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Abstract 
As a method to manage the large amounts of waste produced in developing India, and 

simultaneously give the lower income households a sustainable and simple technique to light 

the houses, this article aims to study, compare, and evaluate three different techniques. It is 

based on a literature review and the physical study of a model. Three techniques were chosen: 

building blocks with glass bottles, building blocks with plastic bottles and a so called solar 

light bulb. A literature review showed that the second option was the most suitable 

alternative, and a model was constructed. Our model showed that the light transmission of our 

model is significantly lower compared to a conventional window. The masonry block do 

however allow an indoor illuminance higher than 200 lux as recommended by the Swedish 

Work Environment Authority. The research also showed that the masonry block has lower 

isolation properties rather than a conventional window. More research is needed to evaluate 

this method with potential. 

  

सार Abstract (Hindi) 

के रूप में एक विधि विकसित कर भारत में उत्पादित कचरे की बड़ी मात्रा का प्रबंिन करने के सिए, और 

एक ही िमय में कम आय िािे पररिारों के एक स्थाय़ी और िरि तकऩीक घरों में प्रकाश के सिए िेने 
के सिए, इि िेख, अध्ययन की तुिना, और त़ीन अिग-अिग तकऩीकों का मूलयांकन करना है। यह 

एक िादहत्य की िम़ीक्षा और एक मॉडि के भौततक अध्ययन पर आिाररत है। त़ीन तकऩीकों चनुा 
गया: कांच की बोतिों के िाथ ब्िॉक तनमााण, प्िास्स्िक की बोतिें और एक तथाकधथत िौर प्रकाश 

बलब के िाथ ब्िॉक का तनमााण। एक िादहत्य की िम़ीक्षा िे पता चिा कक ििूरा विकलप िबि े

उपयुक्त विकलप था, और एक मॉडि का तनमााण ककया गया था। हमारे मॉडि है कक हमारे मॉडि के 

प्रकाश िंचरण काफी कम एक पारंपररक खखडकी की तुिना में है पता चिा है। धचनाई ब्िॉक हािांकक 

एक इनडोर रोशऩी २०० िक्ि िे अधिक की अनुमतत है। और अधिक शोि की क्षमता के िाथ इि 

विधि का मूलयांकन करने की जरूरत है। 
 

 

 

Sammanfattning 
Den här rapporten undersöker, jämför och utvärderar tre simpla tekniker som potentiellt ger 

ljusinsläpp för låginkomsthushåll och samtidigt är metoder för avfallshantering i Indien. De 

tre metoderna är cementblock med ingjutna glasflaskor, cementblock med ingjutna 

plastflaskor, eller flaskor som insätts i taket och sprider solljus, med såkallad refraktion. 

Rapporten inleds med en litteraturstudie som sedan kompletteras med en experimentell del 

där ett cementblock med ingjutna plastflaskor konstrueras och undersöks. Resultaten visar att 

ljustransmissionen är väsentligt lägre än för konventionella fönster, men dock tillräcklig för 

att ge en illuminans över 200 lux inomhus som rekommenderat av svenska arbetsmiljöverket. 

Utöver detta visade resultaten modellen har lägre isolerande effekt i jämförelse med 

konventionella fönster. Detta är en metod med potential, som skulle gynnas av med forskning. 
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1 Introduction 

India is a country located in the southern part of Asia. In 2014, the population reached nearly 

1.3 billion, and is thereby the country with world's second largest population (World bank 

2015). Approximately 20 percent of India’s population lives beneath the poverty limit, 

meaning having less than USD 1.90 per day (World bank 2016a). The part of the population 

living in poverty is decreasing. Furthermore, a third of the people of India lives in rural 

communities, and the increase in urbanization is expected to remain (World bank 2016b). In 

the year of 2011 the government of Delhi estimated the state’s homeless population to have 

reached 46,724. The life of the underprivileged is marked by danger from the roads, 

sanitation, no food nor water security, no education and no healthcare. Only a portion of the 

homeless are provided with governmental supported shelter. (Nair 2015) 

 

In the nearby future an increased production of waste is expected in India, and techniques and 

strategies should thereby be developed to manage the growing amount of waste. An 

inadequate management of waste could possibly come to various consequences such as 

spreading of illnesses and environmental problems (Babu 2016). Poverty, waste management 

and various sorts of pollution are the central obstacles India today is facing, in the goal of 

achieving a sustainable development within the country. (Gupta 2015) 

 

These predicted conditions make the setting for the future possibilities of the built 

environment business in India. The development of sustainable cities is also one of the 

sustainability goals the United Nations has set up, indicating the importance and relevance of 

the matter (United Nations 2016a). 

 

There is therefore a need for simple houses that could be built for a low cost, while decreasing 

the inlet of polluted air but simultaneously increase the recycling of glass or plastic waste 

products. This study will aim to review three different alternatives that potentially could 

improve the sustainable development in India. The study also aims to examine the 

possibilities of building windows in different environment such as Sweden. 

 

1.1 Aim and Objectives  

The aim of this study is to research the functions of windows, and various solutions for sun 

light inlet as well as studying the heat transfer into and out of buildings, with the aspiration of 

sustainability and reuse of material in developing countries. The main question answered in 

the study: 

What are the possibilities of making new methods for inlet of sunlight with a low production 

prize as well as simplifying the construction so that “everyone can do it”? 

