. 
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f. Noise: This part invesƟ gated the eff ect of noise from diff erent 
sources such as people between rooms, neighbours and from outside.

g. LighƟ ng: The quality of natural as well as arƟ fi cial light is ques-
Ɵ oned in this secƟ on.

h. Personal Control: To know how much personal control did 
the users have on heaƟ ng, cooling, venƟ laƟ on, lighƟ ng and noise.

i. Other secƟ ons that are included in this form tends to under-
stand the health of the inhabitants, how they felt about the overall 
design and about the environmental design features and so on.

This quesƟ onnaire was distributed amongst 22 individuals living in 
Mumbai (city), Ratnagiri (city) and Alibag (town), all of which belong 
to hot and humid climate. Majority of the surveyed occupants live in 
an apartment system. Some of the prominent fi ndings from this sur-
vey are discussed below:

CondiƟ on in Summer: 

Summer condiƟ ons in hot and humid ciƟ es like Mumbai are most of 
the Ɵ mes uncomfortable, this was observed during the fi eldwork as 
well as the survey. The results showed that the indoor thermal con-
diƟ ons during the summer months were not comfortable, with hu-
midity being one of the main reasons (Fig.6.44). Majority of the sur-
veyed individuals felt, the air became very humid during summers 
(Fig.6.43). Plus, they also felt that the internal temperature became 
too hot and thus experienced uncomfortable condiƟ ons during sum-
mers (Fig.6.45) (Fig.6.46). Such discomfort in most cases subsequently 
leads to the use of mechanical cooling to dehumidify the indoors and 
bring down the temperature.
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Fig.6.44. Air in Summer - Overall (BUS Methodology)Fig.6.43. Air in Summer (BUS Methodology)
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Fig.6.46. Temperature in Summer - Overall (BUS Methodology)Fig.6.45. Temperature in Summer (BUS Methodology)



Noise Control: 

In order to allow air circulaƟ on, when the windows were kept open, 
occupants experienced lot of outside noise especially from the traf-
fi c (Fig.6.48). They had no control (Fig.6.47) over the disturbance
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created by the outside noise except by shuƫ  ng down all the openings 
such as doors and windows that minimized the noise level but led to 
the rise in the indoor temperature.  

Fig.6.48. Noise from Outside (BUS Methodology)Fig.6.47. Noise Control (BUS Methodology)
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LighƟ ng – Natural Light: 

The occupants felt that the natural light received in their living space 
was generally higher than their requirements (Fig.6.49). With bright 
sunny skies especially during the summer months and also most of 
the Ɵ mes during rest of the months except some rainy days, the ex-
cess natural light caused discomfort amongst the inhabitants. 

Findings from ‘Windows’ QuesƟ onnaire:

The 19 – quesƟ ons survey form was created keeping in mind the In-
dian context. It was distributed amongst 21 individuals from Mum-
bai, Alibag and Ratnagiri and was designed mainly to understand the 
role windows play in the daily rouƟ ne of the occupants. Through this 
survey, it was anƟ cipated that it would allow in understanding if ‘win-
dows’ acted as an adapƟ ve tool if they had the potenƟ al to create 
diversity, fl exibility and social interacƟ on along with providing thermal 
and visual comfort for its users. The topics covered under this ques-
Ɵ onnaire were as follows:

a. Importance of windows

b. Window and privacy

c. Window and insects/mosquitoes

d. Window and safety

e. Air condiƟ oning and lighƟ ng

f. Window and social interacƟ on

The following observaƟ ons were made:

a. Importance of window:

Majority of the surveyed individuals felt that windows must be op-
erable (Fig.6.50), especially for fresh air (venƟ laƟ on), view out and 
sunshine (natural light). Amongst other advantages, the occupants 
also felt that windows played important role in knowing what is hap-
pening outside, for plants, in helping with Ɵ me, as a storage space 
and also provided informaƟ on on the changing climaƟ c condiƟ ons 
(Fig.6.51). Although windows play various important roles in the 
daily lives of occupants, there are also some disadvantages of the 
same. The most common draw back of opening a window that wasFig.6.49. Natural Light (BUS Methodology)
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recorded through the survey was the problem of mosquitoes and in-
sects. Outside noise (Fig.6.47.) (Fig.6.48), dust and privacy were also 
some of the major issues that the occupants faced when windows 
were kept open (Fig.6.52). Whereas, too much heat, glare and too 
much light were the least voted problem factors.

Fig.6.50. Importance of Window
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Fig.6.51. Advantages of Window

Fig.6.52. Disadvantages of Window
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b. Window and privacy:

Privacy seemed to be important criteria for the occupants. Though, 
57% of the surveyed occupants never faced any privacy related issue, 
43% did have problems related to privacy, the main reason for which 
was close proximity of the neighbouring building and large windows. 
It was stated by majority of the occupants that this issue was tackled 
by using curtains or blinds (Fig.6.56).

Fig.6.53. Importance of Privacy

Fig.6.54. Faced Any Privacy Issues

Fig.6.55. Reasons for Lack of Privacy
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Fig.6.56. Curtains for Privacy
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c. Window and insects/mosquitoes:

Keeping the windows open especially in the evenings caused a major 
issue of insects, specifi cally mosquitoes entering the house (Fig.6.57). 
Although, monsoons saw rise in the number of mosquitoes, the prob-
lem was persistent throughout the year (FIg.6.58).  The soluƟ on ap-
plied by most of the occupants for this issue was by fi xing a mosquito 
net on the window, by using mosquito repellents or by keeping the 
windows shut and using air condiƟ oning. 

Fig.6.57. Mosquito Problem

Fig.6.59. Mosquito Net & Bird Net
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Fig.6.61. Window for Social InteracƟ onFig.6.60. Importance of Safety

d. Window and safety:

While the occupants felt safety as an important aspect of any win-
dow design (Fig.6.60). They ensured that it was obtained by installing 
a metal safety grill on the outer side of the window (Fig.6.59) even on 
higher fl oors.

f. Window and social interacƟ on:

The survey showed that the use of window for social interacƟ on was 
very low and it was only used to call out to someone rather than for 
communicaƟ on purpose (Fig.6.61). As a result, the present window 
system and the form of the buildings fail to create a sense of social 
connectedness amongst its occupants and hence becomes one of the 
main reasons for social isolaƟ on.

Importance of Safety

1 - Very Important 2 3 4 5 6 - Least Important
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Fig.6.64. A.C. Usage Throughout the DayFig.6.62. A.C. Provision

e. Air condiƟ oning:

Although it is esƟ mated that only 5% of the Indian households are 
equipped with air condiƟ oning (Dzieza, 2017) (AFP, 2018), the survey 
pointed towards rapid growth in the use of mechanical cooling sys-
tems. It showed that the air condiƟ oning was used extensively with 
majority of them having provision in both living room as well as bed-
room (Fig.6.62) (Fig.6.63). The mechanical cooling was not used in the 
morning and evening hours, it was mainly used during the night. Full 
occupancy at night Ɵ me and shuƫ  ng of the windows during sunset to 
avoid mosquitoes entering the house, seems to be the major reason 
for the use of air condiƟ oning at night Ɵ me. While higher temperature 
and high solar radiaƟ ons, seems to be the reason for the use of air 
condiƟ oning in the aŌ ernoons (Fig.6.64). 
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Fig.6.63. Provision for A.C. in the House
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AddiƟ onal Comments

Some of the comments that were documented on the quesƟ on, ‘If 
you would like to change anything about your present window?’, are 
as follows:

a. Would like to have wooden frame shuƩ er windows instead of 
aluminum sliding windows. Also, would like to add a venƟ lator above 
the main door in the living room for the purpose of cross venƟ laƟ on.

b. Any amendments to the exisƟ ng window that can help in re-
ducing the noise levels, although happy with the full length of the win-
dow (would not want to change that).

c. Would like to reduce the height as it takes up the enƟ re wall 
and limit the availability of usable space.

d. Would make balconies more spacious.

e. Would like to have lower windows with fl ower bed in front.

f. Would like to install bird and mosquito net to keep them out.

g. Would remove the window grill and use the canƟ lever space as 
a sit out space. 

The above comments demonstrate, how every individual per-
ceives window. Each occupant has their own requirements and 
defi niƟ on of their window. Hence, this further strengthens the core 
belief of this research study of why windows cannot be monotonous. 

Refl ecƟ ons

Looking at the outcomes from both the surveys, it can be said that 
windows play varied vital roles in the life of the occupants. However, 
there were also some discomforts due to windows. These issues were 
addressed by the occupants by adding various features such as cur-

tains, safety grills and so on. Nonetheless, these soluƟ ons resulted in 
addiƟ on of more and more layers to the exisƟ ng window which ulƟ -
mately added to the total cost of the window. 

The survey showed that people faced privacy issues and the main 
reason cited was close proximity to the neighbouring buildings. One 
must understand that the issue of privacy maybe parƟ ally due to the 
placement of windows but it is mainly due to high density that results 
in buildings being placed in close proximity with each other. Although, 
an appropriate soluƟ on to this would be to have suffi  cient distance 
between buildings, the installaƟ on of blinds or curtains by majority 
of the occupants helps them tackle this issue. But, the use of blinds 
or curtains prevents venƟ laƟ on and also obstructs natural light from 
entering the indoor space. Likewise, another problem that the occu-
pants faced was of outdoor noise from the traffi  c. Again, the main rea-
son for this discomfort is parƟ ally the windows but the main reason 
was the rise in vehicular traffi  c. Thus, to cut off  the outdoor noise, the 
occupants had to keep their windows shut and use air condiƟ oning in-
stead. However, a more appropriate way of reducing the traffi  c noise 
would be strict vehicular traffi  c rules such as ‘no honking’ or proper 
traffi  c lights. Although, soluƟ ons are available, such as use of curtains 
or beƩ er traffi  c rules, there is also a scope to incorporate design inter-
venƟ ons. The use of jaalis or laƫ  ce system that provide privacy and 
also allows light and venƟ laƟ on at the same Ɵ me. Provision of balcony 
and urban intervenƟ ons such as plantaƟ ons are some other ideas that 
can be incorporated to reduce noise levels. 

