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Abstract

The project titled “Zero Emission Radiative Cooling for Automobile Industry” explores the
potential of using radiative cooling technology to complement, rather than replace,
traditional vehicle cooling systems. The objective is to reduce the thermal load on
conventional cooling techniques, thereby contributing to fuel savings and lowering energy
consumption in vehicles.

The team conducted extensive experiments exploring the use of radiative cooling in
automobiles. Prototype demonstrated a temperature reduction of approximately 2.7°C at
night, which is higher than similar experiments. The system's performance was tested under
varying weather conditions,both during day and night, highlighting the effects of sunlight
and cloud cover on the cooling process.

While the project is partially completed, the results are promising and demonstrate the
system’s potential to reduce the load on conventional cooling mechanisms. This research
represents a step towards integrating sustainable technologies in vehicle design to support
energy conservation in the automotive industry.
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Project Objectives

Our project had the following objectives:

1. To understand whether radiative cooling can be used as a potential passive cooling

technique in vehicles.

2. Studying the cooling rates under dynamic conditions and making efforts to improve

convection shields.

3. Predicting the break-even point of radiative cooling technology in Indian climate

conditions.

4. Calculating the approximate energy saved in the process and whether it is practical

economically to use radiative cooling in vehicles.

Now we will perform experiments to find answers to each of them.

Research Methodology

Instrument Selection
Temperature sensors form the core of our experiment. So, inaccuracies in the data will lead
to wrong analysis. Further we cannot validate our results and thus we cannot make our
experiments repeatable and reproducible. So here is the accuracy and precision data of the
instruments used in this experiment.We have used a mercury thermometer to display the
true value. However, its least count is 1 . Since we expect to have small temperature℃
differences, we preferred to use such sensors which can measure at least up to 1 digit after
the decimal.

Care is taken to handle instrument errors, if any. All data presented here are after necessary
corrections have been done.
For overnight data, or periodic data collection, we used pre-calibrated data loggers. It can be
used to change the interval after which reading needs to be taken.
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Sl. No Name of Instrument Accuracy
1 Mini Digital LCD

Thermo/Hygrometer
Temperature ±1°C
Humidity ±5%

2 Glass Mercury Thermometer ±0.1°C
4 Digital Thermo/Hygrometer with

clock
Temperature ±1°C
Humidity ±5%(35%-75%)

5 Anemometer Air velocity ±5%
Air temperature ±2°C

6 USB Temperature Data Logger Temperature ±0.5°C;
Range:-5.55°C-70°C



Selection of Radiative material and Convective Shield
Several compounds have been mentioned in literature which demonstrate passive radiative
cooling. Recently several photonic crystals have been developed which have much better
performance and can achieve cooling even under direct sunlight.

However, aluminium foil and scotch tape combination is chosen because it is low cost, and
easily available.

Objective 1
To test whether radiative cooling can be used as a potential passive cooling technique in
vehicles, we perform a series of experiments.

Experiment 1 ( Day time)
An aluminum sheet metal was cut to form a scaled down replica of a commercial vehicle like
the Maruti swift, which is commonly used as a taxi in Kolkata.
The box was placed under direct sunlight on a hot sunny day in the month of August, 2024.

Observations: Here are the readings:

Material aluminium box shaped like a vehicle,

Convective Layer Aluminium plate, covered with 15 micron
aluminum foil.
Convective shield: Scotch tape

Surface area to Volume ratio 0.211 -1 𝑚𝑚

Ambient temperature 34.9°C

Steady state temperature 36.8°C

Temperature drop Temperature did not decrease but rather
increased.

Remarks Inside of the box attained higher
temperature as compared to ambient. This
effect was similar to what is observed when
a car is placed under direct sunlight. So the
concept of radiative cooling could not be
achieved in this case.
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Inferences:
1. The mass of air inside the box might be just too high for the radiation to cool, and

the effective radiative surface area of the car was not enough. So it was decided to
try the concept on a smaller scale before shifting to the full scale model.

