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Abstract 

Global warming is a matter of serious concern in the recent years and therefore there is a need for

lower carbon emission in all human activities. In order to achieve this goal new technologies are

being developed day by day. However, at present a good amount of energy is being spent to get 

protection from the summer heat as well as the winter cold across the globe. Because of lower

economic conditions, many are still not able to afford such appliances for their comfort living in

these extreme climatic conditions. Additionally, people working under a direct exposure to the Sun 

during the summer season get sick and a few even lose their lives due to the Sunstroke. Therefore,

an easier and cheaper alternative method is being developed here to get protection from the summer

heat as well as the winter cold without spending a high amount. 
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Introduction 

Living in extreme climatic conditions is difficult as human body does not have self-adjustable 

conditions unlike animals and birds. Therefore, we use different materials to get rid of those 

extreme conditions. For example, during winter we wear woolen clothes to keep our body warm 

and room-heater to maintain the room temperature and also use thermal insulation materials in the 

construction of houses to avoid the heat loss. People also burn wood to get warmth and use blanket 

to keep body warm during night. Similarly, during summer we wear thin white clothes to keep our 

body relatively cool and cover our head with a cotton cloth or hat to protect our head while moving 

out. People use some kinds of solar reflector paints available in the local market to coat on their 

roof top to avoid heat inside the room. The use of desert air cooler and air conditioner (ac) is also in 

very much demand in the public to get rid of unbearable summer heat. Body gets dehydrated while 

working under a direct exposure to the Sun, such as farming field, road work, open cast mine, etc 

due to excess summer heat. Travelling in non-ac vehicles by road or rail becomes very difficult to 

bear. However, people with lower economic conditions live with these difficulties. Every year 

people lose their lives due to Sunstrokes due to piercing heat during the summer.  

An efficient, cheap and easily available product which could provide comfort living during the 

summer and winter is still a distant dream for the common public. In this work, such type of a 

product has been demonstrated based on the easily available material in the market which has being 

used for various other purposes. It has been observed that such products could be materials for a 

comfort living during the extreme climatic conditions for the public at large.  

 

 

Experimental 

Metalized polyester sheet of thickness of about 12 m with metalization of around 20 nm was 

procured from Rolls Pack Pvt Ltd Mumbai. Fe2O3 coating on the polyester side was done by air 

drying the colloidal solution distributed uniformly over it. Adhesion of Fe2O3 on the polyester sheet 
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was enough for the study. A maroon-coloured acrylic paint was manually coated on this metalized 

polyester sheet (i) on the polyester side and (ii) on the metalized side. Biscuit Packet sheet was 

collected from the biscuit packet, which has a shining surface inside and a coloured printed surface 

outside. Metalized Polyester pouch which is usually used in the food packaging was procured from 

the local market.  

NIR and IR reflection was tested in the laboratory using a 250-Watt IR lamp keeping the sheets 

at different heights from the lamp. A laboratory thermometer was used to monitor the temperature 

just above and just below the sheet without touching it. The temperature was measured only after 

getting equilibrated for several minutes. A schematic representation of the set up is shown in Figure 

1 below.  

 

Figure 1. Schematic representation of temperature measurement just above and just below the 

metalized polyester sheet under the IR lamp. 

 

 

Results and discussion 

Summer heat is becoming day by day unbearable due to global warming as well as other natural 

phenomena [1]. Solar radiation consists of UV, Visible, near infra-red (NIR) as well as infra-red 

(IR) radiations [2]. NIR and IR radiations account for 50 % of the solar radiation, which mainly 
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contribute to the solar heat (Figure 2). Water vapour and carbon dioxide present in the atmosphere 

have strong absorptions in the NIR/IR region, which also adds to the heating of the atmosphere.  

 

 

Figure 2. Solar spectrum  

 

 

 

Figure 3. Reflectance spectra of various metals [3] 

 

In order to protect ourselves from the solar heat, it is very essential to get rid of NIR/IR solar 

radiations. It can be achieved by reflecting these radiations using proper solar reflectors. In this 

context, various metals like aluminum, silver, gold, copper, nickel and platinum exhibit good solar 
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reflections (Figure 3) [3]. Among which aluminum is the cheapest, easily available and possesses a 

good reflectance in the entire solar spectrum. Aluminum is the most abundant metal in the earth’s 

crust (about 8%) and widely used in the day-to-day human activities [4,5].  

Perfectly smooth and shining surface of these metals is only suitable for the solar reflections. 