One of the prominent issue that is faced by nearly every occupant 
in India is of mosquitoes, almost throughout the year. The fi xing 
of mosquito nets to the windows is now a norm and almost every
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developer provides these nets by default. This is an important concern 
and hence, rather than just puƫ  ng up nets, it would be best to keep 
surroundings clean and to use pest control to eliminate the growth of 
mosquitoes over a period of Ɵ me. Another similar problem that the 
occupants usually face is of dust. To prevent dust from entering the 
house, windows are kept shut most of the Ɵ mes. But again, the more 
appropriate soluƟ on for this would be to have dust-free surroundings 
and more plantaƟ ons around the built spaces. 

Furthermore, the occupants have pointed out excess natural light en-
tering their living space. Again, for which the users end up puƫ  ng cur-
tains or Ɵ nted glazing which in turn restricts the air fl ow and encour-
ages the use of air condiƟ oning to achieve indoor comfort. An ideal 
way to deal with excess natural light would be through smart shading 
design such as canƟ levers and calculated size of windows as per the 
orientaƟ on of the building and as per the room size. 

Thus, the issues cited by the occupants and their soluƟ ons has added 
more layers to the exisƟ ng window. These layers have been added to 
the exisƟ ng window, as per the occupant requirements. The supple-
mentary layers add more money to the base price of the window, and 
instead has led the occupants to opt for easy but expensive and envi-
ronmentally harmful soluƟ ons such as the use of mechanical systems 
for cooling and lighƟ ng. It has also made the developers and designers 
less creaƟ ve in terms of window designing. This, is precisely what this 
study tries to highlight – it is to understand the current window design 
trends, to document them and analyse them, to idenƟ fy how they are 
being perceived and used by the occupants and fi gure out the issues 
associated with them and suggest soluƟ ons. 
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CH
AP

TE
R PERFORMANCE ANALYSIS

Various architectural elements such as walls, fl oors, roofs, windows 
have the ability to improve or worsen the indoor environment. Chang-
es in material, dimensions, building techniques can shiŌ  the thermal 
properƟ es of a built space tremendously. To study these changes, dy-
namic thermal simulaƟ ons are performed. In this chapter, these sim-
ulaƟ ons are carried out, parƟ cularly, to understand the impact of win-
dows, specifi cally from the ‘chawl’ and ‘wada’ typology, on a typical 
contemporary window that belongs to the apartment block.  All of the 
above-menƟ oned typologies are documented (See Chapter 05 and 06). 
The simulaƟ ons are performed to understand the impact of change in 
wall, fl oor and ceiling construcƟ on method and material on the doc-
umented apartment and also the impact of the addiƟ on of external 
shading on indoor environment. A case by case record of the impact 
created aŌ er these changes are applied and presented in the form of 
graphs. These cases are compared and analysed to draw conclusions 
and also form supporƟ ng informaƟ on for the concluding chapter.

ComputaƟ onal SimulaƟ on – TAS (Thermal Analysis SoŌ ware)

The modelling soŌ ware chosen for further study is Thermal Analysis 
SoŌ ware (TAS) developed by Environmental Design SoluƟ ons Limited 
(EDSL). This soŌ ware simulates the dynamic thermal performance of 
buildings, by taking into consideraƟ on, the eff ects of thermal mass 
and operaƟ ve temperature. There are various modules in TAS, of 
which the TAS building designer is the main segment that executes 
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dynamic simulaƟ ons with integrated forced and natural airfl ow. The 
3D modeller module allows to include CAD link to create building ge-
ometry for simulaƟ on. It has built-in construcƟ on libraries with their 
U-values which can be synthesized to create construcƟ on elements as 
per user requirement. TAS also allows linking of weather fi les from on-
line weather sources which are then converted into a graphical format 
in TAS to give annual environmental variables such as temperature, hu-
midity, wind velocity, cloud cover, sunshine and so on. Further, it pro-
vides venƟ laƟ on, heaƟ ng and air condiƟ oning (HVAC) controls which 
can be coupled with the 3D geometry to be simulated (Saleh, 2018). It 
allows the user to add infi ltraƟ on and venƟ laƟ on rates along with cal-
culated internal gains. Plus, the user also gets to add advanced inputs 
such as aperture types, window and venƟ laƟ on schedules, shading 
types and so on. Thus, TAS provides with the opportunity to combine 
dynamic thermal calibraƟ ons of space while giving control over func-
Ɵ ons such as natural and mixed-mode venƟ laƟ on rates and provides 
annual hourly outputs that can be customized as per the requirements. 

Methodology for Analysis

Taking into consideraƟ on the above specifi caƟ ons of the soŌ ware, Tas 
9.4.4. was used in determining the thermal performance of an apart-
ment block in Mumbai (Case study 01) (Fig.7.1). Out of the three fi eld 
studies, an apartment, in the eighteen-fl oor tower was chosen for cal-
ibraƟ on because the tower represented the current building trend in  
the residenƟ al sector and hence served as a typical apartment build-
ing example throughout India.

The main aim to carry out thermal simulaƟ on was to further stress 
upon the role of windows in formulaƟ ng the indoor environment.

Thus, this analysis was performed to establish the adaptability that 
‘windows’ provide. The fi eldwork showcases three  typologies belong-
ing to the diff erent eras that exhibit diff erent style of construcƟ on, 
materials, technical details as well as diff erent designs. The simula-
Ɵ ons were performed to determine the impact of the documented 
window designs along with the materials and construcƟ on techniques 
used, on a typical contemporary apartment block. As a result, eight 
cases were formulated based on the fi eld study. The cases were tested 
and the results were ploƩ ed for typical summer days for the west-fac-
ing living-cum-dining area of the apartment.

Fig.7.1.Panorama Tower, Andheri-Mumbai

Apartment considered 
for dynamic simula-
Ɵ ons
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Fig.7.2. Panorama Tower - Plan

Fig.7.3. Panorama Tower – Plan in TAS

Fig.7.4. Panorama Tower – 3D in TAS

Apartment considered 
for dynamic simulaƟ ons
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1. Case 01: CalibraƟ on is performed taking into account the ex-
isiƟ ng contemporary apartment block where the windows, fl oor, walls 
and ceiling are considered as per the present condiƟ on alongwith the 
documented internal gains. (Typology 1).

The cases that are considered for simulaƟ on are as follows:

2. Case 02: The window of case 01 is replaced with the one used 
in ‘chawl’ (typology 2).

3. Case 03: The wall thickness and material of case 01 are re-
placed with the one used in ‘chawl’ (typology 2).

4. Case 04: The fl oor and ceiling of case 03 are replaced with the 
one used in ‘chawl’ (typology 2).

5. Case 05: The window of case 01 is replaced with the one used 
in ‘wada’ (typology 3).

6. Case 06: The wall thickness and material of case 05 are re-
placed with the one used in ‘wada’ (typology 3).

7. Case 07: The fl oor and ceiling of case 06 is replaced with the 
one used in ‘wada’ (typology 3)

8. Case 08: A simulaƟ on is performed, were the exisƟ ng walls, 
ceiling and fl oor are replaced with exposed RCC along with window + 
door + venƟ lator combinaƟ on that allows night-Ɵ me venƟ laƟ on. 

An addiƟ onal simulaƟ on is performed keeping the window design and 
material confi guraƟ on same as case 08 with an addiƟ on of external 
shading system.

AssumpƟ ons

Some common components were considered for all the eight cases 
and they are as follows:

I. 3D modeller: As shown in Fig.7.4, a 3D model of the tower was 
created and the apartment to be simulated was zoned. Other param-
eters such as building elements like walls, fl oors and ceilings, windows 
and shades changed as per the cases and are discussed further in de-
tail in each case.

II. Internal CondiƟ ons: Factors such as infi ltraƟ on rates, venƟ la-
Ɵ on, lighƟ ng gain, sensible and latent occupancy and equipment gains 
were derived based on the fi eldwork analysis (Refer Chapter 05 and 
06) These values were the same for all the cases and are as follows:

 Infi ltraƟ on rate: It is assumed that the building is not air-Ɵ ght 
and air trickles through the gaps, such as cracks, leakage in doors or 
windows and so on. As per CIBSE Guide A, the infi ltraƟ on rate consid-
ered for rooms in dwellings is 0.2ach. 

 VenƟ laƟ on: To provide fresh air to the inhabitants and to re-
move concentraƟ ons of harmful pollutants from a space, hourly val-
ues for venƟ laƟ on were calculated using the formula:

 Air changes/hour = (l/s)*no. of occupants*3.6  

        volume of room

Where,

(l/s) is the amount of infl ow of air per unit Ɵ me. This value is consid-
ered 10l/s for each occupant. 
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The hourly weekend and weekday values are given below (Table.7.1), 
that were derived by taking into consideraƟ on the occupancy paƩ ern.

Table.7.1. Table of hourly venƟ laƟ on values

LighƟ ng Gains (Table.7.2): The internal heat gains from the lighƟ ng 
fi xtures were calculated based on the number of fi xtures in the living

room and their consumpƟ on paƩ ern. The hourly values of lighƟ ng 
gains for weekday and weekend table are as follows:

Table.7.2. Table of hourly lighƟ ng gains

Occupancy Gains (Table.7.3): Depending upon the acƟ vity of the oc-
cupants that was recorded during the fi eldwork, sensible and latent 

occupancy gains were derived from CIBSE Guide A and are as follows:

Table.7.4. Table of hourly sensible equipment gain

Equipment Gains (Table.7.4): Since, equipments do not add moisture  
into the environment, only sensible equipment gain is generated. 

