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Abstract: Concrete is a major construction material which 

absorbs and emits heat from the Sun. To compensate this, more 

cooling load is required and window blinds. This draws more 

electricity which in turn depletes the natural resources on a 

greater scale. Our study is to balance between the lighting and 

cooling load by analyzing the effects of two different window to 

wall ratios through Designbuilder. A residential space in 

Chennai, Tamil Nadu, India is chosen for the study. All details 

(materials used, thermal transmittance of these materials, 

climatic condition including ambient temperature and number 

of summer days, orientation of structure and window to wall 

ratios, number of occupants, purpose of building etc.) regarding 

the structure and the temperature of the city is fed in and the 

analyses are run. The software gives us an idea on the thermal 

and lighting characteristics of the 3D model of the structure 

created in it. This can be viewed in both daily and monthly 

intervals. Also the analyses give us information on paramount 

parameters of conserving energy. We compare the results 

between the two window to wall ratios. With this we suggest ways 

which bring us far from exploiting fossil fuels thus conserving 

energy in the ways possible. The conclusion of this study is 

illustrated later section in this paper. 

 

Index Terms: thermal comfort, lighting quality, window to 

wall ratio, thermal properties, heat gain. 

I. INTRODUCTION 

Concrete has gained its importance over the years in the 

construction industry. The effect of global warming is 

predominant as the ambient temperature increases on a daily 

basis. The contributing factor to this temperature increase is 

the concrete material that absorbs and emits heat to the 

exterior. Thus, concrete structures play a major role in 

escalation of ambient temperature of a built up area. Air 

conditioning has always been the best option to maintain 

thermal comfort in closed spaces. Also to thermally insulate 

the building, window blinds are installed which calls for 

artificial lighting devices. Since these draw more of the 

natural resources (fossil fuels) such as electricity, it has 

become uneconomical and an environmental hazard in the 

present days. To reduce the depletion of natural resources 

and to increase thermal comfort in a building, different 

techniques were devised.  
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For this, usage of eco-friendly materials have been the 

solution from ancient times, such as “green materials” that 

pollute the least and provide comfortable indoor temperature 

to the dwellers. Green buildings are those which use green 

materials and are designed to reduce the impact of 

construction materials and related activities on the 

surrounding environment. For this, it incorporates energy 

efficient designs which protect both the natural environment 

and human health. This ensures reduction in pollution, 

superfluous energy consumption, and resource degradation. 

The prime concern of this concept is “more comfort with less 

energy/ natural energy”. Organizations like LEED, IGBC, 

BREEAM etc. use various codal provisions to certify and rate 

buildings based on the amount of usage of renewable 

resources and conservation of energy. The main objective of 

this project is to identify behaviours of materials and improve 

thermal and lighting quality in an enclosed area..  

II. THEORY 

 Energy conservation has grown to an extent that it plays a 

vital role in the construction field due to reduction in 

resources. Materials used also impact the heat gain in a 

building. On a simpler note, green building concept works 

towards sustainable development and conserving natural 

resources for the coming generations. The other aspect of this 

is the energy design executed in a structure. Energy design 

includes orientation of the structure, materials of building 

envelop, method of construction adopted, degree of 

inexhaustible resources used, day lighting, shading, window 

to wall ratio, and so on which enable the structure to be 

self-sustaining to the maximum extent possible. On the other 

hand, rammed earth, bamboo, recycled plastic, hempcrete, 

green concrete, mud plaster etc. are few ancient materials 

that prove to transmit less heat inside. Thermal comfort and 

lighting sufficiency are psychological opinions of every 

individual. This can be analyzed and concluded upon a 

common scale. Designbuilder serves this purpose for several 

indoor analysis of a given building. It is a 3D model 

simulator which simplifies thermal simulation with 

Energyplus. It measures and controls thermal, lighting, 

energy and carbon content. Based on the data obtained from 

the function of the enclosed area, number of occupants, 

location of the building, equipments used, etc. the model is 

simulated and respective results are obtained. 

Further, changes could be incorporated and analyzed for 

both new and existing buildings. 
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III. METHODOLOGY 

To analyse the ventilation available in a building, suitable 

data are brought together. Various factors affect a building 

thermally and are interlinked in their own ways. Lighting 

and thermal factors go hand in hand thus necessitating the 

following analysis. Ambient temperature, material of 

building forms, their thermal transmittance, the sun path, 

location of the site, climatic condition there, height of the 

enclosed area are few aspects to be considered in the analysis. 