Shining aluminum metal sheets are often used for making parabolic solar concentrators for cooking 

purpose [6]. Similarly, shining aluminum foil is used for protecting heat loss in various industrial 

applications. In the recent years, metalized polyester sheets are manufactured in bulk quantities 

across the globe, which is mainly used in the packaging purposes for food and pharmaceutical areas 

[7]. These metalized polyester sheets are industrially manufactured by coating the vapourised 

aluminum metal atoms over polyester sheet rolls inside a vacuum chamber using dedicated vacuum 

coating machines [8]. Usually, the thickness of the aluminum metalization is about 20 – 30 nm, 

which gives a very bright shining surface to the polyester sheet. The thickness of polyester sheet 

varies from about 8 m to 100 m depending the usage. These metalized polyester sheets are either 

further laminated with other poly-sheets or used as it, for making various packaging purposes, such 

as for foods or medicines.  

                        

Figure 4. Metalized polyester sheet roll   Figure 5. Metalized poly pouch available 

available in the market for packaging purpose.  in the market for food packaging 
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Polyesters include polyethylene terephthalate (PET) and other type of polymers. Sometimes, 

metalization of polypropylene (PP) sheets are also made for certain kind of packaging purposes. 

Metalized polyester sheet rolls of thickness of about 12 m and width of about 805 mm used for 

packaging purposes is shown in Figure 4. Metalized polyester pouch usually available in the local 

market for packing various foods both hot and cold is shown Figure 5.  

These metalized polyester sheets are usually further laminated with other polyester sheets and 

coloured printed with different brands and their product details. Such types of sheets are these days 

found in several types of food/snacks packages those we encounter in our daily life. To name a few, 

ready to eat fried moong dal (Figure 6), biscuits (Figure 7), chocolates, turmeric packet, and many 

others.  

                                                    

Figure 6. Fried moong dal packets available in the market (left) outside view, (right) inside view 

 

                                             

Figure 7. Biscuit packets available in the market (left) outside view, (right) inside view 
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Metalized polyester sheet procured from the local company, was analysed in the laboratory for 

its total thickness, aluminum coating thickness and adhesion of aluminum over the polyester sheet. 

It was found that the total thickness of the metalized polyester sheet was about 10 m, which is very 

close to the reported value (12 m). However, the total thickness of the biscuit packet sheet, the 

fried moong dal packet sheet and the metalized poly pouch was higher than that of the metalized 

polyester sheet. A known size of the metalized polyester sheet was dipped inside a dilute 

hydrochloric acid for removing the metalization. It was observed that initially there was no reaction 

of the sheet with the dilute hydrochloric acid, however after a few hours the metal was removed 

from the sheet leaving behind a perfect transparent polyester sheet. The thickness of metalization 

was estimated (by assuming the density of aluminum as 2.7 g/cc [9], which is the bulk density and 

in the higher side as far as the density of aluminum over the metalized polyester is concerned) to be 

about 16 nm, which is also very close to the reported value (20 nm). The reflectance spectra of this 

metalized polyester sheet were recorded using a spectrometer in the reflectance mode, and was 

found to have reflectance ≥ 85 % in the entire NIR/IR range (Figure 8). This value is very close to 

the reported value (> 90 %) of the reflectance of metalized polyester sheets [10].  

 

 

Figure 8. Reflectance spectrum of metalized polyester sheet recorded in a spectrometer 
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Therefore, it was obvious to think of using such types of metalized polyester sheets as good 

candidates for solar reflector purpose. However, the shape of the surface plays an important role in 

the final output due to the reflection. A concave surface will try to concentrate the radiation and 

thereby increase the temperature at a certain focus point. And therefore, such highly reflective 

metalized polyester sheets could be used for making paraboloid solar concentrator for domestic 

cooking as well as other usages. Whereas convex and flat surfaces will try to diffuse the radiation 

and therefore there won’t be any increase in the temperature at any point above it (Figure 9).  