The values of the same are derived from CIBSE Guide A and are fol-
lows:

Table.7.3. Table of hourly sensible and latent occupancy gains

These venƟ laƟ on rates were considered only for the calibrated case.
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IV. The BUS survey, quesƟ onnaires, interviews with the occupants 
considerably pointed at the uncomfortable thermal condiƟ ons expe-
rienced by the users specifi cally in the summer months. Hence, the 
results for all the cases were drawn for fi ve typical summer days of the 
year. For simulaƟ on purpose, the comfort band was calculated using 
CBE Thermal Comfort Tool for ASHRAE 55, that calculates the lower 
and upper limit of the thermal comfort ranges (Tyler et al., 2017). Ta-
ble.7.5. below shows the days considered and the comfort band limits 
of the same:

Summer

Days 10th May – 15th May 
(Day : 130-135)

Comfort Band 

(80% acceptability limit was 
considered)

23.8oC – 30.8oC

Table.7.5. Days of Analysis and Comfort Band
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Case 01: 
The exisƟ ng modern apartment block where the windows, fl oor, walls 
and ceiling are considered as per exisƟ ng design (Fig.7.5 – 7.7). (Ty-
pology 1).

Tinted Sliding 
window with Alu-
minium frame

Mosquito net

Curtain

Fig.7.5. ExisƟ ng Window – Plan Fig.7.6. ExisƟ ng Window – Plan

Tinted Sliding win-
dow with Aluminium 
frame Mosquito net
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Table.7.6. Table of ConstrucƟ on considered for Case 01Fig.7.7. ExisƟ ng Window - External ElevaƟ on
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1.0

Glazing 
U-value 5.7



Table.7.7. Window Schedule - Case 01

Graph 01: For summer – 10th (day 130) to 15th May (day 135)

The drawings and the table (Table.7.6) provides detailed specifi ca-
Ɵ on, such as measurements of the building elements like window, 
wall, fl oor and ceiling plus material specifi caƟ on for the given build-
ing elements along with their internal and external U-values. Window 

schedule (Table.7.7) was set as per the observed paƩ ern of use and 
from occupant interview, while the aperture value was set to maxi-
mum opening (0.75) that could be achieved with a sliding window. 
The west facing living-cum-dining space was considered for the pur-
pose of simulaƟ on. 

Hours

Window 
Status

0 = Close  1 = Open
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Solar radiaƟ on, external temperature, plus an upper and lower limit of 
the comfort band were ploƩ ed (Fig.7.8). 

Apart from the above parameters, the following three temperatures 
are also ploƩ ed:

1. Monitored Dry Bulb Temperature (DBT): This is the reading ob-
tained from the data loggers placed in Mr.Oza’s apartment during the 
summer months. 

2. Simulated resultant temperature (RT): This graph line portrays the 
exisƟ ng condiƟ ons of the apartment. Wherein, the materials, their 
thickness and construcƟ on techniques are inserted as per the re-
corded condiƟ on during the fi eldwork. The internal condiƟ ons such 
as lighƟ ng gains, equipment gains and occupancy gains are entered 
based on the data recorded during fi eldwork through observaƟ ons 
and user feed back. The simulaƟ ons are performed for free-running 
living space. 

3. Calibrated resultant temperature (RT): According to ASHRAE 14-

2014 guidelines, a process of comparison of the actual measured data 
under set condiƟ ons to the predicted output of the model under the 
same set of condiƟ ons is defi ned as calibraƟ on. Hence, a calibrated 
model is the one that can recreate the measured data under the same 
set of parameters (Ruiz and Bandera, 2017).

In this case, calibraƟ on is performed to match the monitored tem-
perature. Apart from building specifi caƟ ons and internal condiƟ ons, 
mechanical cooling is added to the input data in TAS. The period of the 
use of air condiƟ oning is determined through fi eldwork observaƟ ons 
and user feedback. 

Resultant temperatures are ploƩ ed because unlike the dry bulb tem-
perature that does not take in to consideraƟ on the radiaƟ on and 
moisture present in the air, the resultant temperature considers the 
exchange of heat through conducƟ on as well as through radiaƟ on. 
Since, thermal comfort is assessed in this case as well as in the follow-
ing cases, resultant temperature (RT) is ploƩ ed for all the graphs. 
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Results: 

The calibrated and the simulated RT do not fall in the comfort band. 
It is observed that the simulated RT, rises with the rise in solar radi-
aƟ on and co-ordinates with the outdoor temperature. Whereas, the 
monitored DBT, as well as the calibrated RT, is 3-3.5oC lower during the 
same period (1). Thus, it is very clear that from peak solar radiaƟ on 
period Ɵ ll evening, the occupants are most uncomfortable and hence, 
use mechanical cooling within this Ɵ me frame to improve their indoor 
thermal environment.

Further, a 2oC drop in monitored DBT, from 31o to 29oC is observed 
between 22:00 and 24:00 at four consecuƟ ve nights (2). This phe-
nomenon is not seen on the 5th night (14th May). It is assumed 
that since the drop in external temperature is gradual, the inter-

nal temperature does not seem to be infl uenced by external climaƟ c 
condiƟ ons. There is a possibility that air condiƟ oning is used during 
this period with minimal internal heat gains during this Ɵ me. 

The monitored DBT, the simulated RT and calibrated RT are more or 
less in sync with each other, however, the diff erences can be associ-
ated with the diff erence in the assumed internal condiƟ ons (as per 
the interview with the occupant and observaƟ ons made during the 
fi eldwork) and actual internal condiƟ ons. Having said that, it can be 
established that, since calibrated RT coordinates with the monitored 
temperature and simulated RT coordinates with the outdoor tem-
perature, the assumpƟ ons that are undertaken for calibraƟ on are ac-
ceptable and on the basis of this premise further simulaƟ ons can be 
performed. 

Fig.7.8. Case 01 - ExisƟ ng Case

oC W/m2

1

2 2 2 2



237

Case 02: 
In this case, the exisƟ ng window of the apartment is replaced by the 
chawl window which is designed to fi t to the dimensions of the exist-
ing apartment window (Fig.7.9 – 7.11). (Typology 2). Thus, the Ɵ nt-
ed sliding window with aluminium frame and with mosquito net plus 
light curtains is replaced with a window + door + venƟ lator combina-
Ɵ on. This window is designed in wood with wooden frames. 

Double door in 
wood

Horizontal lou-
vers in wood

Fig.7.9. Case 02 – Plan Fig.7.10. Case 02 - SecƟ on

Double door in Wood
ShuƩ ered Window in 
Wood

ShuƩ ered Window in 
Wood

IN

OUT
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Table.7.8. Table of ConstrucƟ on considered for Case 02Fig.7.11. Case 02 - ElevaƟ on
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2.2



239

Table.7.10. Window Schedule for VenƟ lator - Case 02                    0 = Close  1 = Open

Table.7.9. Window Schedule for Double Door and Window ShuƩ er - Case 02                 0 = Close  1 = Open

Graph 01:  For summer – 10th (day 130) to 15th May (day 135) – 100% 
open

The drawings and the table (Table.7.8) provides detailed specifi -
caƟ on such as measurements of the building elements like win-
dow, wall, fl oor and ceiling plus material specifi caƟ on for the given 
building elements along with their internal and external U-values. 

Since, the double door and shuƩ ered windows can be opened com-
pletely as opposed to the sliding windows, 100% aperture area is con-
sidered for the purpose of this simulaƟ on. The venƟ lator above the

double door is kept open even during the night Ɵ me (Table 7.10.), 
whereas, the double door and the shuƩ ered window are operated as 
per typology 01 schedule (Table.7.9.).

Solar radiaƟ on, external temperature, RT of the exisƟ ng case (case 
01) without mechanical cooling, RT of case 02 – where the double 
door and shuƩ ered windows are kept completely open during the day, 
along with fully open venƟ lator plus upper and lower limit of the com-
fort band were ploƩ ed (Fig.7.12).

Hours

Window 
Status

Hours

Window 
Status
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Fig.7.12. Case 02 & Case 01 (ExisƟ ng) Comparison of Temperatures

oC W/m2

Results: 

The area of the window in Case 02 is approximately 5.0m2, same as 
the area of Case 01 window. The solar radiaƟ on received in the liv-
ing room is higher, since the room is west facing and hence the tem-
perature in this space is also comparaƟ vely higher (See Chapter 06, 
p 178-181). However, the ability to open the windows completely al-
lows maximum venƟ laƟ on, which probably is the reason why the re-
sultant temperature of the living space drops by a maximum of  1.3oC. 
This drop is mostly seen aŌ er 15:00, at late night and early morning 
hours. From 23:00 Ɵ ll morning 7:00, the double door and shuƩ ers 
are kept closed and only the venƟ lator is kept open (Table.7.9). Thus, 
with no solar radiaƟ on at night and with the open venƟ lator that al-
lows the internal heat to escape, the resultant temperature of the 

living area seems to drop when compared to case 01. During the day, 
as the solar radiaƟ on gradually decreases, so does the indoor tem-
perature and since Mumbai receives west winds majority of the Ɵ mes 
during the year, with 100% open window the living area experiences 
reduced temperature levels.

The observaƟ ons made from the graph indicates that, having a venƟ -
lator allows air exchange at night which in turn helps in dissipaƟ ng the 
indoor heat and thus, lowers the temperature of the living area even 
when the double door and shuƩ ered windows were kept shut. Thus, 
giving the user various opƟ ons of operability becomes an essenƟ al 
criterion for regulaƟ ng their indoor environment.
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Case 03: 
In addiƟ on to replacement of case 01 sliding window by the combina-
Ɵ on of double door + shuƩ ered window + venƟ lator type window of 
the chawl, the external wall of case 01 is replaced by the 600 mm thick 
masonry wall as used in the chawl. (Fig.7.13 – 7.14). (Typology 2). 