1.2 Confinements 

This study is focusing on matters regarding inlet of light for houses in Stockholm, Sweden 

and in Delhi, India. The solutions examined are simple and should not require any expertise or 

knowledge regarding construction of a house. Neither should the material necessary to 

construct the different solutions demand complicated techniques or expensive material. 

Ventilation is not taken into account. Plastic drink containers are the main resource used.  



1.3 Method 

The foundation and background of our project is a literature review and a interview with the 

researcher Krishna Lodha. In the literature review, the information available at the library at 

The Royal Institute of Technology has been one of the main sources, and several articles and 

books were studied, though Glas- möjligheternas byggmaterial (1992) by Carlsson, and 

Reusing waste plastic bottles as an alternative sustainable building material (2015) by 

Mansour and Mansour, were studied more closely. The results from the study were then 

evaluated in accordance to our criteria and indicators for sustainable development.  

 

This qualitative study was complemented by a quantitative part. A model of a window was 

constructed in Sweden, respectively in India, to examine the windows’ physical properties. 

This method is described in the section “Construction of two models” below. 

2 Background and theory 

In the following section the findings from our literature review will be presented, which later 

will be used in the construction of our model. 

2.1 Sustainable development 

Sustainable development is a concept that has varying definitions depending on the 

circumstances. Brundtland’s definition is however widely accepted, and the foundation of our 

study. Brundtland’s report for the United Nations famously declared that “Sustainable 

development is development that meets the needs of the present without compromising the 

ability of future generations to meet their own needs.” (United Nations 1987 p. 41). 

Additionally, sustainable development is commonly regarded to depend on three different 

dimensions: the environmental, the social, and the economic. This study of different solutions 

for inlet of light includes all three dimensions.  

 

Socially, it is sustainable through improved health benefits. That is since low income 

households in Delhi commonly uses energy types such as coal, kerosene and petroleum to fuel 

cooking devices and the same time spread light indoors. Depending on the extent of time 

spent by the fire, and the quality of the fuel, this method for cooking and lighting up houses 

may lead to respiratory diseases. (Kumar 2008) 

 

Environmentally they align with the waste management model (the waste hierarchy) and the 

different words and concepts related to sustainable development as defined by Glavic. 

Environmental criteria the projects may fulfil are:  

 Reuse - Defined as “using waste as a raw material in a different process without any 

structural changes” (Glavic 2007 p. 1877). 

 Zero waste - has the definition “a design principle for the 21st century. It includes 

‘recycling’ but goes beyond recycling by taking a holistic approach to the vast flow of 

resources and waste through human society.” (Glavic 2007 p. 1877). 

 Sustainable consumption - “workable solutions to social and environmental 

imbalances through more responsible behavior by everyone” (Glavic 2007 p. 1883). 

The environmental dimension can also be described through the aforementioned waste 

management strategy, “the waste hierarchy”. It states that there are preferable methods for 

handling waste, and thus ranking the different options. First and foremost it states that 

producing waste should be avoided. The second best alternative is to reuse the waste, follow 

by the third step - to recycle the materials. The second last alternative is recovery, for example 



to recycle the energy. The last, and generally the least preferable option is to put the waste in 

a landfill. (the European Parliament 2008) 

 

The picture below, Figure 1, captures a glance of the inside of the majestic Murud Janjira 

Fort. It was originally built in the 15th century, once known for being the strongest marine 

forts in India. Today the legacy is covered with wastes, the plastic bottles in the picture is only 

one of the several wastes to be found. This states a clear example of the environmental waste 

management challenges in India. (WebIndia123, 2016) 

 

’ 
Figure 1. Murud Janjira Fort, Maharashtra, India. (February 2016, Dahlberg, L.) 

 

Economically, this project aims to be affordable to all groups in the Indian society, and 

therefore make progress regarding the indoor environment possible for everyone. 

2.2 Windows and methods for inlet of light 

The history of windows began when holes were made in the ceiling, to allow ventilation and 

let the indoor air out. The indoor air was, and still is in some parts of the world, often polluted 

by the products caused by fires kept inside the buildings. The holes also had another 

advantage, namely that they allowed some light into the houses. Therefore the holes were 

kept, even though new and more sophisticated solutions for venting the smoke out developed, 

such as chimneys. There was however still a need of keeping “the outside out” and prevent 

intrusion. For example bladders from fish were used to cover up the holes and simultaneously 

let the light enter the house. In the end, this led to the art of making of glass windows. 

(Carlsson 1992) 



 

Today windows have different purposes and uses, and these affect the properties of the 

window. For example the properties might vary depending on where and why the particular 

window is used. Typically one of the main purposes is letting sunlight in. The Swedish Work 

Environment Authority states that daylight is required for a well-lit room, and that the feature 

to see through windows is of great importance (Swedish Work Environment Authority 

2015a). The light coming through the windows can be divided into two categories: direct and 

diffuse sunlight. Windows should to be designed to avoid glare caused by the direct sunlight 

(Swedish Work Environment Authority 2015a) (Chel et al 2009). The authority also presents 

guidelines regarding illuminance for different activities. For the procedure of cleaning, an 

illuminance of 200 lux is recommended (Swedish Work Environment Authority 2015b). This 

number will be used as a guideline in the construction of our model in the section 

“Construction of two models“ below. 

 

Windows can also allow us to be aware of the outside world through vision and (reduced) 

sound and noise transmission, while being indoors. Some windows have the feature that 

allows us to ventilate our houses, or reduce the amount of heat loss. Preventing polluted air to 

enter the building is prohibited by the use of window. (Carlsson 1992) See figure 2. 