 

   

Figure 9. Schematic representation showing solar reflection from three different types of surfaces 

of metalized polyester sheet 

 

Solar radiation falling over the roof top of houses are mostly absorbed by the concrete, steel and 

other materials used in the roof and which leads to a rise in its temperature. This heated roof then 

radiates heat inside the house and therefore we feel hot in the room during the summer (Figure 10 

left). In order to keep the inside of the house cool, people use fan, desert air cooler or air conditioner 

(ac), which needs energy. Moreover, just using fan does not give a cooling effect, it only circulates 

air inside the room. Ceiling fan rather gives a hot air as it is directly fixed to the roof, which is 

already heated up during the day time. In order to get rid of heating up of the roof top, there are 

some kind of solar reflector paints are available in the market, which is just painted over the roof 

top to reflect the solar radiation. However, the efficiency of such paints is very low and it dets 

damaged upon exposure to the Sun leading to its lower lifetime. People also put various kinds of 
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bioproducts like, paddy straw, palm leaves, coconut leaves, etc over their roof to get rid of summer 

heat. In all these cases the wall heating is not considered, which also contributes to the overall room 

heating even though its contribution is less than that due to the roof top. Therefore, it is expected 

that if such type of metalized polyester sheet would be coated over the roof top then it will reflect 

solar NIR/IR radiation back to the atmosphere. So, there won’t be any heating up of the roof and no 

rise in the temperature inside the house (Figure 10 right). In this way the heating of inside the 

house could be easily avoided without spending any energy. Moreover, as the strength of this sheet 

is quite good and not get easily tore, it could even protect the roof from water during the rain. The 

fixing of these sheets on the roof/terrace and wall could be easily done by using commercially 

available adhesive glue. In this regard, such metalized polyester sheet was spread over the roof of a 

car kept under the Sun during a hot Sunny day. It was observed that the temperature inside the car 

was bearable without switching on its ac, without getting heated of the sheet. This observation 

proved its usage to protect from the solar heat.  

 

              

Figure 10. Schematic representation showing the solar radiation falling on the roof top (left) 

without covered with metalized polyester sheet, (right) covered with metalized polyester sheet. 

 

The bright reflective surface of the metalized polyester sheet is no doubtedly a very good 

candidate for the solar reflection. However, its brightness is too high to be tolerable by our eyes and 

becomes very difficult to see it under the Sun. Therefore, a slight modification of this sheet was 
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conceived. This sheet reflects the whole solar radiation from UV to IR and the UV/Visible part of 

the reflection catches our eyes (Figure 11 left). So, if a material which has absorption only in the 

UV/Visible region, coated over its surface then the coated metalized polyester sheet will reflect 

only the NIR/IR radiation. This would be the most ideal material for the purpose of getting rid of 

solar heat. In this regards, transition metal oxides (MO) will be the better candidates as they have 

absorption in the UV/Visible region of the solar spectrum (Figure 11 right). Different types of MO 

have different colours which would be very attractive instead of irritating to the human eye. For 

example, Fe2O3 is brown red, CuO is brown, Cu2O is red, Cr2O3 is green, and so on.  

 

     

Figure 11. Schematic representation showing the solar reflection from (left) metalized polyester 

sheet, (right) metalized polyester sheet coated with a thin layer of metal oxide  

 

In this regard, a thin coating of Fe2O3 was done on the metalized polyester sheet at the polyester 

side only, as the aluminum coating reacts with Fe2O3 leading to the disappearance of bright 

aluminum surface. In another sheet, a very thin layer of a locally available maroon coloured acrylic 

paint was manually coated over the metalized polyester sheet (i) at the metalization side, (ii) at the 

polyester side separately.  

The temperature at different distances from the IR lamp was monitored without keeping any 

sheet below it. It was observed that the temperature at a distance of about 15 cm was around 47oC 
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(Table 1), which is the summer temperature at several places in India. It is usually observed during 

the summer in India that it is very difficult to walk bare foot on the roof/terrace in the day time. 

This certainly indicates that the temperature of the roof/terrace beyond 60oC due to continuous 

absorption of solar heat.  

 

Table 1. Temperature measured at different distances from the IR lamp without keeping any sheets. 

Distance (cm) Temperature (oC) 

5 96 ± 2 

7 84 ± 2 

10 70 ± 1 

12 55 ± 1 

15 47 ± 1 

 

The temperature just above and just below the sheets kept at a distance of 15 cm from the IR 

lamp was monitored. Different types of commercially available metalized sheets are tested in this 

experiment (Table 2). It was observed that the temperature just above these sheets are above 65 oC. 

Whereas the temperature just below the sheets is around 34 oC, except that in the case of normal 

white paper, and food/snack packets with printed side up. In these cases, it was noticed that the 

temperature of the metalized sheets never rises beyond 36 oC, except in the case of normal white 

paper, and food/snack packets with printed side up, where there was a slight increase in their 

temperature however was very much tolerable.  