Double door in 
wood

Horizontal lou-
vers in wood

Fig.7.13. Case 03 – Plan Fig.7.14. Case 03 - SecƟ on

Double door in Wood
ShuƩ ered Window 
in Wood

ShuƩ ered Window in 
Wood

IN

OUT
600 mm thick ma-
sonry wall

600 mm thick 
masonry wall
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Table.7.11. Table of ConstrucƟ on considered for Case 03

IN

IN

OUT

IN

OUT

IN

OUT

OUT

2.2

3.6

2.6

1.0

1.7

1.0
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Graph 01: For summer – 10th (day 130) to 15th May (day 135) –Case 
01, Case 02 (100% open) and Case 03 

The aperture value considered is 1.0 (100% open) for door + window 
+ venƟ lator. The window schedules considered, are same as that of 
Case 02 (Table.7.9 - 7.10).

Fig.7.15. Case 03 – With 600 mm thick external masonry wall

oC W/m2

Solar radiaƟ on, external temperature, RT of case 01 with no mechan-
ical cooling, RT of case 02 – where the double door and shuƩ er win-
dows are kept fully open as per schedule (Table.7.9) with fully open 
venƟ lator all the Ɵ me (Table.7.10), RT of case 03 plus upper and lower 
limit of the comfort band were ploƩ ed (Fig.7.15).

Results: 

During the fi eldwork, it was noted that in the Ahmed Sailor chawl, 
only the external walls were 600 mm thick masonry walls. The same 
construcƟ on was applied in this case, wherein the external 230mm 
thick masonry wall was replaced by 600mm thick masonry wall, to 
understand its impact on the internal thermal condiƟ ons. Case 03 

graph indicates that replacing the construcƟ on of the external wall 
only, that is, increasing the thermal mass of the external wall only, has 
an insignifi cant impact on the indoor environment. Also, the increase 
in thermal mass means increase in the structural specifi caƟ on of the 
high rise building which in turn raises quesƟ ons on the durability and 
aff ordability of the structure.
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Case 04: 
In addiƟ on to replacement of exisƟ ng window by the window from the 
chawl and with the replacement of the external wall of the exisƟ ng 
case with 600 mm thick masonry wall as used in the chawl, the fl oor 
and ceiling of the apartment were also replaced by the ‘kadapa stone 
Ɵ les laid on teakwood secƟ ons’ as present in the chawl. (Fig.7.16). 
(Typology 2).     

Double door in 
wood

Horizontal lou-
vers in wood

600 mm thick 
masonry wall

Kadapa stone 
fl ooring laid on 
teak wood sec-
Ɵ ons

Fig.7.16. Case 04 - SecƟ on
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Table.7.12. Table of ConstrucƟ on considered 

for Case 04

IN

IN

OUT

IN

OUT

IN

OUT

OUT

2.1

3.5

2.5

1.0

0.3

0.3
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Graph 01: For summer – 10th (day 130) to 15th May (day 135) –Case 
01, Case 02 (100% open) Case 03 and Case 04

The aperture value considered is 1.0 (100% open) for door + window 
+ venƟ lator. The window schedules considered, were same as that of 
Case 02  (Table.7.9 - 7.10).

Fig.7.17. With ceiling and fl oor replaced by stone Ɵ les and teak wood secƟ ons.

oC W/m2

Solar radiaƟ on, external temperature, RT of case 01 with no mechan-
ical cooling, RT of case 02 – where the double door and shuƩ er win-
dows are kept fully open as per schedule (Table.7.9) with fully open 
venƟ lator all the Ɵ me (Table.7.10), RT of case 03 and case 04 plus the 
upper and lower limit of the comfort band were ploƩ ed (Fig.7.17).
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Results: 

As seen in Table.7.12., reinforced cement concrete with Ɵ ling struc-
ture of the fl oor and ceiling were replaced by teakwood frame struc-
ture with kadapa stone Ɵ les. Taking into consideraƟ on, the menƟ oned 
specifi caƟ ons, the graph (Fig.7.17) indicates that, replacing the win-
dow, the construcƟ on of the external wall only, that is, increasing the 
thermal mass of the external wall only, plus replacing the fl oor and 
ceiling construcƟ on method and materials, has an impact on the in-
door environment. The ploƩ ed RTs are not within the comfort band, 
but as compared to case 01, case 04 manages to achieve comparaƟ ve-
ly lower indoor temperature, especially aŌ er sunset and before sun-
rise. Although it cannot be denied that the temperature diff erence be-
tween case 01 and case 04 is of about 1.5oC, it is quite evident that the 
most signifi cant impact is achieved by replacing the window (Case02).
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Case 05: 
In this case, the exisƟ ng window of the apartment is replaced by the 
wada window which is altered to fi t into the dimensions of the ex-
isƟ ng window (Fig.7.18 – 7.20). (Typology 3). Thus, the Ɵ nted sliding 
window with aluminum frame and with mosquito net plus light cur-
tains is replaced with a series of opaque shuƩ ered windows in teak 
wood panels and teak wood frame. 

ShuƩ ered Win-
dow in teak wood

Fig.7.18. Case 05 – Plan Fig.7.19. Case 05 - SecƟ on

ShuƩ ered Window in 
teak wood

Teakwood frame

IN

OUT

ShuƩ ered Window 
in teak wood ShuƩ ered Win-

dow in teak wood
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Table.7.13. Table of ConstrucƟ on considered for Case 05Fig.7.20. Case 05 - ElevaƟ on

IN OUT

IN

OUT

IN

OUT

IN

OUT

2.1

2.5

1.8

1.7

1.0



250

Table.7.14. Window Schedule for Window ShuƩ er - Case 05

Graph 01:  For summer – 10th (day 130) to 15th May (day 135) – 100% 
open

The drawings and the table (Table.7.13) provides detailed specifi ca-
Ɵ on such as measurements of the building elements like window, 
wall, fl oor and ceiling plus material specifi caƟ ons for the given build-
ing elements along with their internal and external U-values. 

Since the shuƩ ered windows can be opened completely as opposed 
to the sliding windows, a 100% aperture area is considered for this

simulaƟ on. Window schedule (Table.7.14) was set as per the observed 
paƩ ern of use and from the occupant interview and was same as the 
exisƟ ng case.

Solar radiaƟ on, external temperature, RT of case 01 without mechan-
ical cooling, RT of case 05 – where the shuƩ ered windows are kept 
fully open as per schedule (Table.7.14), plus upper and lower limit of 
the comfort band was ploƩ ed (Fig.7.21).

Fig.7.21. Case 05 & Case 01 (ExisƟ ng) Comparison of Temperatures

oC W/m2

Hours

Window 
Status

0 = close  1 = open
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Results: 

The area of the window in Case 05 is approximately 5.0m2, same as the 
area of Case 01 window. The window of case 05 is a set of 8 wooden 
shuƩ ers that open 100%, allowing maximum natural light and venƟ la-
Ɵ on indoors. Thus, according to the case 05 graph (Fig.7.24), although 
not in the comfort band, a maximum of 1.2oC drop in the indoor re-
sultant temperature is observed in the living space during day Ɵ me, 
especially when the solar radiaƟ on is declining, between 15:00 and 
20:00, respecƟ vely. AddiƟ onally, slightly lower temperatures, about 
0.5oC lower, are also observed in the early morning hours. During the 
day, as the solar radiaƟ on gradually decreases, so does the indoor 
temperature, plus, Mumbai receives west winds the majority of the 
Ɵ me during the year. Thus, declining solar radiaƟ on, west winds and 
a window with 100% aperture, all together aids in aƩ aining lower in-
door resultant temperature post noon. 
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Case 06: 
In addiƟ on to the replacement of an exisƟ ng window by the wada 
window, the external wall of the exisƟ ng case is replaced by a 900 
mm thick wall in basalt stone as used in the wada. (Fig.7.22 – 7.23). 
(Typology 3). 

ShuƩ ered Win-
dow in teak 
wood`

ShuƩ ered Win-
dow in teak wood

Fig.7.22. Case 06 – Plan Fig.7.23. Case 06 - SecƟ on

ShuƩ ered Window in 
teak wood`

ShuƩ ered Window 
in teak wood`

ShuƩ ered Window in 
teak wood`

IN

OUT
900 mm thick ba-
salt stone wall

900 mm thick ba-
salt stone wall
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Table.7.15. Table of ConstrucƟ on considered for

 Case 06

IN

IN

OUT

IN

OUT

IN

OUT

OUT

2.1

2.5

1.8

1.7

1.0
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Graph 01: For summer – 10th (day 130) to 15th May (day 135) –Case 
01, Case 05 (100% open) and Case 06 

The drawings and the table (Table.7.15) provides a detailed specifi -
caƟ on such as measurements of the building elements like window, 
wall, fl oor and ceiling plus material specifi caƟ on for the given building 
elements along with their internal and external U-values. 

The aperture value considered is 1.0 (100% open) for all the shuƩ ers. 

Fig.7.24. Case 06 – With 900 mm thick external stone wall

oC W/m2

Whereas, the window schedules considered, are the same as that of 
Case 05 (Table.7.14).

Solar radiaƟ on, external temperature, RT of case 01 without mechan-
ical cooling, RT of case 05 – where all the shuƩ ers of the window are 
kept 100% open (Table7.14), RT of case 06 plus the upper and lower 
limit of the comfort band was ploƩ ed (Fig.7.24).
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Results: 

During the fi eldwork, it was observed that in Pangu wada, only the 
external walls were 900 mm thick stone walls. The same construcƟ on 
was applied in this case, wherein the external 230mm thick mason-
ry walls were replaced by 900mm thick stone wall, to understand its 
impact on the internal thermal condiƟ ons. The graph indicates that 
replacing the construcƟ on of the external wall only, that is, increasing 
the thermal mass of the external wall only, has an impact on the in-
door environment, especially during evenings and night Ɵ me. Howev-
er, since, the 900mm thick wall, along with the other walls, is plastered 
and also since the windows are kept shut during night Ɵ me (to keep 
the mosquitoes from entering the house) as per the exisƟ ng window 
schedule, the scope for nighƫ  me venƟ laƟ on is minimized to a great 
extent. Therefore, when compared with the resultant temperature of 
case 01, a maximum drop of only 1.5oC in the internal RT can be ob-
served. Also, the increase in thermal mass means an increase in the 
structural specifi caƟ on of the high rise building which in turn raises 
quesƟ ons on the durability as well as aff ordability of the structure. 