2. Also it was observed that small air bubbles were trapped in between the aluminium
foil and the sheet metal, decreasing the effective conduction of the metal sheet.

Experiment 2 ( Day time)
A small box made of cardboard ,was used to try and prove the concept of radiative cooling.
We used mercury thermometers to record temperatures inside the box and the ambient
temperature. Then the difference in temperature is recorded.

Observation:

Material cardboard box

Convective Layer Cardboard box covered with aluminum foil
of thickness 15 micron.
Convective shield: Scotch tape 2 layers

Ambient temperature 34.2°C

Steady state temperature 33.6°C
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Temperature drop 0.6°C.

Remarks We observed fractional temperature
differences. However, the experiment was
very unreliable as the temperature
difference could not be observed at all
times of the day.

Inferences:

1. The performance of radiative cooling depends highly on weather conditions. In a
cloudy environment, the drop could not be observed.

2. The cardboard box needs to be replaced with conducting metals.
3. The surface area to volume ratio needs to be changed, and the experiments to be

repeated to test the extent of radiative cooling.
4. A data logger should be used to make the readings more consistent, accurate and

reliable.

Experiment 3 ( Night time)
We used the same cardboard box, but replaced the top of the box with a aluminium sheet

Observations:

Material Box with 5 sides made of cardboard
dimensions cm , the top27×16 × 6
surface is replaced with aluminium metal

Convective Layer aluminum metal covered with aluminum
foil of thickness 15 micron. Convective
shield: Scotch tape 2 layers

Surface Area to Volume ratio 0.166 -1 𝑚𝑚

Ambient temperature 30.9°C

Steady state temperature 27.8°C

Temperature drop 3.1°C (night)

Remarks The experimental results align with findings
in the literature, confirming that radiative
cooling is significantly dominant on a clear
night.
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Inferences:
Variations in ambient temperature must be taken into account for more accurate
measurements. Environmental temperature fluctuations may affect the internal
temperature of the box, potentially compromising the integrity of the experiment.

Experiment 4: (Day time)

The vehicle is not a completely enclosed space; it has windows that allow sunlight to enter,
adding heat to the interior environment. To accurately simulate this radiative load, a
transparent plastic box is used. The aluminium layer on top acts like a roof, simulating the
condition of direct, diffuse, radiative cooling loads.

Material plastic box with dimensions
tin sheet on top40 ×23 ×  14 𝑚𝑚

Convective Layer aluminum foil of thickness 10.5 micron,
covered with scotch tape 1 layer.

Surface Area to Volume ratio 0.209 -1𝑚𝑚

Temperature drop Max drop: 1.30°C
Min drop: -0.20°C (above the ambient
temperature)
Average drop: 0.46°C

Remarks Despite the weather being cloudy, the
temperature drops were not significant
enough.

Page No: 12



Inferences:

Page No: 13



Temperature drops have not been significant primarily due to a single radiating surface. So,
in an actual vehicle, where radiative load will be significant, radiative cooling with aluminium
foil and scotch tape as a radiative surface will not be effective at day time.

Experiment 5: (Day time)
The vehicle is made up mostly of aluminium

Material aluminium box 23 ×17 ×  8 𝑚𝑚

Convective Layer aluminum foil of thickness 10.5 micron,
covered with scotch tape 1 layer.

Surface Area to Volume ratio 0.329 -1𝑚𝑚

Temperature drop Max drop:7.94°C
Min drop: 1.34°C
Average drop: 2.77°C

Remarks The experiment was conducted on a cloudy
day, and the sudden temperature spike
occurred when the sun briefly appeared.
The temperature inside the box lagged,
which prevented a significant increase.

The temperature drop obtained is higher
than what is achieved in other experiments.
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Inferences:
The experiment shows such a high difference in temperature because of a cloudy day, when
the solar radiation is low. The experiment needs to be repeated under similar conditions on
a bright sunny day to test its performance.