 

The picture below, Figure 2, is a typical structure of window in India, maintaining protection 

in form of steel, glass and inside a net to prevent insects to enter while venting the house.  

 
Figure 2. Picture of common window in Gudjurat, India. March 2016 (L. Dahlberg) 

2.2.1 Aesthetics 

Windows can add to the aesthetic experience of a house. Used glass bottles can be utilized in 

the purpose to increase the aesthetic value of a building. A Swedish architect, Wingård, has 

for example used the bottoms from various coloured bottles, and incorporated them in the 

facade of the building. By using this technique, the architect, and artist Råman involved in 

this project, allow the bottle's shape, geometry and colour to further add to the aesthetic 

experience of the building. (Liljevalchs 2014) 



2.2.2 Physical Properties 

The studied region, Delhi, is a state of 3 seasons; summer, winter and monsoon. During 

daytime the average temperature between 2001 and 2012 reached a peak of 40 degrees and 

the lowest temperature reported to be 20 degrees Celsius, with a temperature above 30 

degrees during six months annually. Hence, minimizing the heat transfer is for the condition 

of Delhi most beneficial. (World weather online 2012) 

2.2.2.1 Heat Transfer: 

There are two manners of heat transfer: either through work or transfer of energy from 

temperature differences. The activity of temperature differences for heat transfer is forced 

from a higher temperature to the lower temperature. Without the force of work the reverse 

will not occur. In this study the temperature difference is of interest for measuring and 

calculating the possibility of heat transfer through plastic bottles. (Cengel, Ghajar 2015, pg 

27) 

The processes of heat transfer due to temperature differences include: conduction, convection 

and radiation. As known, heat transfers from warm to cold and the rate of the heat transfer 

fluctuates with the scale of the heat. Thus, transfer from a higher temperature will therefore be 

transferred in a faster speed than if the temperature difference would be less. (Cengel, Ghajar 

2015, pg 27) 

Conduction: appears in solids, liquids, gases. Rate of heat conduction through a medium 

depends on: thickness, material and temperature difference. (Cengel, Ghajar 2015, pg 30) 

Convection: Energy transfer between a solid surface and the adjacent liquid or gas, this area 

will thereby have a medium in movement. Within a room there will be heat transfer via 

convection from the air i circulation and the solid wall. (Cengel, Ghajar 2015, pg 31) 

Radiation: The transmission of the energy in the form of waves or particles. Thermal 

radiation is of interest in this study, this is the radiation that is transmitted from hot bodies. 

(Cengel, Ghajar 2015, pg 31) 

While comparing the reference window versus our model window, the space between the 

outside and the inside will differ, and result in two different heat transfer processes, 

convection and conduction. If the air gap is less than 13 mm the air will work as isolation, 

hence the heat lost will be less. Increasing the cap will increase the isolation, though if 

reaching over 13 mm convection will cease to exist and the heat transfer coefficient, U ought 

to increase. The reference window will thereby include conduction where the distance is used 

to lower the heat loss. The studied plastic bottle will have a larger distance and thereby a 

larger U value, the heat will transfer faster in this given scenario. (Cengel, Ghajar 2015, 

s.536) 

2.2.2.2 Optical properties of windows: Transmission, reflection, and absorption of light 

When the sunlight reaches a glass window, part of the beam is reflected, another part is 

transmitted (refracted) and the last is absorbed by the glass/plastic. Transmission of light 

means that light goes through the glass or plastic. The ability to allow transmission of light is 

therefore a key feature for all the different materials that might be used for the purpose of a 

window. 

Sunlight consists of a wide range of different light from spectra. Depending of the colour of 

the glass, some wavelengths will be absorbed and other transmitted. The light transmitted 

through the glass will then appear to have certain colour, e.g. green, blue or red. The lesser 

light being absorbed by the window, the “lighter”, and also more colorless, will it appear. 

(Flygt 2011) Regular, colorless float glass transmits 85-92% of the light (Carlson 1992).  

Depending on the shape of the glass and the direction of the beam, the angle with which the 

transmitted light exits the glass will vary, according to Snell’s law;  



 

n_a*sin(v_a)=n_b*sin(v_b)  

Where n is the index of refraction, which is the velocity in vacuum/velocity in the specific 

media, a constant depending on the media. V is the angle to the normal of the surface. As 

mentioned before, a part of the light will be reflected. This part is about 4 percent when the 

beams direction towards the glass is perpendicular, and increases with the angle between the 

beam and the normal. (Young, Freedman 2008). In Figure 3 below, light is reflected from the 

two upper windows. 

 

 
Figure 3. Windows in Maharashtra, India. February 2016 (Dahlberg, L.) 

 

2.3 Methods for inlet of light 

In the following section three options for indoor lightning by sunlight are presented. By 

meeting the criteria for sustainable development addressed above, namely by being based on 

recycling plastic and glass bottles, improving indoor environment and having a low cost, they 

can be considered relevant to evaluate the options for future usage. 

2.3.1 Windows made from PET bottles 

In this option, plastic bottles are used as windows in concrete blocks. In Delhi plastic bottles 

are a frequently occurring kind of unmanaged waste, but in Sweden the plastic is recycled. 

Reusing these bottles would follow our determined criteria for environmental sustainability, 

and the environmental gain would be greater in Delhi. 