Case 07: 
In addiƟ on to the replacement of the exisƟ ng window by the wada 
window and the external wall of the exisƟ ng case by 900 mm thick 
wall in basalt stone, the fl oor and the ceiling of the apartment are also 
replaced by the one used in the wada (Fig.7.25). (Typology 3). 

ShuƩ ered Win-
dow in teak wood

Fig.7.25. Case 07 - SecƟ on

900 mm thick ba-
salt stone wall

Tiles laid on teak-
wood secƟ ons
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2 o

Window 35mm thick Teak wood 
frame
+

Internal U-value: 
1.94
External U-value: 
2.36

25mm teak wood 
window shutter

Internal U-value: 
2.26
External U-value: 
2.84

External Wall 25mm thick Plaster
+
900 mm thick Basalt 
stone Masonry
+
25 mm thick Plaster

Internal U-value: 
1.45
External U-value: 
1.66

Floor 12mm thick Tiles
+
50mm thick Screed
+
180 mm thick teakwood 
section
+
200 mm teakwood 
section

Internal U-value: 
0.30
External U-value: 
0.31

Ceiling 200 mm teakwood 
section
+
180 mm thick teakwood 
section
+
50mm thick Screed
+
12mm thick Tiles

Internal U-value: 
0.30
External U-value: 
0.318

Table.7.16. Table of ConstrucƟ on considered for Case 

07

IN

OUT

IN

OUT

IN

OUT

OUT

2.1

2.5

1.5

0.3

0.3

IN
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Graph 01: For summer – 10th (day 130) to 15th May (day 135) –Case 
01, Case 05 (100% open) Case 06 and Case 07

The drawings and the table (Table.7.16) provides detailed specifi ca-
Ɵ ons such as measurements of the building elements like window, 
wall, fl oor and ceiling plus material specifi caƟ on for the given building 
elements along with their internal and external U-values. 

The aperture value considered is 1.0 (100% open) for all the shuƩ ers.

Fig.7.26. Case 07 - Replacing fl oor & ceiling with teak wood secƟ ons

oC W/m2

The window schedules considered were same as that of Case 05 (Ta-
ble.7.14).

Solar radiaƟ on, external temperature, RT of case 01 without mechan-
ical cooling, RT of case 05 – where the shuƩ er windows are kept fully 
open as per window schedule, RT of case 06 and case 07 plus upper 
and lower limit of the comfort band were ploƩ ed (Fig.7.26).
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Results: 

The graph indicates that replacing the window, the construcƟ on of the 
external wall only, that is, increasing the thermal mass of the exter-
nal wall only, plus replacing the fl oor and ceiling construcƟ on method 
along with the materials, has an impact on the indoor environment. 
Although none of the simulated temperatures are within the comfort 
band, as compared to case 01, case 07 manages to achieve lower in-
door resultant temperature, especially aŌ er sunset and before sunrise. 
It can be observed that during night Ɵ me, the drop in the resultant 
temperature from case 05 is about 0.2oC to 0.3oC. Whereas, the tem-
perature diff erence between case 01 and case 06 and 07 is of about 
1.5oC to 1.6oC. Also, the diff erence in the temperature when the solar 
radiaƟ on is the maximum, between case 01 and the rest of the cases 
(05,06,07) is also about 1.6oC. This shows that although windows play 
a signifi cant role in providing thermal comfort, other architectural el-
ements such as walls, fl oors, ceiling when desinged eff ecƟ vely, also 
help in further reducing the higher indoor temperature levels. Hence, 
it is necessary to explore the signifi cance of eff ecƟ ve design interven-
Ɵ ons in creaƟ ng comfortable indoor environments. 



259

Discussion:

The main purpose of performing computaƟ onal analysis was to invesƟ -
gate the role of windows in parƟ cular, as well as, of the other architec-
tural elements such as fl oors, ceiling, and walls, on the indoor environ-
ment. To asses these two parameters, seven cases were formulated. 

The monitored RT, as well as case 01 readings, showed higher indoor 
temperature even when the occupancy gains, equipment and light-
ing gains were minimum. This was due to the west orientaƟ on of the 
room, which received high solar radiaƟ on in the living area. Case 02 
and 05 saw the replacement of the single glazed sliding window with 
the chawl window and the wada window. In both cases, a drop in the 
RT of at least 1oC was observed. Further alteraƟ ons like changing only 
the external wall construcƟ on from 230mm brick to 600mm masonry 
wall (case 03) and 900mm (case 06) thick stone wall saw a minute 
drop in temperature. Lastly, when the fl ooring and ceiling were re-
placed with teakwood secƟ ons (case 07) and kadapa stone fl ooring 
(case 04), there was an insignifi cant change in the resultant tempera-
tures as compared to their respecƟ ve previous cases. The maximum 
diff erence in the resultant temperature noted between case 01 (with-
out mechanical cooling) and case 04 was of 1.3oC

The main observaƟ ons made from the seven cases are:

1. Case 02 indicated that only by replacing the window in the 
same area as the exisƟ ng window, showed a prominent drop in tem-
perature. The combinaƟ on of diff erent types of windows, double 
door + shuƩ ered window + venƟ lator, off ered the occupants various 
permutaƟ ons and combinaƟ ons that they had the freedom to apply 
to regulate their indoor comfort condiƟ ons. For example, the venƟ la-
tor allowed conƟ nuous venƟ laƟ on and restricted solar radiaƟ on, the

shuƩ ered windows and doors could be opened completely, parƟ ally 
or could be kept completely shut as per the user requirement. Being 
opaque, the shuƩ ers and the doors restricted direct solar radiaƟ on 
from entering the room, but at the same Ɵ me also restricted natural 
venƟ laƟ on and light into the living space. Therefore, these advantages 
and limitaƟ ons give a further scope of improvement in the design of 
the window, where it becomes essenƟ al that the window has a pro-
vision to address all the environmental factors necessary to achieve 
overall comfort. 

2. The most important point is that the window is the only ar-
chitectural element that allows the user to regulate the indoor en-
vironment anyƟ me, irrespecƟ ve of the changing seasons, changing 
occupancy throughout the year as per the user requirement. Other 
elements such as fl oor, ceiling or walls do not give a choice to the user. 
Once the fl oor or the wall is constructed, the user does not have an 
opƟ on to change the thermal properƟ es of the same anyƟ me during 
the day, month or year. The materials can only be changed through 
refurbishment which becomes a tedious and expensive process. 

3. Although the above point is reasonable, it also cannot be de-
nied that to achieve maximum comfort, it is important to have a design 
intervenƟ on that is logical and aff ordable, which uses the properƟ es 
of each element eff ecƟ vely to aƩ ain maximum comfort. For instance, 
in cases 03, 04, 06 and 07, wall sizes were increased, the material of 
the wall was replaced with stone (case 06) and the fl oor and ceiling 
were replaced by thick wooden secƟ ons. These subsƟ tuƟ ons helped 
in reducing the temperature but in high-density ciƟ es like Mumbai, it 
is not possible to lose space by providing thick walls nor is it possible 
to provide wooden secƟ ons that would cost a fortune and would also
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be high on maintenance. Thus, a more feasible opƟ on would be to 
have an adapƟ ve window that allows night-Ɵ me venƟ laƟ on along with 
exposed high thermal capacity surfaces that tend to release absorbed 
heat at night Ɵ me, thus, making the space comparaƟ vely cooler. So, if 
windows are designed keeping in mind all the aƩ ributes such as size, 
orientaƟ on and so on, along with a sensible strategy for other ele-
ments, they can help to a great extent in minimizing the use of me-
chanical cooling systems and contribute to reducing the total energy 
consumpƟ on. 

Concerning the previous point, a simulaƟ on is performed in TAS to un-
derstand the impact of night-Ɵ me venƟ laƟ on through eff ecƟ ve open-
ings and thermal mass together. From the seven cases that demon-
strated the infl uence of windows on the indoor environment, it was 
observed that the door + window + venƟ lator combinaƟ on worked 
the best and provides maximum adapƟ ve opportuniƟ es to the user.

Fig.7.27. Case 08 - Plan

Double door in Wood ShuƩ ered Window in 
Wood

Exposed R.C.C Floor

200 mm thick Exposed 
R.C.C internal wall

Horizontal wood-
en louvers

Fig.7.28.  Case 08 - SecƟ on

300 mm thick 
R.C.C wall

300 mm Exposed 
R.C.C Floor

Double door in 
wood

300 mm Ex-
posed R.C.C 
Ceiling
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Table.7.17. Case 08 - Table of ConstrucƟ on - Case 08 Fig.7.29. Case 08 - ElevaƟ on

IN OUT

IN

OUT

ININ

OUT

Hence, the combinaƟ on window was chosen for this simulaƟ on along 
with high density exposed concrete for walls, fl oor and ceiling (Fig.7.27 
- 7.29).

2.1

3.5

2.5

2.1

2.1
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Table.7.19. Window Schedule for VenƟ lator

Table.7.18. Window Schedule for Double Door and ShuƩ ered Window

Graph 01:  For summer – 10th (day 130) to 15th May (day 135) – 100% 
open

The drawings and the table (Table.7.17) provides detailed specifi ca-
Ɵ on such as measurements of the building elements like window, 
wall, fl oor and ceiling plus material specifi caƟ on for the given building 
elements along with their internal and external U-values. 

The double door and shuƩ ered windows can be opened completely. 
Hence, an aperture area of 100% is considered for the double door, 

shuƩ ered window as well as the venƟ lator. 

