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ABSTRACT
Earth’s polar regions are losing sea ice, especially in the Arctic where around 13% of it is lost
per decade, due to the increasing solar radiation reaching the earth’s surface. The increased
solar radiation is caused by the accumulation of carbon emission in the atmosphere, which
absorbs, stores and releases the radiation back to the earth in addition to the incoming one
directly from the sun. More ice melting has raised the temperature of the atmosphere and
resulted in more natural disasters (e.g., increasing numbers of wildfires in Western U.S.) that
threaten human health and the environment. To prevent this global climate crisis, there are
several promising solutions, such as injecting aerosol particles in the stratosphere, brightening
marine clouds, and modifying ocean albedo using microbubbles. However, to implement these
potential permanent solutions, more time is required to understand their side effects and identify
mitigating actions. Since natural disasters continue to harm human health and the environment,
immediate and safe solutions to even slow down the ice melting is necessary.

Here, diverse white surfaces have been investigated as radiant barriers to delay the ice
melting. Using a home-made environmental chamber, it is determined that the inner white
surface of eggshells floated on water with ice can effectively reflect thermal radiation and delay
ice melting 15% longer than the control (i.e., only water with ice). Additionally, there is a tipping
point where the developed method is no longer effective after a certain amount of ice has
melted away, indicating that early actions to prevent the ice melting and further mitigate the
global climate crisis will be critical. In 2020, 86,670,000 metric tons of eco-friendly eggshells
were produced worldwide. Therefore, implementing eco-friendly, sustainable eggshell layers is
expected to be an immediate, feasible action that can contribute to reducing the natural disaster
and protecting human health and the environment.
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a. Rationale: Wildfires have become an increasingly serious threat to human health and the
environment, and this has become obvious, especially in Western United States, in recent
years. Frequent wildfires result from a hotter and drier climate, also known as a heat dome,
worsened by melting polar ice caps (Zou et al., 2021; Javaheri et al., CNN, 2021; Li et al.,
2022). Approximately 13% of Arctic sea ice is lost per decade (NASA, 2021; Hancock, L.,
WWF), due to an increase in carbon emission in the atmosphere absorbing, storing and
releasing solar radiation to the surface of the earth, along with the radiation directly coming from
the sun (Figure 1). As a result, more solar radiation melts the sea ice and heats the ocean and
atmosphere that consequently worsen natural disasters (Schäfer et al., 2015). To address this
challenge, the research has focused on the reduction of incoming radiation that resulted in
promising solutions, such as deploying aerosol particles in the stratosphere, brightening marine
clouds, and modifying ocean albedo using microbubbles (Schäfer et al., 2015; Seitz, R., 2011).
While these approaches can be permanent solutions, an evaluation of side effects before
implementation is still required. Since continuous ice melting significantly increases chances of
natural disasters (e.g., wildfires) and threatens human health and the environment, immediate
and safe solutions to even slow down the ice melting is necessary until permanent solutions are
fully developed.

Figure 1: The chain reaction of the global climate crisis. Increased carbon emissions end up in
natural disasters that threaten human health and the environment. Potential engineering

solutions may be applied to stop or delay one of the process components (e.g., ice melting) to
prevent or reduce the reaction.

b. Research question (central hypothesis): Since the color white reflects all the visible
wavelengths more than any other colors, the central hypothesis is that the white surface of



eco-friendly, sustainable materials that are floated on water with ice can effectively reflect the
thermal radiation and delay water heating and ice melting.

Goal 1. Understand relationships between materials properties and water heating. In this
Goal, using a home-made environmental chamber, various materials will be assessed to
determine how materials’ properties, such as color, type, and thickness affect water heating
under thermal radiation. The experimental procedure and adapted analysis methods are
described in section c (Materials and Methods). To achieve Goal 1, two subgoals are
established as follows:

Goal 1-1: White surfaces of objects are known to reflect all wavelengths of visible light,
and thus, the thermal energy of sunlight is neither absorbed nor conducted through the
white surfaces as it would through others. The hypothesis is that the white surface
delays water heating by reflecting thermal radiation. To test this hypothesis, materials of
different colors (e.g., black, and blue) on water will be compared to white surfaces to
determine if the color white would reflect the most thermal radiation.
Goal 1-2: The hypothesis is that white surfaces of different material types or thicknesses
affect the reflection of thermal radiation and water heating under the surfaces. To test the
hypothesis, various floatable materials on the water will be evaluated by measuring the
water heating rate.