Being moulded into blocks of plaster such as cement, the bottles could be used as an inlet for 

sunlight in walls. 2 litres PET-bottles filled with air would be able to stand enough stress to 

hold a wall made of concrete. However, the walls constructed with plastic bottles would not 

be as robust as a wall build with regular blocks consisting of cement, and are only suitable for 

one storey houses. (Mansour, Mansour 2015). Figures 4 and 5 present a possible usage of the 

masonry block with plastic bottles. 

Possible installation costs include the matrix or plaster. Possibly several materials are suitable 

for plaster. The production of the used components in the mortar mix, such as cement does 

produce considerable carbon dioxide emissions (Worrell et al 2001). Consequently cement 

might be a less environmentally sustainable option. Furthermore this method for lightning 

does not need any electricity and there are therefore no substantial operation costs.  

 

 
Figure 4. Modelled example using plastic bottles as windows, close up. (May 2016, Lindqvist, 

C.) 

 



 

Figure 5. Modelled example using plastic bottles as windows. (May 2016, Lindqvist, C.) 

2.3.2 Windows made from glass bottles 

Container glass has a moderately high strength, but the shape of the material is also relevant if 

the properties of the building block are going to be specified, as in this case. (Le Bourhis 

2014). 

Using the method used in the previous section, glass bottles could be used to allow sunlight to 

light houses. However, most of the glass is recycled today (Nandy 2015). Therefore this 

technique would not reduce the amounts of waste, even though it would still promote the 

reuse of the glass over the recycling of it. According to the waste hierarchy the reuse of a 

material can be considered more sustainable than recycling it.  

2.3.3 Solar Light Bulbs - Litre of light 

“Litre of Light” is a simple system that uses refracted sunlight to light up a room. This 

phenomenon, refraction, can be described through Snell’s law. 1.5 litre bottles filled with 

water and bleach is inserted through the ceiling, and the hole is sealed with a plastic mass. 

The bleach prevents any growth of algae or bacteria in the bottle, and the bottle will therefore 

stay clear over the course of time. This construction would then spread the sunlight indoors. 

(Wang 2013) 

Advantages with Litre of light are that the device uses plastic bottles, a recurring unmanaged 

waste in India. It can also easily be installed retroactively, that is after the house is build, as 

well as in “off-grid” villages. Furthermore, the installation process is simple. The “bulb” can 

maximum spread as much light as a 60 W lamp. (Wang 2013) 

A disadvantage regarding the “Litre of Light” is that it works as a lamp (Wang 2013). 

Therefore it does not enable increased contact with the outside world through vision or sound. 

This solution can also be considered to be less aesthetically pleasing, than the other two 

options. It also demands a plastic sealant, which potentially could be effortful to acquire. 



2.4 Interview with Mr Krishna Lodha 

Mr Lodha is a researcher in the field of recycling of plastic bottles in the matter of 

construction of houses. The claims that the usage of cement leads to need of a structure, since 

bonding between the plastic and the cement will not occur. Thereby the result would be the 

construction falling apart. A strong base is thereby needed. When using cement a combination 

of a steel structure is usually common, so called reinforcement. In his study the result was less 

successful and the structure fell apart. 

2.5 Conclusions from the literature review 

The masonry block with inserted plastic bottles is regarded to be the best choice to further 

examination. Partly, because it does allow light to transmit through the bottle, and limits the 

vision through the bottle. This makes it more window-like than the “Litre of Light”. It is also 

considered more sustainable than the similar option based on glass bottles, since there is a 

significant improvement in the waste hierarchy. Unlike the glass bottles, which are partly 

recycled today, the plastic bottles are used as landfill. These reasons make glass-bottles wall a 

less beneficial option. Lastly, the literature review indicated that there has been a substantial 

amount of research done on the solar light bulb, while there is a lack of scientific information 

regarding the masonry block models. The placing of the bottles is substantial for the structure, 

and narrow spacing between each bottle is preferable, doing so to minimize the risk of the 

base of the cement not to fall apart. 

3 Construction of two models 

The aim of this experiment is to examine the physical properties of our model of choice. Light 

transmission will be measured and evaluated, and heat transmission will be studied more 

generally. 

Following two different experiments will be presented. The origin of the two experiments will 

differ, one of taking place in India and the other in Sweden. Different methods occur since the 

circumstances for the different positions are substantial. For example, the access to different 

tools and availability of material differ. To note is that the experiment within Sweden will be 

more refined and the experiment in India will be using a more simple method, as the goal of 

making a window that will be easy to proceed in each situations. 

3.1 Experiment 1: in India 

Firstly four transparent 2 litre bottles were chosen, the shape of the bottles were fairly 

different both in length and in width. The bottles were dried out and shut by the caps. 

Thereafter a frame in plywood was made for the structure of the window, see figure 6. 

 



 
Figure 6. The frame used in the experiment. April 2016 (Dahlberg, L.) 

 

The chosen plastic bottles were placed with a distance of 1-2 centimetres apart in a square 

shape; the plastic bottles were dug down in the soil of the ground with the top facing the soil, 

this do to stability as well as for protecting the top of the plastic bottles from the cement. See 

figure 7. Around 4-5 centimetres of top of the bottles were covered by soil. 

 

 
Figure 7. The configuration of the bottles in the experiment in India. April 2016 (Dahlberg, 

L.) 