Experiment 6:(Night time)

Material aluminium box 23 ×17 ×  8 𝑚𝑚

Convective Layer aluminum foil of thickness 10.5 micron,
covered with scotch tape 1 layer.

Surface Area to Volume ratio 0.329 -1𝑚𝑚

Temperature drop Max drop: 2.84°C
Min drop: 0.74°C
Average drop: 2.32°C

Remarks The experiment was conducted on a cloudy
night.
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Final conclusion on objective 1:
1. High Surface Area to volume ratio: From a series of experiments we have concluded

that higher surface area to volume ratio, the better temperature drops can be
achieved. Higher volume means higher thermal inertia, and thus resulting
temperature drops are lower.

2. So to achieve significant temperature drops, larger radiative surfaces are required.
Hence it might not be sufficient if only the roof of the vehicle acts like a radiative
surface.

3. Best weather conditions for radiative cooling are cloudy day and clear night. Under
such conditions, even during the day temperature drop of 2°C below the day is
possible.
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Objective 2
This objective focuses on studying cooling rates under dynamic conditions. It includes:

● Simulating the heat loads generated by both the passengers and the engine.

● Conducting experiments to measure cooling performance while the vehicle is in

motion.

Simulation of Heat Loads

There are several thermal loads that the air conditioning in the vehicle needs to work against

to achieve cooling. Some of them include metabolic load, radiation load, engine load, etc. In

this Experiment we simulate the metabolic loads.

The metabolic activities inside the human body constantly create heat and humidity (i.e.

perspiration). This heat passes through the body tissues and is finally released to the cabin

air. This amount is considered as a heat gain by the cabin air and is called the metabolic load.

According to ANSI/ASHRAE Addendum g to Standard 55-2010, Thermal Environmental

Conditions for Human Occupancy, the estimated heat generation for a driver and a seated

passenger is 85 W/m² and 55 W/m², respectively. Therefore, to simulate the thermal loads,

we need to generate 55 W of heat per square meter for a person seated inside the vehicle.

Experiment 7: With heat load, Day time

Material aluminium box 23 ×17 ×  8 𝑚𝑚

Convective Layer aluminum foil of thickness 10.5 micron,
covered with scotch tape 1 layer.

Surface Area to Volume ratio 0.329 -1𝑚𝑚

Temperature drop Max drop: 1.9°C
Min drop: 0.74°C
Average drop: 2.32°C

Remarks A 100 W light bulb was used as a heat
source and was operated in the range 70-80
W by using a variable resistance (rheostat).
The experiment was conducted on a cloudy
day.

Page No: 18



Page No: 19



Simulation of Speed of Vehicle

The vehicle moves at a certain speed. The average speed of a taxi on the roads of Kolkata is

maximum 60 km/hr. Performing heat transfer calculations, it was determined that due to

convection heat transfer from the surface, the temperature drops will decrease. However,

that is something which is not desired. So a convective shield needs to be used.

However, according to market research, fans/ blowers which are readily available, and easy

to use cannot produce such high velocity. So we need a nozzle to increase the speed.

We have already designed the CAD model of the nozzle. But its manufacturing and testing is

incomplete due to the lack of funds.
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Conclusion

In conclusion, our project has successfully demonstrated that radiative cooling using a

simple combination of aluminum foil and scotch tape can serve as an effective passive

cooling technique. This approach achieved notable temperature reductions, highlighting the

potential of low-cost materials in cooling applications. However, in recent years, several

advanced compounds have been synthesized with more promising radiative cooling

performance, which could be explored for even greater efficiency in future studies.

