ClimeFilms®:
Temperature Responsive
Films for Cost-effective
GREENLINE  |nhdoor Climate Control

Grace Sturrock, Will Swofford, Yufan
Hu, Kiran Nyaupane, & Alyssa Felix
Thayne



The Expense of Energy

GREENLINE

« Heating and cooling is a Annual Home Heating and Cooling Cost

major cost for all

Total Cost of Ownership @Annual Fuel Cost

o Cost exacerbated by loss of
energy through windows . o 63
o Lo§s of heat ?n cold weather sa000 . I I .
o Gain of heat in warm weather s2:313
e For 2,000 sq. ft. home .
annual costs average
~$2,313-3,213
« Average office building is e s fmemes Coccinse G e
~20,000 sq. ft. woemvalAr  wCenraAr  wicemaiAn

@ Cooling @ Heating

U.S. Energy Information Administration (EIA). https://www.eia.gov/todayinenergy/detail.php?id=21152 (accessed 2024-06-06).
conEdison - North Western Electric Heating and cooling Comparison Calculator.



The Expense of Energy

Ecological toll from energy

consumption
o Emission of greenhouse gases
o  Water pollution
o Thermal pollution

Heating/cooling accounts for
about half of global energy

consumption
o contributes to climate change
m Causes higher energy
usage
m Energy demand for cooling
expected to increase 45%
by 2050

GREENLINE

Breakdown of CO2 Emissions within the Home
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Water Heating
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Other
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Source: Copber Smarter Practical Steps for Low Carbon-Living, Expert Advice from the Union of Concerned Scientists

https://www.irena.org/Innovation-landscape-for-smart-electrification/Power-to-heat-and-cooling. (accessed 2024-06-06).




Minimizing Financial and Energy Costs

GREENLINE

o Heat gain/loss through windows responsible for ~30% of heating/cooling energy use
o Need better climate control in building

o Common solution is energy-efficient windows

o Replacing single-pane windows with energy-efficient ones saves up to $900 per year
o Difficult and expensive to implement in pre-existing buildings

https://www.energy.gov/energysaver/update-or-replace-windows (accessed 2024-06-07).



GREENLINE’s Temperature Responsive Films for Indoor
Climate Control

Money saving Ease of Low-cost Climate
installation installation controlling

GREENLINE

GREENLINE YES YES
ClimeFilms®

Energy-efficient YES

Windows

o At GREENLINE we make temperature responsive and uv-reflective window films
o Climate Controlling Films (ClimeFilms®) help maintain more constant temperature
within buildings
m Reducing heating costs in cold temperatures
m Reducing cooling costs in hot temperatures

e Thermoresponsive pigments help keep heat in
o Spectrally specific compound helps keep UV rays out




Leuco Dyes as Additives for Thermoresponsive Films

e Leuco dyes are reversible G 2 @
thermoresponsive small molecules b :::
which can be used as additives in @ X
coatings and films 800 JNSRSpRrUNY A0

e The temperature the color change
occurs can be tuned based on the
dye

e The mode of action is typically a
reversible rearrangement driven by
some stimulus i.e. heat

GREENLINE

Molecules 2022, 27 (10), 3092.
Smartglassworld. Thermochromic Smart Glass. Smartglass World. https://www.smartglassworld.net/thermochromic-smart-glass

(accessed 2024-06-06).


https://www.smartglassworld.net/thermochromic-smart-glass
https://www.smartglassworld.net/thermochromic-smart-glass

Thermochromic Film Design

GREENLINE

e PET/TiO, outer layer will reflect high energy UV light while remaining
transparent to visible light, when hot this will reduce cooling costs

e Pressure sensitive acrylic adhesive backing with incorporated leuco dye will
turn colored when cooled, absorbing more heat energy and reducing heating

cost _ _ _
Adhesive backing with

dispersed leuco dye

/

Outer layer (PET+TiO2)

Window

Joule 2019, 3, 2457-2471.



Film production

GREENLINE

e Polyethylene terephthalate (PET) is ot e m—— corct 1
synthesized and extruded into films c:é | |
using established methods b

e Pre-extrusion, TiO, will be added
as a transparent UV reflectant into

Plastic Extrusion Coating

the PET melt

e Post extrusion, an adhesive \
backing containing leuco dye will T S T L P
be applied

Extrusion coating,Extrusion coating process,Extrusion coating machine manufacturers,suppliers,exporters.
http://www.industrialextrusionmachinery.com/plastic_extrusion_extrusion_coating.html (accessed 2024-06-06).



http://www.industrialextrusionmachinery.com/plastic_extrusion_extrusion_coating.html

Film Application & End-of-life Treatment

GREENLINE

e Application to the exterior of
the window is simple utilizing
established methods that do
not require specialty tools

e Projected film lifetimes are 10
to 15 years

e Upon removal, PET can be
recycled using current state-of-
the art plastic recycling
methods




Material Costs

GREENLINE

PET production with employee benefits, warehouse storage, transportation,
customer service, labor:

e Terephthalic acid: $0.860/kg
e Ethylene glycol: $15.45/gallon
o TiO,: $2.38/kg (1.45 wt%) —negligible

Cost per Unit: $0.62/m?

Add on: adhesive backing containing leuco dye with materials, equipment, labor

e Leuco Dye: $41.93/kg (1-10 wt%)
e Pressure sensitive adhesive: $10/kg

Cost per Unit: $13.5/m? (1,000 units) —>%$1.74/m? (1 million units) when scale
up the production



Consumer Cost Comparison

GREENLINE

Commercial Sun Blocking | Thermochromic GREENLINE ClimeFilm®
and UV Protection, one- Smartglass by Varioglass
Way Privacy Mirror
Reflective Film

Model

Technical Parameters

{8 Light transmittance : 13%

@ UV blocking : 99%

$11.84/m? $500-$1000/m? $0.62+$1.74=%$2.36/m?
Selling for $15/m? with
535% profit




Projected Energy Savings Over Time Using Applied Films

GREENLINE

Up to ~30% savings
on heating and
cooling costs using
ClimeFilm®

Savings from these applied films is projected to be up to 30% of the energy used
for heating and cooling. This would result in consumers recouping the cost of
purchase in a matter of months and reducing cost over the 10 to 15 year lifetime
of the films.

https://www.energy.gov/energysaver/update-or-replace-windows (accessed 2024-06-07).



Conclusion & Future Directions

GREENLINE

Simple application of thermochromic film that decreases the energy
consumption required for indoor climate control

Production of the films and adhesive can be easily incorporated into pre-
existing infrastructure

Incorporation of photochromic dyes allows for development of value-added
products for energy capture in the future
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