 

Thereafter the frame was placed around the plastic bottles, making sure that the soil around 

the plastic bottles was evenly distributed to make sure for the cement wall to be even. The soil 

was also used to cover the outside of the frame to minimize the leakage of the cement mortar, 

see figure 8.  

 



 
Figure 8. The bottles’ placement in the mould. April 2016 (Dahlberg, L.) 

 

Cement mortar was thereafter composed, using the natural soil instead of sand as most 

commonly used. The cement mortar consisting of 30 percent of cement and the remaining 70 

percent of soil. The cement mortar was thereafter evenly distributed in the wood frame, 

leaving 1-2 centimetres of the bottom of the plastic bottles without cement cover. After 48 

hours the cement mortar was left dried and thereafter the wooden frame was removed. 

The final constructed model is displayed below, see figure 9. The first picture showing the top 

of the bottles (future inside) and the second showing the bottoms of the plastic bottles (future 

outside) figure 10.  

 

 
Figure 9. The finished masonry block. April 2016 (Dahlberg, L.) 

 



 
Figure 10. The light through a masonry block, April 2016 (Dahlberg, L.) 

 

3.2 Experiment 2: in Sweden 

The study of the psychical properties of the wall will substantially follow the execution made 

by Mansour (2015). This will allow us to compare the data, and further conclusions. The 

frame for the masonry block we will construct will therefore be cubic with the measurement 

of 35 cm, with eight bottles per block. 

Firstly a mould was constructed, and the eight bottles were then placed inside. In between 

every bottle and the rim of the mould there is about 1 cm of concrete, with the exception of 

the bottles placed in the middle row. Each bottle’s volume was 2 litres, and they were cleaned 

and filled with air, with the caps attached to the bottles. The bottles’ bottoms were wrapped in 

cardboard to allow the bottles’ ends to stay clear from cement, when the concrete-mixture was 

poured over the bottles. The concrete did not cover the top five centimetres of the bottles. See 

figure 11. 

 

 
Figure 11. The masonry block build in Sweden. April 2016 (Lindvall, E.) 

 



3.3 Measuring of the light transmission 

To measure the light transmission through the building block, the block was placed with a 

light positioned to shine straight on the building block’s “outer” wall. As concluded in the 

“Optical properties” section, the quantity of transmitted light peak when the direction of the 

light is perpendicular to the to the glass bottles flat bottoms. A non-light transmitting (opaque) 

fabric was attached to the sides of the masonry block. The purpose of this was to cover the 

measuring equipment, and therefore ensure that the light transmission measured solely the 

used source, and not any background light. 

The bottles were numbered 1-8 for the case in Sweden and 1-4 in the experiment of India, and 

a lux meter, (the phone application “lux-meter”) was used, so that the lux [lumen/m2] could be 

measured directly in front and behind the bottles. 

To calculate the indoor illuminance these transmission values would give, the monthly 

averages of vertical diffuse illuminance in Delhi was taken from Pantal et al. (2014). The 

transmission was calculated for the block placed in a northern, southern, eastern and western 

direction. This calculation was made to see if the blocks capacity to transmit light would meet 

the guidelines from the Swedish Work Environmental Authority. 

No matching illuminance values were found for Swedish conditions. The median outdoor 

diffuse illuminance was however determined to be 12100 lx, and used in a corresponding 

estimating calculation. (Mardaljevic Christoffersen 2013) 

3.4 Result from light transmission measurements 

The aim of this experiment was to construct a method for inlet of light, and measure the light 

transmission and evaluate whether it would meet our indoor illuminance guideline. The model 

did not require any previous experience from building. Two experiments were made, one in 

India and the other in Sweden. The study of our built block shows that there is transmission of 

light through the bottles in the block, but the measured valued vary from bottle to bottle, and 

in between the series of measuring. A standard two glass reference window transmits 85-92% 

of the light (Carlson 1992). 

Four bottles were used to build the construction in India. The light transferred through each 

bottle was measured. The experiment showed that for each bottle, the percentage of 

transmitted light did vary between circa 1- 4%. The results are presented in the Table 1.  

 

Table 1, Transmission of light, for the block constructed in India 

 



 

Eight bottles were used in the experiment made in Sweden; the light transferred through each 

one was individually measured. One of the bottles’ bottoms did get severely covered by 

concrete, and thus not able to transfer any sunlight. 

For the Swedish block the percent of transmitted light vary from circa 1 to 5% for each bottle, 

as presented in Table 2. The fourth bottle’s bottom was covered in concrete, and consequently 

not able to transmit any light.  

 

Table 2. Transmitted light through the masonry block constructed in Sweden
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To reach the illuminance recommended by The Swedish Work Environment Authority, 200 

lx, one of the constructed masonry blocks build in a wall facing south in Delhi, will be 

enough, see Table 3 and Table 4. 

 

Table 3. Estimated transmitted light in Delhi with the Swedish block 

 
 

Table 4. Transmitted light in Delhi with the Indian block 

 

To estimate the Swedish indoor light transmission in the two experiments the median value 

for outdoor diffuse illuminance was used for each measurements. This resulted in an indoor 
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illuminance just below our guideline, for Sweden and slightly above our guideline, for the 

block made in India. 

3.5 Calculations of Heat transfer 

The overall heat and transfer coefficient, U, is calculated for the plastic bottle and compared 

with the value of the reference window. The overall heat and transfer coefficient is a 

measurement of the heat that is transported through the window, from the heat to the cold. 