The venƟ lator above the double door (Table.7.19) is kept open through-
out the night. However, the double door and the shuƩ ered windows 
(Table.7.18) are kept completely shut from 11:00 Ɵ ll 16:00, the Ɵ me 
when the living space receives maximum direct solar radiaƟ on.

Solar radiaƟ on, external temperature, RT of the exisƟ ng case (case 01) 
without mechanical cooling, the RT obtained from this simulaƟ on plus 
upper and lower limit of the comfort band were ploƩ ed (Fig.7.30).

Hours

Window 
Status

Hours

Window 
Status

0 = close  1 = open

0 = close  1 = open
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Fig.7.30. Comparison of Case 01 simulated RT & Case 08 RT 

oC W/m2

1

2
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Results: 

The combinaƟ on window of double door + shuƩ ered window + ven-
Ɵ lator was chosen for this simulaƟ on, since it provided several oper-
aƟ ve opƟ ons to the inhabitants and also, according to the prior cas-
es, was the best performing window. A high density exposed R.C.C 
framework was chosen for walls, fl oor as well as the ceiling, since this 
material is durable, maintenance-free, absorbs heat and also releases 
heat at night Ɵ me, plus it was only 300 mm thick as compared to 600 
or 900 mm thick framework, to be thermally effi  cient. 

The aperture values assumed for case 08 are opposite to the aperture 
values considered for all the seven cases before this. Where the dou-
ble door and shuƩ ered windows were kept open during the day and 
completely shut during the night in previous cases, the same were 
kept open throughout the night and were kept shut when the living 
space received maximum direct solar radiaƟ on, from 11:00 Ɵ ll 16:00. 

It is evident from the graph, that leaving the shuƩ ered windows, dou-
ble door and the venƟ lator completely open at night Ɵ me allows the 
extracƟ on of the released absorbed heat from the walls into the ex-
ternal environment, thus, signifi cantly reducing the indoor resultant 
temperature. An eff ecƟ ve night Ɵ me venƟ laƟ on strategy recorded a 
maximum 3.1oC drop in temperature (1). During the dayƟ me as well, 
when the solar radiaƟ on is at the peak, the simulated temperature is 
about 2.4oC to 2.7oC lower than case 01 (2). 

The window design, the aperture values and their schedules, plus the 
materials chosen for fl oor, ceiling and walls, together contribute in 
geƫ  ng the internal temperature in the acceptable limits of comfort. 
The resultant temperature of the living space enters the comfort band 
from 20:00 Ɵ ll 11:00. Whereas, during the rest of the day, although

not totally in the comfort band, the temperatures are quite low as 
compared to case 01 (FIg.7.30).

The signifi cant drop in the day-Ɵ me temperature, when the maximum 
solar radiaƟ on is received, was mainly because the opaque shuƩ ered 
windows and doors were completely shut with only the top venƟ lator 
available for air exchange. However, completely shuƫ  ng the windows   
and doors would mean blocking the natural light and also the venƟ la-
Ɵ on of the living space. Further, an important issue that was highlight-
ed by the occupants during the survey, was of mosquitoes especially 
aŌ er sunset (See chapter 06, p 221). One of the main reasons the win-
dows were closed aŌ er sunset  was to keep the mosquitoes from en-
tering the house. Hence, keeping the doors and windows open during 
night-Ɵ me, does not seem pracƟ cal. 

Thus, there are advantages as well as limitaƟ ons in the design inter-
venƟ ons considered for this case. Nonetheless, this analysis aimed in 
determining the potenƟ al of windows along with the other architec-
tural elements in achieving a comfortable indoor environment, which 
the graph jusƟ fi es. It is believed that there is a further possibility of 
improvement and overcome the limitaƟ ons cited above, for example 
through the installaƟ on of solar shades to minimize solar gains and at 
the same Ɵ me allow required air exchange and daylight to enter the 
living space.
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Case 08 with External Shading

Along with various advantages, a window has many disadvantages as 
well (See Chapter 06, p 218) such as, it permits noise, dust, solar radi-
aƟ on, glare into the occupied space. However, these concerns are re-
solvable through the applicaƟ on of various design features along with 
smart technology on the inside or the outer side of an opening. One 
such design feature is solar shading, which has the potenƟ al to not 
only restrict the heat gains but also to provide privacy, glare reducƟ on, 
parƟ ally obstrucƟ ng noise and dust plus minimising excess daylight if 
designed eff ecƟ vely. Hence, the role and potenƟ al of a well-designed 
solar shading cannot be neglected.

The results from Case 08 strongly support the methodology of the 
applicaƟ on of effi  cient intervenƟ on in the form of window design and 
choice of material along with eff ecƟ ve night-Ɵ me venƟ laƟ on (See p: 
259-561). This combined strategy could achieve the lowest resultant 
temperature in the living room out of all the eight cases. However, 
during the peak solar radiaƟ on hours, from 11:00 to 16:00, the tem-
perature in the living area was sƟ ll higher. Hence, in addiƟ on to the 
above strategies, it becomes necessary to understand the importance 
and eff ect of solar shading which has been a tradiƟ onal means to ob-
struct higher solar radiaƟ on entering a habitable space. 

Solar shading or brise-soleil, which means sun-breaker in French, are 
provided on the external face of the building to block the sun. Simi-
lar to jaali or the laƫ  ce screens used in jharokhas and mashrabiyas’ 
(See chapter 03), solar shading acts as an outer covering that con-
ceals the actual funcƟ ons of the building and blends with the urban 

streetscape.

Hence, the applicaƟ on of external solar shading was considered and 
applied to case 08, since it had the potenƟ al to reduce the solar gains 
and shade the glazing area (DeKay and Brown, 2014). Keeping the mate-
rials and window confi guraƟ on same as case 08 verƟ cal fi ns were add-
ed on the external face of the apartment where the balcony ends (Fig 
7.31 - 7.33.). The raƟ onale behind the use of verƟ cal fi ns is as follows:

1. The exisƟ ng apartment already had a horizontal projecƟ on of 1.2 
m. Since the regulaƟ ons do not allow further projecƟ on, horizontal 
shading could not be applied.

2.  Instead of placing the fi ns immediately on the door + window + 
venƟ lator combo, they were placed on the outer face of the balcony, 
that led to the formaƟ on of transiƟ on space, similar to jharokhas (See 
Chapter 03, p 57). Internal shading such as blinds or curtains manage 
to block the glare but at the same Ɵ me also block natural venƟ laƟ on 
and do not contribute to reducing the cooling loads (Prowler, 2016). 
Hence, external shade is a beƩ er opƟ on since it allows natural venƟ -
laƟ on, reduces glare, allows suffi  cient daylight to enter the living area 
and also keeps the solar radiaƟ on from entering the habitable space.

3. Moveable verƟ cal fi ns were chosen over horizontal fi ns since 
verƟ cal fi ns work best on the east and west façade (Wroblaski, 2011). 
The Society of Building Science and Educator (SBSE) and Comfortable 
Low Energy Architecture (CLEAR), also suggests the applicaƟ on of ver-
Ɵ cal fi ns in the west and east façade since the sun angle is compar-
aƟ vely low and the sun hits the façade directly. As the sun’s alƟ tude 
keeps changing throughout the day, making the fi ns rotate ensures 
opƟ mal shading.
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Fig.7.33. Case 08 with external shading - ElevaƟ on

Fig.7.31. Case 08 with external shading - Plan

Double door in Wood ShuƩ ered Window in 
Wood

Exposed R.C.C Floor

200 mm thick Exposed 
R.C.C internal wall

Moveable verƟ cal 
fi ns

Fig.7.32. Moveable verƟ cal fi ns

• Helps in Solar gain reducƟ on

• Reduces glare

• Allows natural venƟ laƟ on

• Provides privacy

• Allows daylight into occupied 
spaces
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Table.7.21. Window Schedule for VenƟ lator, ShuƩ ered windows and VerƟ cal Fins

Table.7.20. Window Schedule for Double Door

Graph 01:  For summer – 10th (day 130) to 15th May (day 135) 

The measurements of the building elements, their material specifi ca-
Ɵ on plus their internal and external U-values are the same as assumed 
in case 08 (Table 7.17). 

The venƟ lator above the double door, the shuƩ ered windows and the 
double door are kept open (Table.7.20, 7.21) throughout the night. 
For this simulaƟ on, the verƟ cal fi ns are placed at an angle of 60 de-
grees throughout day and night (Table 7.21).

However, the double door is kept completely shut from 11:00 Ɵ ll 
16:00, the Ɵ me when the living space receives maximum direct solar 
radiaƟ on. During this Ɵ me the shuƩ ered windows are kept half open.

Solar radiaƟ on, external temperature, RT of the exisƟ ng case (case 01) 
without mechanical cooling, the RT obtained from case 08, RT aŌ er 
the addiƟ on of external shading to case 08 plus an upper and lower 
limit of the comfort band were ploƩ ed (Fig.7.34).

Hours

Window 
Status

Hours

Window 
Status

0 = close  1 = open

0 = close  1 = open
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Fig.7.34. Comparison of Case 01 RT & RT of case 08 with external shading

oC W/m2
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Results: 

The outcome from this case suggests the signifi cance of the applicaƟ on 
of environmental controls such as solar shading since they are capable 
of reducing the need for mechanical cooling and maintain the indoor 
thermal comfort. The graph (Fig 7.34) shows a drop of up to 0.8oC in 
the resultant temperature as compared to the resultant temperature 
obtained in case 08 without the applicaƟ on of external shading. The 
diff erence between the resultant temperature of case 01 (without 
mechanical cooling) and the resultant temperature of case 08 with ex-
ternal shading is 3.5oC. The resultant temperature is almost within the 
comfort band when the living room receives maximum solar radiaƟ on 
during a peak summer day. Therefore, effi  cient window design along 
with suitable material and eff ecƟ ve shading technique should be ap-
plied together to limit the heat gain from radiaƟ on, achieve maximum 
thermal and visual comfort and achieve maximum energy effi  ciency. 