Expected Outcome of Goal 1: Elucidation of materials' properties (i.e., color, type and
thickness) that effectively reflect thermal radiation on the water surface.

Goal 2. Engineer eggshells as an effective radiant barrier to slow down ice melting. It is
necessary to find a white-surfaced material in large quantities in order to create a radiant barrier
that delays ice melting in polar regions. In order to mitigate environmental issues, it is crucial to
use eco-friendly and sustainable objects rather than ones that can be potentially harmful to
marine life. Approximately 86,670,000 metric tons of eco-friendly eggs were produced in 2020
worldwide (FAOSTAT, 2020). In addition, the inner surface of eggshells is white, making them
suitable for evaluation in this Goal. It is hypothesized that an engineering geometry of
eco-friendly, sustainable eggshells can act as the effective radiant barrier and decrease the
rates of water heating and ice melting. To test the hypothesis, two subgoals will be executed as
described in the following:

Goal 2-1: To identify an eggshell layer that effectively reflects thermal radiation and
prevents or delays the water heating, processing parameters to prepare the eggshell
layer—densities (e.g., crushed or hemispheric eggshells) and number of eggshell layers
(e.g. 1 layer, 2 layers, 3 layers,...)—will be investigated.
Goal 2-2: The purpose of this project is to delay the ice melting in the polar regions. In
this subgoal, the experiment in Goal 2-1 will be further explored by adding ice in water to
evaluate the effect of slowing down the ice melting by the selected eggshell layers. By
altering the amount of ice, the effect on the rate of melting ice will be examined to



determine whether or not there is a tipping point where the method is no longer effective
once too much of the ice melts away.

Expected Outcome of Goal 2: It is expected that 1. the usage of white inner surface of an
eco-friendly, sustainable eggshell as a thermal reflection object; 2. the geometry of eggshell
layers that most effectively performs as an effective thermal barrier; 3. the delayed ice melting
time using the eggshell layers compared to the control without the mitigating method; and 4. the
amount of ice required for effective performance of the eggshell thermal barriers.

Summary and Societal Impact:
This project will determine whether the white inner surface of eco-friendly, sustainable eggshells
will be the effective thermal barrier to slow the water heating and ice melting. In the near future,
if this method is implemented in the polar regions, this can slow down the reduction of sea ice
and the heating atmosphere. Consequently, the eggshell layer can reduce natural disaster,
wildfires, and significantly benefit human health and the environment.

c. Materials and Methods
Materials

● 14.5” x 48” x 0.75” styrofoam (INSULFOAM, Puyallup, WA)
● Gorilla glue (Gorilla Glue Co., Cincinnati, OH)
● Fast Cure Marine Sealant (Henkel Loctite, Rocky Hill, CT)
● 12” x 24” cold rolled steel expanded sheet metal (The Hillman Group, Cincinnati, OH)
● 50 W basking spot heat lamp (OMAYKEY)
● Sun dome (Fluker’s Cricket Farm, St. Allen, LA)
● Thermometers (SEOH, Houston, TX)
● Storage container bin (Container Store, Coppell, TX)
● 30 Gallon tote box (Sterilite, Townsend, MA)
● White plastic tablecloth (Brother Sister Design Studio, Oklahoma City, OK)
● Appliance epoxy spray paints (Rust-oleum, Vernon Hills, IL)
● Adhesive spray (3M, Saint Paul, MN)
● Cleaned eggshells

Home-made Environmental Chamber: To make the environmental chamber, six 19.25” x 14.5”
styrofoam pieces and three 14.5” x 13” styrofoam pieces will be prepared. Two 19.25” x 14.5”
pieces and two 14.5” x 13” will be used to form the lateral sides of the box. Two 19.25” x 14.5”
pieces will be stacked and glued to create the bottom of the chamber. The third 14.5” x 13”
piece will divide the chamber into two spaces. To adhere the styrofoam pieces together, Gorilla
glue will be used, and then Fast Cure Marine Sealant will be applied where two styrofoam
pieces meet each other. To make the lid of the chamber, two 8.75” x 11” openings will be cut out
from the last two 19.25” x 14.5” styrofoam pieces with a dividing piece in between the openings,
which will align with the divider in the chamber. A 12” x 24” cold rolled steel expanded sheet



metal will be placed between the prepared pieces with openings, and then all will be glued
together to keep the sheet metal in place. Throughout this process, two chambers will be
prepared to perform two experiments at the same time.