Regarding the remaining two objectives, our designs are finalized and ready for the

manufacturing phase. Once manufacturing begins, we anticipate validating our design's full

potential and testing its utility under more operating conditions. This progress marks a

critical step toward further optimizing radiative cooling solutions, contributing to energy

savings and sustainability in the automotive sector and beyond.
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Cost Report

Serial
No. Item Quantity Price

(INR) Bill Link

A Non Recurring (Capital Items)

1 11/2 inch nut 10 70 Nut_bill.pdf

2 Aluminium Sheet 2x61/2 1 494 Al sheet_…

3 Aluminium Sheet Roll 1 720

4 Rheostat 8 inch(50 ohm 2A) 1 799 Rheostat…

5 Glass Mercury Thermometer 1 345 Mercury t…

6 Scotch Tape 1 225 Scotch T…

7 Mini Digital LCD Thermo
Hygrometer 1 136

Thermoh…
8 Digital Thermo Hygrometer with

clock 1 725

9 Holder 1 20

Bulb_bill.…

10 Wire 10 gauges 80

11 100 W bulb 1 22

12 60W bulb 1 30

12 6 W 1 22

13 2 pin top 1 20

14 Mini Digital LCD Thermo
Hygrometer 1 185 digital th…

15
Freshwrapp Aluminium Foil 10.5
micron , width 300 mm, 72 m 1 599 aluminiu…

16 100 ohm 0.25W resistor metal
film resistor (pack of 100) 1 29

robu bill …

17 330 ohm 0.25W resistor metal
film resistor resistor (pack of 100) 1 29
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https://drive.google.com/file/d/15Phxq0yXW7BBYmRubUfyCuxKm4krfm_9/view
https://drive.google.com/file/d/1D5M27L7kzWbQksY4R7Dt1cTj2Z9bg_SH/view
https://drive.google.com/file/d/1dE7-c_VvoogUqJPG7fw3dEKlIC98-9Pm/view
https://drive.google.com/file/d/1cQgi23XoAELkRma_06lZJnZ9QTlFG7zP/view
https://drive.google.com/file/d/1-Z_nKFsv2txVguUjd0ekhucYDpRdIRbW/view
https://drive.google.com/file/d/1SRze6IC_yiWv6PoQmHPY_lJnL7QYDCey/view
https://drive.google.com/file/d/1Rgr9dmxIrKrPA5H8c7A7Efvbv7C8KI3l/view
https://drive.google.com/file/d/1y8KkFGkxBejfi_M1dVEClbFrFOr9K-6G/view?usp=sharing
https://drive.google.com/file/d/1pnQs7C6dydmZXmDxudKiAAShZPP5YLWa/view?usp=drive_link
https://drive.google.com/file/d/1wAtlRvHk_7-6of9mra4HUzL1mm0yLjVt/view?usp=sharing


18 digital multimeter LCD 1 169

19 Standard shipping 1 99

20 aluminium foil 1 50 aluminiu…

21 anemometer 1 1000 anemom…

22 Temperature Data logger 2 4000 data logg…

23 Thermocol box for insulation 1

440 thermoco…24 aluminium foil 1

26 Heavy Duty Staple gun 1 750 staple gu…

27

Manufacturing Expenses

Sub Total

Aluminium Sheet work-1 300

Aluminium Sheet work-2 300

Riveting/Machining Works 250

1050

Grand Total 11908

B Recurring Cost

1
Consumables (Cellotape,
Electrical tape, Fevicol, etc) 558

2 Travel 672

3 Other Costs 500

C Total Cost of project so far 13638

Bills Attached
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https://drive.google.com/file/d/1MBOGPToQjlaGQHnwsqSE5DE77QqkGCcz/view?usp=sharing
https://drive.google.com/file/d/1N5LaxDHATQ9S__TZXSoiXBwqT5BC3gGN/view?usp=sharing
https://drive.google.com/file/d/1IzjvjqBTa2JF428o_BqKgpJcQPG9QRSF/view?usp=drive_link
https://drive.google.com/file/d/1xmls1l9lyj1bPwrAQmtd1QRRe1ckj-C-/view?usp=drive_link
https://drive.google.com/file/d/1rovzPnna3mUYjBTV6Pxt2rsy9Wwhk0_w/view?usp=drive_link

