As a result, it can be concluded that providing an operaƟ ve window 
that allows the occupant to adapt to their changing indoor environ-
ment due to factors such as lighƟ ng, occupancy, equipment gains or 
solar gains is extremely important along with an effi  cient applicaƟ on 
of other architectural elements such as walls, fl oor and ceiling, to 
achieve maximum comfort. Furthermore, operable shading systems 
that allow the occupant to adjust them according to their needs, that 
reduces solar heat gain, glare, noise and dust plus provides privacy, 
the view outside and natural venƟ laƟ on must also be considered. 

The simulaƟ ons performed in this secƟ on strongly suggest that the 
windows do play the most signifi cant role in achieving thermal com-
fort and creates a social and cultural context. However, they are more 
effi  cient and eff ecƟ ve when they are a part of a logical design inter-
venƟ on that also takes into consideraƟ on window design, building 
materials, building form and orientaƟ on, building techniques, climaƟ c 
condiƟ ons, surrounding context and applicaƟ on of appropriate envi-
ronmental controls.  
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There is always a scope for improvement in the internal condiƟ ons through logical design intervenƟ ons to achieve the desired  
comfort.
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AP

TE
R CONCLUSION

The comprehensive purpose to engage in this research was the urgen-
cy of addressing the problem of rising energy demand, the extensive 
use of mechanical cooling, especially in the Indian households, loss of 
adapƟ ve character of windows in modern Indian architecture and the 
projecƟ on of the future climaƟ c trends. Furthermore, according to the 
esƟ maƟ ons made concerning populaƟ on growth (See Chapter 01, p 
3) would result in sharp growth of reliance on the mechanical systems 
for heaƟ ng, cooling, and lighƟ ng. Hence, this research aimed at read-
dresssing alternaƟ ve soluƟ ons, to reduce the dependence on arƟ fi cial 
systems. Therefore, this research emphasized on the importance of 
occupant use of adapƟ ve tools such as ‘windows’ to achieve comfort 
in Indian households. Also, the reason this study focused on ‘windows’ 
as an appropriate alternaƟ ve soluƟ on is because apart from providing 
thermal comfort windows are also responsible for social and visual 
linkage. They are capable of creaƟ ng a social bond between people 
as well as the environment.  They form an important relaƟ onship be-
tween the outside community and the life inside the buildings. Hence, 
there was a need to explore the environment through which this as-
sociaƟ on takes place.

As a result, the research quesƟ ons set at the beginning of this study 
were as follows:

1.    To decide through this research, how windows are capable of cre-
aƟ ng thermal comfort in present Ɵ mes.

2.    With the growing use of mechanical systems as the most conve-
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elaboraƟ on of these factors also pointed out that, although windows 
are essenƟ al, they are also capable of creaƟ ng issues for the occu-
pants, such as glare, too much noise, dust, lack of privacy and so on. 
However, through appropriate design intervenƟ ons that require add-
ing layers to the exisƟ ng window design such as the addiƟ on of inter-
nal or external shades, adding Ɵ nted glass, the addiƟ on of metal or 
wooden laƫ  ces and so on, the said issues could be resolved. 

The discussion on each of the factors allowed to conclude that win-
dows played an extremely important role in adjusƟ ng the indoor en-
vironment to meet the comfort levels of the occupants. AddiƟ onally, 
it also plays a signifi cant role in the social, cultural, physiological and 
psychological well-being of humans. 

Although the history of windows signifi es the prominence of windows 
from the beginning of their existence in the built form unƟ l today. 
The climaƟ c condiƟ on worldwide has been changing constantly. 

But windows have not necessarily advanced due to the changing cli-
maƟ c condiƟ ons, however eff orts were always made, primarily, to 
modify windows to regulate indoor climaƟ c condiƟ ons as per the oc-
cupant requirement. Thus, the conƟ nuous evoluƟ on in the form of ma-
terials, building techniques and style of window shows how humans 
have modifi ed openings in a bid to achieve a beƩ er performing win-
dow (for example the constant upgradaƟ on in the type of glass – sin-
gle, double, triple glazed, Ɵ nted, low-E, argon-fi lled and so on) over 
the period of Ɵ me.

nient means to aƩ ain comfort, are windows sƟ ll needed? And do they 
work eff ecƟ vely enough? 

3.    What is the importance of having ‘adapƟ ve windows’? 

4.    Is it essenƟ al for windows to provide the user with various per-
mutaƟ ons and combinaƟ ons to create an environment as per their 
comfort? 

5.  Through this research is there a scope to create an aware-
ness of the importance of window design while designing spaces? 

The above objecƟ ves were met through literature review, fi eldwork, 
and calibraƟ ons which were segregated under diff erent headings. The 
refl ecƟ ons from each chapter and how it contributed to answering 
the above quesƟ ons are discussed below.

The meaning of window

The literature in this secƟ on defi ned windows, architecturally as well 
as technically. The history of the window pointed out the importance 
of ‘openings’ in architecture. Although they have evolved and are sƟ ll 
evolving, the basic need for having a window, which is to provide ven-
Ɵ laƟ on, light and a view, has not quite changed. The most interesƟ ng 
part of this chapter is how windows have transformed over the period 
of Ɵ me and factors such as materials (glass, paper), locaƟ on (diff erent 
parts of the world), the funcƟ ons that windows must fulfi l (privacy, 
diff used light), were all responsible for a range of diverse window de-
sign all over the world. 

Apart from history, the second half of the chapter discussed the en-
vironmental funcƟ ons of windows such as thermal comfort, solar 
shading, heat gains and losses, venƟ laƟ on and view. Furthermore, 
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pracƟ ce of an adapƟ ve approach that is an amalgamaƟ on of the 
thermal and visual relaƟ onship between the building and the oc-
cupants and at the same Ɵ me determines the aff ordability and 
quality of comfort provided by them while being energy effi  cient. 

Hence, ‘comfort’ does not mean achieving temperatures in the com-
fort band anymore, but it should be about off ering the inhabitants the 
means to achieve the desired comfort that they seek, which makes it 
a dynamic process.

Therefore, one of the important parts of this secƟ on is the research 
studies on the use of controls performed by experts such as Fergus 
Nicole, Richard de Dear and others. These studies were based on the 
role of adapƟ ve controls available to the occupants and led to the con-
clusion that suggested comfort, and the process of achieving comfort 
is a result of infl uence of various factors such as window opening be-
haviour, the paƩ ern of use of mechanical systems, solar shading and 
also factors such as air and noise quality, level of illuminance, solar 
radiaƟ on, fl oor area, age, gender and so on. Hence, achieving comfort 
cannot be monotonous and that is why the comfort regulaƟ ng architec-
tural element – the window has to be adapƟ ve and it must provide the 
user with several permutaƟ ons and combinaƟ ons to aƩ ain comfort.  

IntroducƟ on of Case Studies

The aim of taking up three completely diverse housing typologies be-
longing to diff erent eras, was mainly to idenƟ fy their window systems 
and how the windows have evolved over a period of Ɵ me. To explore  
how they performed in the current climaƟ c condiƟ ons and the present

Examples of Windows

Four diff erent types of windows, two vernacular and two modern, 
were illustrated in this secƟ on. Each window belonging to diff erent 
regions had a signifi cant relaƟ onship with the place and the period 
they belonged to. Although the windows diff ered in terms of design, 
materials and construcƟ on techniques, one could draw similariƟ es 
too. For example, the use of laƫ  ce screens in Moulmein rise building 
in Singapore could be correlated with the use of jaali screens in India.

Looking at the purpose these windows served, they provided control 
to the users to meet their requirements of environmental, social and 
cultural comforts. Hence, it becomes clear that windows cannot be 
of the same size, design, material everywhere. They must be versa-
Ɵ le. They must modify according to the locaƟ on and orientaƟ on of 
the building, weather condiƟ ons, aff ordability, user requirement, the 
social and cultural importance of the place and people. Therefore, the 
refl ecƟ on from this chapter strongly confi rms the need to understand 
the potenƟ al of a good window design that allows the users to take 
full advantage of the window and its elements to aƩ ain comfort. 

Indoor Environmental Comfort

This part of the study reminds us of the potenƟ al of a thermal en-
vironment for cultural roles, symbolism, and sensuality that is being 
neglected and replaced by a thermally neutral world. It expresses our 
fascinaƟ on with the ability to control our indoor environment irre-
specƟ ve of the outdoor climaƟ c condiƟ ons and thus, it presses on the 
need to reconsider and redefi ne the concept of ‘comfort’. 

So, in present Ɵ mes rephrasing comfort means emphasizing on the
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This case study portrayed windows as a strong architectural element 
and also projected the importance of other factors such as the form of 
the building, use of materials, construcƟ on methodology,  space de-
sign and so on. 

3.    The hot and dry window: Unlike the chawl window, the windows 
from the wada were simple shuƩ ered windows. However, it was ob-
served that the type of the window and their sizes changed with the 
orientaƟ on of the building. For instance, all the windows on the exter-
nal side were fl oor-length windows. Whereas, the windows looking 
into the courtyard were much smaller. There were also fi xed circular 
windows that allowed only natural light to penetrate the living spaces. 
This typology emphasized on the importance of the placement of win-
dows. It showed that windows should modify as per the orientaƟ on 
and cannot be the same on all sides of the building. Hence, factors 
such as sun path, the form of the building, the immediate context, the 
funcƟ on of the indoor spaces are some of the factors that should be 
taken into consideraƟ on while designing a window.

Fieldwork

In conƟ nuaƟ on to ‘the introducƟ on of case studies’, this secƟ on on 
‘fi eldwork’ specifi cally focused on the monitored environmental per-
formance of the three typologies.

1.    The Apartment – The contemporary window (Fig.8.1): The read-
ings from the monitored data showed high reliance on mechanical 
systems in spite of the modifi caƟ ons made to the exisƟ ng window. 
The added layers to the new full-height window had very less impact 
on the indoor environment, moreover, it allowed more solar radiaƟ on 

urban seƫ  ngs and how aff ordable they were. With the three housing 
typologies, three window types were idenƟ fi ed. 

