
Slowing Down Ice Melt Using Eco-Friendly, Sustainable Eggshells Towards 
Mitigating Global Climate Crisis

Purpose 
● This project seeks methods to delay ice 

melting in the polar region that can 
consequently reduce the rise in temperature 
of the atmosphere, as well as natural 
disasters, such as wildfires 

Impact 
● If the developed eggshell layer is 

implemented to the polar regions, it is 
expected to slow down the reduction of sea 
ice and the heating atmosphere

● Consequently, it is also expected to reduce 
natural disasters, such as wildfires, and 
protect human health and the environment.

Goals 
1. Understand properties of floating materials 

that can reduce water heating 
2. Engineer eco-friendly, sustainable eggshell 

layers as an effective radiant barrier that 
reduce water heating and ice melting

Approach 
● Using a home-made testing environmental 

chamber, various floatable materials will be 
evaluated to identify fundamental properties 
to delay water heating

● Various geometries of eggshells will be 
engineered to slow down water heating and 
ice melting 



In recent years, there has been a significant increase in occurrences of intense 
wildfires 

Wiley et al., tucson.com, 2021 Zou et al., Nature Communications, 2021

Bighorn Fire in Tucson, Arizona Wildfires Caused by Melting Sea Ice



Origin of sea ice melting and its negative chain reaction

Schäfer et al., 2015, EuTrace



Engineering solutions have been developed to reflect/prevent solar radiation 

Ocean Albedo Modification with Microbubbles Aerosols and Marine Cloud Brightening 

Geoengineering.global

The National Academies Press 



The importance in developing an immediate, eco-friendly solution(s)

● Problem: Without an immediate solution, natural disaster is expected to 
increase continuously.  

● Purpose:  Identify immediate methods that reflect thermal radiation to slow 
down ice melt. 

● Hypothesis: White surface of eco-friendly, sustainable materials, floated on 
water with ice, can effectively reflect thermal radiation and delay water 
heating and ice melting.

● Goals: 
○ 1. Understand relationships between materials’ properties and water 

heating
○ 2. Engineer eco-friendly, sustainable eggshell layers as an effective 

radiant barrier



Home-made environmental chamber and experimental procedure

Materials: Styrofoam, Gorilla glue, Marine Sealant, Sheet 
metal with holes, 2x 50 W heat lamps and sun domes, 4x 
thermometers, 2x storage container bins, tote box, colored 
plastic tablecloth, cleaned eggshells, water, ice

Procedure: 

1. Place floating materials in bin 
on one side of environmental 
chamber. The control without 
floating material will be 
located on other side.

2. Before turning on the lamps, 
record temperatures from all 
four thermometers (t=0). 

3. After turning on the lamps, 
the temperature change in the 
water and the air will be 
recorded every hour for 8 
hours.

Relative Temp.water = Twater (t > 0 hrs) - Twater (t = 0 
hrs) 
Relative Temp.air = Tair (t > 0 hrs) - Tair (t = 0 hrs) 



Styrofoam minimizes water heating 

Hypothesis of Goal 1-1: White surface delays water 
heating by effectively reflecting thermal radiation 
compared to other colors (e.g., black)

Black vs. White 
Tablecloth vs.

vs.
Black vs. White 
Styrofoam



Thickness of floating materials delays water heating rate 

0.25”

Negligible

Hypothesis of Goal 1-2: White surfaces of different 
material types or thicknesses affect the reflection of 
thermal radiation and water heating under the surfaces.



Eggshells: An eco-friendly and sustainable material as radiant barrier 

● Approximately 86.7 M metric 
tonnes annual egg production 
worldwide in 2020* (it is 
sustainable!)

● Inner surface of eggshell is WHITE
● Eco-friendly

PxHere

*FAOSTAT, Food and Agriculture Organization of the 
United Nations, (2020). 
https://www.fao.org/faostat/en/#data/QCL 

https://www.fao.org/faostat/en/#data/QCL


Both hemispheric and crushed single layer eggshells delay heating of water  

Counter-Clockwise: 
Hemisphere, Crushed 
Single-Layer on 
Tablecloth, Tablecloth 
on Hemisphere

Goal 2-1: Identify a geometry of eggshells that effectively 
reflects thermal radiation and prevents or delays the water 
heating



Increasing numbers of eggshell layers reduce water heating 

*: Triple Layer vs. Control at 8 hours: p < 0.05

*

Single Eggshell Layer Quad Eggshell Layer

Goal 2-1: Identify a geometry of eggshells that effectively 
reflects thermal radiation and prevents or delays the water 
heating



Crushed quad layer eggshells can delay ice melting 

● Ice melting time delayed by Crushed eggshells 
compared to control: ~15%

  **:    p < 0.01

**

Goal 2-2: Expand on Goal 2-1 by adding ice in water 
to evaluate the effect of slowing down the ice melt by 
the effective eggshell layer, selected from Goal 2-1



Discussion, Interpretation and Summary 

● Discussion and Interpretation
○ Thickness of a material is more significant to slow water 

heating than its color (Goal 1)
○ Eggshell layers work as a radiant barrier that delays ice melt 

(Goal 2) and keeps the ambient temperature cooler (right 
figure), confirming the correlation between the obtained data 
and the current phenomena in the negative chain reaction of 
the global climate crisis 

● Summary: White-surface of eco-friendly eggshell layers can: 
○ Increase ice longevity by 15% 
○ Keep ambient temperature cooler by 13% (right figure)

● Surprisingly, the eggshell layer is no longer effective once the 
amount of ice decreases 4.75x 

● Central hypothesis: White surface of eco-friendly, sustainable materials, floated on water with ice, can 
effectively reflect the thermal radiation and delay water heating and ice melting.



Implications and Ideas for Future Research 

Implications: 
1. Home-made environmental chamber can interpret temperature rise by ice melting
2. Implementing eggshell layer in the polar regions can slow down ice melting and 

consequently reduce atmospheric heating and the natural disaster, wildfires.
3. Early action is required since there is a tipping point where this method will no 

longer be effective after too much ice has melted away.

Future work:
1. Further engineer eggshell layers to identity optimal geometry for 

less dense and effective radiant barrier
2. The eggshell is known to absorb carbon molecules* (right figure). 

Studying more about eggshells’ effectiveness of carbon absorption 
will further prove the impact of the eggshell layer to prevent global 
climate crisis. 

CO2

CO2

Eggshell
*Banerjee et al., 2010, International Journal of Global Warming
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