3D model of the structure is created in Design builder and 

respective materials are assigned to the components. 

Location details are fed in for a realistic analysis, specifying 

the peak months according to the season chosen. According 

to the climatic condition of the region, the season is picked.  

Depending on the orientation of the structure, sun paths are 

determined and in turn ambient temperatures are 

self-calculated. Number of occupants and the activity inside 

the structure are to be specified to evaluate the heat dissipated 

by each contributing factor. Appliances and equipment 

details serve the same purpose in the proposed area. 

Materials and the thermal properties of the wall and slabs are 

to be specified. Dimensions of windows (window to wall 

ratio), wall thickness, slab thickness etc. should be detailed. 

In our study, we have considered a residential structure with 

a ground floor and a floor above it, facing west. The site is 

situated in Chennai, Tamil Nadu, in the southern part of 

India. India is predominantly a tropical country and thus the 

season chosen summer. 

For the above said site, summer months were calculated to be 

from April to end of August. The software was fed in with the 

number of occupants with a minimum of 4 and a maximum 

of 6. Normal burnt earth brick wall with one coat of 12mm 

cement mortar plaster on each side and concrete slabs of 

150mm thickness were taken into account. Window to wall 

ratio (w/w) was 20% approximately on all sides of the 

structure. Against all these conditions, the analysis was run 

and the results were obtained. 

 

            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig No 1, Daily heat gain simulation for 20% w/w ratio 

IV. RESULT 

The graphs in Fig.1 show the variation of ambient 

temperature, heat balance and fresh air respectively. This 

variation was analysed on a daily interval throughout the 

summer months.  The graph indicates its peak during the 

days of May and June and a gradual decrease after July. Fig.2 

is the graph showing monthly variation of the factors 

considered in the above case. It is evident that the heat gained 

during all the 5 months of summer is nearly equal, i.e., 

despite varied temperatures every day, the net heat retained 

by the building forms is the same. The escalation of air, 

radiation and outside dry-bulb temperature is highest during 

May and reduces proportionally later on. 
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Fig  no  2,  Monthly heat gain simulation for 20% w/w ratio 

  

As far as day lighting is concerned, the luminance lux 

gradually reduces upto approximately 1 meter away from the 

wall openings (Fig 3). 

For the same given conditions, if the w/w ratio was increased 

to 40%, then there was an escalation in temperature in the 

closed space. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3.  Daylight analysis for 20% w/w ratio 
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Fig.4.  Daily heat gain simulation for 40% w/w ratio 

  

Fig.4 provides the information that with 40% w/w ratio, solar 

gain from exterior walls can be reduced to some extent. But, 

this in turn reflects on the inside air temperature which 

shows an escalation in the some days of May, June and partly 

July. It has crossed 40ºC and in this case, the amount fresh air 

has improved. 

Monthly variation for the same w/w ratio shows a similar 

trend as that of 20% (Fig.6). The difference lies in the peak 

temperature that is achieved during May and June. On the 

other hand, daylighting in such a condition has been 

enhanced (Fig.5) that the reach is beyond 1.5 meters from the 

exterior wall. 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5. Daylight analysis for 40% w/w ratio 
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Fig.6. Monthly heat gain simulation for 40% w/w ratio 

 

V. CONCLUSION 

From the above results, it is evident that as the widow to wall 

ratio increases from 20% to 40%, thermal comfort 

diminishes and daylight quality is boosted in the enclosed 

area. Also, with this rise in this ratio the quantum of fresh air 

escalates and thus indoor air quality is enriched. The scope of 

this study is limited in this paper and can be extended to the 

point of optimizing the opening and use of different 

materials. To conclude on this study, improvement in the 

living condition inside the building can be achieved with 

changes in the material and the orientation of the structure. 

Artificial lighting is harmful to the eye sight and thus 

increase in w/w ratio is preferred. This in turn augments the 

heat gain inside the structure which has to be balanced with 

more cooling load. Air conditioners are in a way good to 

human health as they condition the natural polluted air 

outside thereby rising cooling load. Therefore window to 

wall ratio of each surface of the structure can be optimized to 

have better ambient conditions over daylighting and 

upholding energy conservation. 
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