(Cengel, Ghajar 2015, pg 253) The following calculations will take into consideration the 

different stages that the heat transfers through. For the two different cases, the experiment 

taken place in India as well as Sweden, we deal with two different paths heat transfer. Since 

the heat transfers from hot to cold the heat will transfer from the outside to the inside in the 

case of India and the opposite in Sweden. This is because in India the outdoor temperature 

will be hotter than the inside and for Sweden the opposite occur. For the situation taken in 

India, then firstly the heat passes through the outdoor air to the window, then passing through 

the material of the window, thereafter through the air between inside of the bottle/window and 

thereafter through the material and then from the window till the inside air, resulting in heat 

transferred through the outdoor to the indoor, for the experiment in Sweden then the path is 

the opposite direction. Due to steady state of the operation no change in temperature of the 

wall at any time will occur, thereby the rate of change of the energy of the wall will be 0. 

Hence, using the correlation of the rate of heat entered equals the rate of heat released under 

steady state, the overall heat transfer coefficient, U is possible to measure. The heat transfer 

coefficient, h, is needed during the calculation, explanation follows below. Average 

temperatures are chosen for each calculation. (Cengel, Ghajar 2015, pg 493) 

 

�̇� Rate of heat transfer [W] 
Ts1 Outdoor surface temperature of bottle [°C] 
Ts2 Inside surface temperature of bottle [°C] 
T∞1  Temperature of outdoor air [°C] 
T∞2  Temperature of indoor air [°C] 
Rtot  The total thermal resistance [W/K] 
U  Overall heat transfer coefficient [W/m2°C] 
A   Heat transfer area [m2] 
h     Heat transfer coefficient  [W/m2K] 
 Boltzmann’s constant [W/m2K4]  
ε Emissivity    

(Cengel, Ghajar 2015, pg 20) 

 

We consider the temperature of the outdoor air to be T1,∞ , the indoor air temperature, T2,∞ and 

outdoor surface is Ts1 and Ts2 for indoor surface of the bottle. These temperatures are presented 

in Table 5. The bottom of the bottle facing the inside is considered to have the same area as 

the top, this area is A=1 m2. The heat transfer coefficient, h, is calculated as given by the 

equation 1 and 2 below, including both radiation as well as convection. 

Since the transfer is constant, we calculate the first step of heat transfer, from the outdoor air 

to the surface of the window for the case in India and equally for the case in Sweden. This 

calculation includes conduction, and is given by the equation below, with the emissivity, ε, 

0.95 (Cengel, Ghajar 2015, pg 943) The Stefan Boltzmann’s constant value is σ≈ 5.67040 10-8 

(W/m2K4). 
 

 
ℎ = ℎ𝑐𝑜𝑛𝑣𝑒𝑐𝑡𝑖𝑜𝑛 + ℎ𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛        (W/m2K)   (1)  

 



(Cengel, Ghajar 2015, pg 51) 

 

 

ℎ =   1.77(𝑇 − 𝑇∞)0.25 +  
𝜀𝜎(𝑇4−𝑇∞

4 )

𝑇−𝑇∞
  W/m2K  (2) 

(Cengel Ghajar 2015, pg 51) 
 

 

ℎ =   1.77(𝑇 − 𝑇∞)0.25 +  
𝜀𝜎(𝑇4−𝑇∞

4 )

𝑇−𝑇∞
   (W)   (3)  

(Cengel, Ghajar 2015, pg 50) 

 

The overall thermal resistance, Rtot, through the wall is used to calculate the heat transfer. The 

total thermal resistances include the inlet, throughout the window and the outlet of the heat. 

Since the rate of heat transfer is consistent, equation 3 and 4 is combined to find the thermal 

resistance and thereafter the overall heat transfer coefficient through equation 5. (Cengel, 

Ghajar 2015, pg 147)  

 

𝑇1∞ − 𝑇2∞ =  �̇�𝑅𝑡𝑜𝑡    (C°)  (4) 

(Cengel, Ghajar 2015, pg 147)  

 

 

𝑈𝐴 =  
1

𝑅𝑡𝑜𝑡
     (W/K)  (5) 

(Cengel, Ghajar 2015, pg 147)   

 

The value, U of the reference window, is taken from Energifönster which gives the value of U 

for a two glass window. This value is 3, accordingly to a window in good condition with no 

leakage. This value will be compared to the two different U values given from each 

experiment, the one made in Sweden and the one made in India. The result of the calculations 

is given in Table 6 below, comparing the overall heat transfer coefficient, U within the plastic 

bottle window and the reference window. (EQWindow, 2016)  

 

3.5.1 Heat and Transfer Measurements 

 
Table 5. Assumed temperatures 
 

T1,∞ Tsurface T2,∞ 

India  41 35 27 

Sweden 0 7.8 20 

 

Table 6. Results from calculations 
 

h [W/m2K] Q   [W] Rtot  [W/K] U [W/m2°C] 

India 9.26 55.56 0.25 3.98 

Sweden 7.54 58.81 0.23 4.2 



The overall heat and transfer coefficient, U, determines how much heat that is transferred 

from the heat to the cold. The U value of the reference window is less than the two 

experiments. This do to the air space between the walls are less than 13 mm, which gives less 

heat loss, a scenario to aim for. The space will work in this case as isolation, and therefor will 

stand the heat loss much more than the experiment. The experiments should give similar 

results since the construction is more or less the same, which it is some extent does. The U 

value for the experiment in India is 3.98 (W/m2°C) and for the experiment in Sweden the value 

is 4.20 (W/m2°C). The different values may be because the assumed temperatures are not 

exact. Notice that the reference window is more ideal rather than the both experiments. 