1.    The contemporary window: An observaƟ on made during the 
fi eldwork indicated monotony in the current window design trend. 
The use of glass and aluminium frame sliding windows were widely 
used in modern building design, irrespecƟ ve of the orientaƟ on of the 
building, without considering the weather condiƟ ons or the needs of 
the occupants. The ongoing trend was also to give provisions to the 
occupants for installing air condiƟ oning units, on which the occupants 
relied heavily. One of the main observaƟ ons made was the alteraƟ ons 
made to the exisƟ ng window by the occupants on diff erent fl oors of 
the studied tower to cater to their requirements. This pointed out the 
dissaƟ sfacƟ on amongst the users with respect to the typical windows 
provided by the developer and at the same Ɵ me their will to have 
a beƩ er fenestraƟ on design. Thus, it becomes important to design 
and consider adapƟ ve window strategies that provide the user with 
opƟ ons to regulate their indoor atmosphere that also caters to their 
socio-cultural rouƟ nes. 

 
2.    The hot and humid window: The chawl window had its own iden-
Ɵ ty, were three simple window designs were combined to create a 
fantasƟ c window system that not only provided comfort to users but 
also contributed largely to their daily social and cultural acƟ viƟ es. The 
courtyard and the introvert plan of the chawl further added to the 
user saƟ sfacƟ on of a comfortable indoor environment as well as in 
providing a strong connecƟ on with the inhabitants of the chawl along 
with a sense of safety. Although common issues of privacy and rodents 
also prevailed here, the use of mechanical systems was very liƩ le. 



to enter the living spaces which further made the indoor condiƟ on 
more uncomfortable with higher indoor temperature as well as too 
much natural light. Thus, it is important to understand that various 
factors must be taken into consideraƟ on while designing a window, 
to create an effi  cient window system that can adapt to the changing 
needs of the user, changing the outdoor climate and changing internal 
gains.
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2. The Chawl -  The hot-humid window (Fig.8.2): The data collect-
ed for this typology pointed out the importance of cross venƟ laƟ on. 
It also emphasized on the signifi cance of the surrounding context, the 
form of the built structure and more importantly the signifi cance of a 
window system that allows the occupants to not only control their in-
door environment but also control their privacy and social interacƟ on 
with the neighbours. Therefore, the central courtyard and a fantasƟ c

Fig.8.1. Apartment - Contemporary  Window Fig.8.2. Chawl - Hot - humid Window Fig.8.3. Wada - Hot - dry Window
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window + door + venƟ lator combinaƟ on that ensured cross-venƟ la-

Ɵ on created a comparaƟ vely comfortable livable space for the occu-
pants without any need for any mechanical cooling systems. 

3. The Wada – The hot-dry window (Fig.8.3): Even though wada 
had similar aƩ ributes to that of the chawl, especially in terms of the 

form of the building which comprised of a central courtyard, the mon-
itored data showed that the typology did not perform as expected. In 

spite of having a central courtyard and numerous windows, the con-
gested surrounding environment and not using the available windows 

to its full potenƟ al led to the unsaƟ sfactory indoor condiƟ ons. The 
spaces lacked cross-venƟ laƟ on because in spite of having windows 

they were always kept shut. Thus,  this only shows that, although oth-
er architectural elements are important, the eff ecƟ ve use of the win-

dows plays a signifi cant role in providing thermal and visual comfort. 

The second half of this secƟ on addressed the fi ndings from the BUS 
survey and quesƟ onnaire designed specifi cally to understand the 

role of windows in Indian households. The surveys not only high-
lighted the advantages of the windows but also pointed out the 

problems that the inhabitants usually face due to them. Although 
most of the problems are resolved by adding layers to the exisƟ ng 

window, such as curtains, mosquito nets, metal grills, bird nets and 
so on, the most widely applied soluƟ on was the use of air condiƟ on-

ing. Therefore, the conclusions from this secƟ on draws aƩ enƟ on 
to the least applied method of soluƟ on, which is through design. 

ImplementaƟ on of careful design strategies on an urban scale such as 

noise barriers and thoughƞ ul tree plantaƟ on can help in reducing the 
noise and dust. Similarly, design intervenƟ ons on building level such as 

creaƟ ng the form and placement of the building by taking into consid-
eraƟ on the sun-path could reduce the solar gains. Furthermore, imple-
mentaƟ on of careful design details of diff erent architectural elements 
such as their size and specifi caƟ on. And most importantly, logical de-
sign of the openings along with all the other architectural features, 
since they can be adapƟ ve modules which can resolve majority of the 
issues faced by the occupants such as aƩ ainment of thermal and visu-
al comfort, privacy, noise, dust, insects and so on. 
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Performance Analysis

The last secƟ on of this research consisted of computaƟ onal simula-
Ɵ ons that were carried out based on the data collected during the 
fi eldwork. A total of eight cases were formulated which were simulated 

in TAS soŌ ware. The main observaƟ ons made from the cases are:

1.    Having an adapƟ ve window improved the quality of the indoor 
environment and off ered the occupants various permutaƟ ons and 
combinaƟ ons which they had the freedom to apply to regulate their 
indoor comfort condiƟ ons.

2. While designing an adapƟ ve window it is very important to 
keep in mind – the immediate context, the form and orientaƟ on of 
the building, locaƟ on of the window, size of the room and most impor-
tantly, the environmental, social and cultural requirements expected 
from the adapƟ ve window module plus its aff ordability and durability. 

3. The simulaƟ ons allowed to conclude that windows are the 
only architectural element that allows the occupants to control their 
indoor environment at any Ɵ me. It was observed that the resultant 
temperature dropped by about 1.2oC to 1.5oC just by replacing the 
window (See Chapter 07). Although other architectural elements such 
as walls, fl oors and ceiling also provided thermal comfort, they cannot 
be adapƟ ve, unlike windows, and adapt according to the change in  sea-
sons, change in internal gains or change as per the user requirements. 

4. However, it also cannot be denied that adapƟ ve windows are 
most effi  cient when they are part of a holisƟ c design intervenƟ on that 
uses the properƟ es of each architectural element eff ecƟ vely in aƩ ain-
ing maximum comfort. The design approach considered for case 08 in 
chapter 07 consisted of a combinaƟ on of windows, eff ecƟ ve choice

of materials, consideraƟ on of logical window opening schedules and 
effi  cient external shading design. The applicaƟ on of these parameters 
could achieve 3.5oC lower resultant temperature in the living room 
as compared to the exisƟ ng case. The simulaƟ ons exhibited that if an 
all-rounded approach is pracƟ sed it can help in minimising the use of 
mechanical systems for cooling which in turn would contribute in re-
ducing the annual energy consumpƟ on for every household.
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Further Work:

The fi ndings from the extensive fi eldwork of the three diff erent typol-
ogies and the computaƟ onal simulaƟ ons opened a wide window of in-
vesƟ gaƟ on of diff erent window systems in India. The research strongly 
highlighted that the informaƟ on regarding diff erent types and proper-
Ɵ es of windows, especially vernacular windows is extremely limited. 
Due to the huge gap in the data available to the users, designers, stu-
dents and developers, least eff orts are being made in the area of win-
dow design and further less in the area of adapƟ ve window design. 
Therefore, the next step is to bridge this gap. The aim now is to create 
a database of openings such as windows, doors and roof lights both 
vernacular and contemporary, irrespecƟ ve of the style of architecture 
and the period they were built in. The objecƟ ve is to study these win-
dows, understand the construcƟ on techniques, materials and the role 
of the design of the window in regulaƟ ng the indoor environment and 
the adapƟ ve opportuniƟ es they provide. This database would then be 
published digitally, through a blog or in the form of a book or both. 
The ambiƟ on of compiling openings is predominantly to provide the 
inhabitants, students, designers, developers, and the research com-
munity, an insight into what a well-designed window is capable of 
achieving, in terms of indoor quality of light, venƟ laƟ on and thermal 
comfort, in terms of internal as well as external aestheƟ cs. Further-
more, it will also try to highlight the concept, history and theory be-
hind the making/designing of windows. The purpose of this compila-
Ɵ on would be to provide the users with various opƟ ons that can be 
adapted according to their environmental, social and cultural needs.

On the other hand, the applicaƟ on of such extensive fi eldwork could 
be used in designing an advanced prototype of an aff ordable adapƟ ve 
window which could  be tested computaƟ onally as well as by building 
a 1:1 model that can be tested in an arƟ fi cial environment created 
in an environmental laboratory or an actual environment. To achieve 
these objecƟ ves, the involvement of window manufacturing compa-
nies such as Fenesta, or collaboraƟ on with designers and manufactur-
ers such as Monodraught, who are specialist in natural cooling, venƟ -
laƟ on and lighƟ ng, can also be considered. This part of the applicaƟ on 
of the fi eldwork study certainly has the potenƟ al to form the second 
phase of this research or a new research subject.

Furthermore, to bring the concept of adapƟ ve windows into pracƟ ce, 
a combined eff ort from the users, designers, developers, and manu-
facturers would play a vital role that could be achieved through the 
propagaƟ on of the concept of adapƟ ve strategies. Organising work-
shops, the formaƟ on of technical guidelines for designers and CPD 
workshops and training sessions, conferences that provide the essen-
Ɵ al informaƟ on on adapƟ ng adapƟ ve passive strategies, websites that 
provide informaƟ on on design, execuƟ on and aff ordability of these 
window systems are some of the ways in which steps can be taken 
towards creaƟ ng habitable spaces in natural seƫ  ngs and minimize the 
use of mechanical systems. 

Thus, overall, this research would provide the scienƟ fi c community, 
design students, designers and consumers with opƟ ons which they 
could combine to create openings and break free from the current 
stereotypes, with an ulƟ mate goal to help in reducing the use of me-
chanical systems and promote sustainable living.