The light/heat source will be a 50 W basking spot heat lamp with a sun dome and will be
placed on the sheet metal, exposed by two openings at the chamber lid. Each chamber or
opening on the lid will have its own lamp.

In each chamber, a storage container bin with 3.0 L of water or with ice will be located.
Moreover, to monitor the temperature, two thermometers will be prepared in each chamber. One
thermometer will be attached on the side of the chamber to measure the air temperature while
the other one will gauge the in-water temperature.

To prevent any accident during the experiments using the environmental chamber that
may leak or flood water outside the chamber, the chamber will be placed in a tote box.

Floating surface preparation: In Goal 1 experiments, tablecloth and styrofoam with various
surface colors will be prepared to understand the relationship between materials properties and
water heating rates. Various surface colors will be prepared by spray painting tablecloth or
styrofoam. .

In Goal 2 experiments, diverse eggshell layers will be prepared. A layer will be prepared
with hemisphere eggshell shape. Cleaned eggshells will be cut in half and adhered side-by-side
using a hot glue gun. Another layer will be prepared with crushed eggshells. Eggshell shards
will be put on the flat surface and glued together with an adhesive spray.  Eggshell multi-layer
will be fabricated by gluing more crushed eggshells on top of the previous layer with the
tablecloth.

Procedure and Data Collection: Prepared floating materials will be placed on the water in the bin
located on one side of the environmental chamber. The control without the floating materials will
be located on the other side of the chamber. In Goal 2-2, the experiment will be conducted with
ice. For this experiment, the water will be cooled in the refrigerator overnight to avoid
uncontrolled ice melting by warmed water (if stored at room temperature) and not by the thermal
radiation.

Before turning on the lamps, all four thermometers, two to measure the air temperature
while the other two to measure the water temperature, on both sides of the chamber will be
recorded as the initial temperature. After the recording of temperature (t = 0), the lamps will be
turned on, and the temperature change in the water will be collected every hour up to 8 hours
(i.e., 1, 2, 3,..., 8 hrs). The data collection takes up to 8 hours because the sun is usually up for
that time period when the sea ice is susceptible to melting. For Goal 2-2 experiments, the
measurement time is unlimited, as it will be important to evaluate the effect of the eggshell
layers on delaying time to melting ice completely compared to the control while measuring water
heating rates.

Risk and Safety
● The lamps may be very hot after being active for hours. Heat resist gloves will be used

when handling the lamps.



● To prevent any accident from the use of the environmental chamber that may result in
leaking or flooding water outside of the chamber, the chamber will be placed in a tote
box.

● The sheet metal in the lid may have sharp corners and thus, the lid should be treated
with care.

Analysis: All experiments will be prepared in at least triplicate and analyses will be run as
independent replicates (i.e., different experimental conditions). All quantitative data will be
analyzed using descriptive statistics (e.g., mean ± standard deviation) of relative temperature.
The relative temperature will be calculated by comparing recorded temperatures in each interval
relative to the initial temperature (t = 0). The lower the relative temperature value is, the more
heat is being kept out of the water. All determined relative temperatures will be graphed as a
function of time, and the water heating rates will be compared by the slopes in each graph. The
slope will be measured by using the graph function in Google Sheets and in Excel programs. In
Goal 2-2, the temperature will be recorded until the ice visibly disappears and the relative
temperature begins to increase at greater rates, which indicates complete ice melting. This
quantitative data will describe how long the prepared eggshell layers will be able to delay
complete melting of ice, compared to a control without the layers. Differences among
experimental groups will be evaluated for the statistical significance using a student T-test.
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