 
 

Figure 5. Modelled example using plastic bottles as windows. (May 2016, Lindqvist, C.) 

4 Conclusions and Discussion 

According to our literature review the masonry blocks with plastic bottles is the best option 

for inlet of light. A comparison between our construction and a standard window shows that 

the light transmission is significantly lower for the bottles, circa 1- 5 percent, than a standard 

window which transmits 85-92 percent. The transmission is however close to meeting the 

guideline of indoor illuminance in India as well as in Sweden. The heat transfer will be higher 

than for a standard window, allowing more heat inside in India and less in Sweden, which is 

not desirable. 

There are no substantial installation or operation costs. The reuse of the waste and possibility 

to lower the amount of indoor fires, improve the sustainability. The conditions regarding 

economic, environmental and social sustainability are therefore met. The conclusion reached 

is therefore that there are several available methods for inlet of sunlight. The implementation 

of the masonry blocks with plastic bottles are realistic sustainable and stable. This study gave 



a stable structure most likely since the closeness of the bottles; this is to be noted for further 

evaluations of this study. 

There were however inaccuracies in the study. During the making of the masonry blocks, the 

measurements of the block constructed in Sweden did not succeed to follow the ones given in 

the plan. The inaccuracies from the results regarding the light transmission could probably be 

reduced by more sensitive equipment as well by extended amount of measuring series. 

Additionally one of bottles bottom was covered by concrete. Having eight bottles transmitting 

light instead of seven, could possibly allow the indoor illuminance to reach the recommended 

200 lx. There is a slight difference between the two blocks respective ability to transmit light. 

However, since they have different designs, it is impossible to draw any conclusions 

regarding this dissimilarity. 

Regarding our study, the result only shows the potential of our specific models. The actual 

inlet of light will vary depending on the local circumstances such as weather, placement on 

the wall, the surrounding environment (such as distance to and height of adjacent buildings), 

in which directions the walls with the bottles is placed, and lastly how much the block 

distinguishes from our model. With this, the study is not complete but gives an idea as well as 

a picture of the potential benefit it might have. The design that is presented may give a hint of 

the final work. 

It is also possible to customize the method to specific house, by for example combining our 

different options mentioned above, or by changing the matrix in which the bottles are placed. 

Mortar, cement, clay are all different possibilities. Further customization could be achieved if 

the bottles were developed with, for example, complimentary inserted LED-lights in the 

future. The ability to allow various designs, decorations, and expressions with glass as well as 

plastic bottles can be considered being an asset and advantage, even in simpler projects or 

projects adapted to Indian or Swedish conditions. Using the combination of building the entire 

wall from plastic bottles as shown in the literature study may also benefit the final result. 

Different methods are also to consider when adapting to different outdoor climate, hence, heat 

gain or heat loss through the window. 

The matter of improving the indoor environment for low income households in developing 

countries such as India can also be looked at from an ethical aspect, and to some extent bring 

justice to the more vulnerable groups in society. 

The available scientific studies on the subject are few. However information is available and 

easily accessible from various informal sources. More extensive and more scientific 

knowledge regarding these methods for lightning and building could improve the safety 

aspects of the buildings, e.g. how to make the walls as stable as possible. India has frequently 

occurring earthquakes, which should be taken into consideration in future research. Heat 

transfer and light transmission properties could possibly also be improved, to enable a more 

desirable indoor climate. 

 

Finally, the result of the research states the potential to reach and compliment upon those 

sustainable aspects as the study aims to follow. Thereby we see that the building of windows 

as the study implies may be a good future approach.  

  



5 References 

Babu, B. V., et. al. (2016), Hazardous Waste Management in India. Birla Institute of 

Technology & Science  

  

Biplob, N., et al. (2015). Recovery of consumer waste in India – A mass flow analysis for 

paper, plastic and glass and the contribution of households and the informal sector. Resources, 

Conservation and Recycling, 101; 167–181 

 

Carlsson, P. O., (1992) Glas- möjligheternas byggmaterial (In Swedish). 

Byggforskningsrådet, Stockholm, Sweden 

 

Cengel, Y. & Ghajar, A. (2015) Heat and Mass Transfer Fundamentals & Applications, 

edition, Singapore: McGraw-Hill Education.  

 

Chel, A., Tiwari G. N., Chandra A., (2009) A model for estimation of daylight factor for 

skylight: An experimental validation using pyramid shape skylight over vault roof mud-house 

in New Delhi (India). Applied Energy, 11; 2507–2519  

 

The European Parliament and the Council of the European Union (2008) 

“Directive 2008/98/EC of the European Parliament and of the Council”. November 2008. 

Assessed the 5th of March 

[URL address:  http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32008 L0098] 

 

EQ Window, (2016). Räkna ut din energibesparing.(in Swedish) Webpage. 

[URL address: http://www.energifonster.nu/sv/fakta/rakna-ut-din-energibesparing.aspx] 

 

Flygt, E. (editor). (2011)Boken om glas- hantverket, tekniken och konsten (in Swedish). Glafo 

och Infobooks, Stockholm, Sweden 

 

Glavič, P., Lukman, R. (2007). Review of sustainability terms and their definitions. Journal of 

Cleaner Production, 15; 1875-1885 

 

Gupta, N., et al, (2015). A review on current status of municipal solid waste management in 

India. Journal of Environmental Sciences. 37; 206–217 

 

 

Kates, R. W., Parris, T. M., and Leiserowitz, A. A.(2005). What Is Sustainable Development? 