All these results confirmed that the metalized plastic sheets could be used to protect us from the 

solar heat during the summer. In this context, it could be easily thought of using such materials in 

making different kinds of hats to protect our head from the solar heat while moving outside or 

working under the Sun during summer. These sheets could be easily fixed over the roof top of trains 
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and buses to avoid the heating of their roof tops, which otherwise makes the travel in non-ac 

coaches very difficult during the summer.  

 

Table 2. Temperature measured at two different positions, with the sheet kept at about 15 cm 

distance from the IR lamp. 

Type of material Just above the sheet Just below the sheet 

Polyester-Al sheet 66 ± 1 34 ± 1 

Fe2O3-Polyester-Al 66 ± 1 34 ± 1 

Paint-Polyester-Al 66 ± 2 34 ± 1 

Polyester-Al-Paint 66 ± 3 34 ± 1 

White paper 66 ± 1 45 ± 1 

Biscuit Packet sheet 

(printed side up) 

66 ± 1 42 ± 1 

Biscuit Packet sheet 

(reflective side up) 

66 ± 1 34 ± 1 

Moong dal packet sheet 

(printed side up) 

66 ± 1 38 ± 1 

Moong dal packet sheet 

(reflective side up) 

66 ± 1 34 ± 1 

Polyester-Al pouch 66 ± 1 34 ± 1 

Gift wrapper sheet 

(printed side up) 

66 ± 1 34 ± 1 

Gift wrapper sheet 

(reflective side up) 

66 ± 1 34 ± 1 
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Similarly, various other kinds applications could be thought of using such metalized plastic 

sheets. These sheets are even expected to protect the roof from water leakage during the rainy 

season. Different coloured top surface could be made as per the choice by using different metal 

oxide layers. The metal oxide could also be mixed with another layer of polyester sheet which could 

be laminated over the metalized polyester sheet.  

Even a very thin layer paint could also be given on the surface of the metalized polyester sheet 

for adding colours to the top surface, which will not affect the NIR/IR reflectivity much as seen 

from the Table 2. The lifetime of such sheets is expected to be certainly good and so people don’t 

have to spend every year for this purpose.  

It was surprisingly found that such metalized polyester sheets could even protect us from cold 

weather during the winter. These sheets were found to have normal temperature when kept outside 

during the winter, while other objects like metals, wood, etc became too cool to touch when kept 

adjacent to these sheets. A small tent house made using these sheets found to provide absolutely 

comfortable ambient temperature inside it while outside temperature is below 10 oC. An experiment 

was performed using liquid nitrogen kept inside a thermocool container from where very cold 

nitrogen vapours come out. A metalized polyester sheet was kept over the opening of this 

thermocool container. The temperature just below and just above this sheet was monitored. It was 

found that the temperature just above the sheet was more than 20 oC whereas it was less than 5 oC 

just below the sheet. However, it is expected that the temperature at a confined space like that inside 

a tent or a house would be higher than this above-mentioned value, if a tent is made up of such type 

of sheets or the inside of a house is covered with such type of sheets. This observation clearly 

confirmed that this type of metalized sheet could be used for getting protection from winter cold 

during winter season.  

It is very much clear from this study that the metalized plastic sheets which are otherwise used 

for the packaging purposes, could be potential materials for protecting ourselves during extreme 

climatic conditions. Such potential applications of these sheets are definitely expected to make the 
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used snacks/food packets/packaging sheets not to be unnoticed in the garbage bins which otherwise 

could lead to an increased burden on the environment as that has already happened in the case of 

thin plastic carry bags/packets. Such metalized polyester sheets could also provide a very 

comfortable living condition for the livestock animals like cattle, goat, sheep, chickens, etc.  

 

Conclusion 

In this study it is demonstrated that metalized plastic sheets which is mostly used in the 

packaging purposes across the globe could be potentially applied for protecting ourselves from the 

extreme climatic conditions like solar heat as well as winter cold. This is mainly because of its 

higher heat reflectivity property. The very bright shining nature of this sheet which is intolerable to 

the human eye, could be easily made tolerable by coating different colourful metal oxides or very 

thin paint coatings, which have absorption only in the UV/Visible region or very weak absorption in 

the NIR/IR region respectively, making these sheets attractive without much affecting the heat 

reflection property of the sheets. Several uses like fixing over the roof/terrace and/or walls, making 

hats, fixing over roof top of trains and buses etc. could be thought of for getting comfort during 

extreme climatic conditions. The strength of these sheets is high enough to be used for a long time. 

It is thus expected that these metalized plastic sheets could be materials for a better world if used 

properly otherwise would lead to a matter of concern for the environment.  
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