Goals, Indicators, Values, and Practice. Environment – Science and policy for sustainable 

development. Environment: Science and Policy for Sustainable Development, 3; 8–21. 

 

Kumar, R. (2008). Indoor Air Pollution and Respiratory Function of Children in Ashok Vihar, 

Delhi: An Exposure-Response Study. Asia-Pacific Journal of Public Health, 1; 36-48. 

 

Le Bourhis, E. Glass: Mechanics and Technology (2014). Wiley-VCH Verlag GmbH & Co  

 

Liljevalchs Konsthall (2014). “Liten” (in Swedish).  

[URL address: http://www.liljevalchs.se/uploads/attachments/MottoLiten.pdf ] [Assessed 

24th March 2016] 

 

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32008


Mansour, A., Mansour H. (2015).  Reusing waste plastic bottles as an alternative sustainable 

building material. Energy for Sustainable Development, 24; 79–85 

 

Mardaljevic, J., Christoffersen, J. (2013).  A Roadmap for Upgrading National / EU Standards 

for Daylight in Buildings. 

[URL address: http://www.velux.com/~/media/com/research/f0100%202013%20-

%20cie%20-%20mardaljevic%20and%20christoffersen%20-

%20a%20roadmap%20for%20upgrading%20national%20-

%20eu%20standards%20for%20daylight%20in%20building.pdf] 

 

Nair, S. June (2015). Homeless people in Mumbai: When the sky is the roof. Webpage. 

[URL address: http://indianexpress.com/article/india/india-others/homeless-in-mumbai-when-

the-sky-is-the-roof/] 

 

Nandy B., August 2015. Recovery of consumer waste in India – A mass flow analysis for 

paper, plastic and glass and the contribution of households and the informal sector. Resources, 

Conservation and Recycling, 101; 167–181 

 

Pantil, K. N., Kaushik, S.C.,  and Garg, S.N. (2014). Qualitative and quantitative assessment 

of outdoor daylight on vertical surfaces for six climate specific Indian cities. Cogent 

Engineering 1; 962838 

 

Swedish Work Environment Authority (2015a). Ljus och belysning (in Swedish). Webpage. 

Assessed 17th May 2016 

[URL address: https://www.av.se/inomhusmiljo/ljus-och-belysning/] 

 

Swedish Work Environment Authority (2015b), Vilka krav kan man ställa på 

kontorsbelysning? (in Swedish). Webpage. Assessed 17th May 2016 

[URL address: https://www.av.se/inomhusmiljo/ljus-och-belysning/belysning-pa-

kontor/?hl=Ljus%20&%20Rum.%20Planeringsguide%20f%C3%B6r%20belysning%20inom

hus] 

 

United Nations (1987). Report of the World Commission on Environment and Development: 

Our Common Future. Page  41. [URL address: http://www.un-documents.net/our-common-

future.pdf] 

 

United Nations (2016a). Mål 11: Hållbara städer och samhällen (in Swedish). Webpage. 

Assessed the 19 of February 2016.  

[URL address:  http://www.globalamalen.se/om-globala-malen/mal-11-hallbara-stader-och-

samhallen/] 

 

Young, H.,  Freedman, R. Black, A. editor  (2008). Sears and Zemansky’s University Physics 

with modern Physics. Pearson, 12th edition 

 

Wang, C. et al. (2013). The performance of solar bottle bulbs at different interior exposure 

levels. Lighting Res. Technol. , 47;  116–127 

 

WebIndia123 (2016). Tourism. Murud Janjira Fort. Webpage. 

Assessed the 15 of March 2016.  

[URL address: http://tourism.webindia123.com/tourism/monuments/forts/Murud_Janjira/] 



 

Worrell, E., Price, L. , Martin, N., Hendriks, C., Meida, L. O., (2001).Carbon Dioxide 

Emissions from the Global Cement Industry. Annu. Rev. Energy Environ. , 26:303–29 

 

World bank (2015). Population 2014.Webpage. Assessed the 16th of February 2016. 

[URL address:  http://databank.worldbank.org/data/download/POP.pdf] 

 

World bank (2016a). Poverty headcount ratio at national poverty lines (% of population). 

Webpage. Assessed the 19th of February 2016 [URL 

address:  http://data.worldbank.org/indicator/SI.POV.NAHC/countries/IN?display=graph] 

 

World bank (2016b). Urban population (% of total). Webpage. Assessed the 19th of February 

2016.  

[URL address: http://data.worldbank.org/indicator/SP.URB.TOTL.IN.ZS] 

 

  



6 Appendix 

 

Appendix 1 -Average value of temperature 

Experiment in India 
Temperature [°C] 

 

Outdoor Surface Indoor Surface 

 

33 32 

 

39 35 

 

36 34 

 

33 33 

Average Temperature 35 34 

 

  



Appendix 2 -Average value of temperature 

Experiment in Sweden 
Temperature [°C] 

 

Outdoor Surface Indoor Surface 

 

7.2 6.9 

 

8.4 8.3 

 

8.5         8.0 

 

8.2 7.9 

Average Temperature 8.1 7.8 

 
 


