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Objectives of the talk h m L

A Obj 1: Make the case that cooling is a real obstacle to net-
Zero transition

A Obj 2: Establish radiative cooling as a viable, electricity-free
solution to traditional cooling methods

AObj3: I ntroduce the Acol do uni
renewable resource In the fight against climate change

A Obj 4: Raise awareness in the field
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Motivation for sustainable cooling &
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Europe warming twice as fast as other continents, warns WMO




Need for Cooling and the UK 1

b  Relative ACDD,; from 1.5 °C to 2 °C N
Toptencountriesby rel-ACDD,,

relative change
Switzerland 30%
United Kingdom 30%
Norway 28%
Finland 28%
Sweden 28%
Austria 24%
” Canada 24%
Denmark 24%
New Zealand 24%
relaCDDs Belgium 21%
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Electricity and CO

A Electricity consumption due to space cooling surpassed
2,400TWhin 2022

A CQ equivalent emissions exceeded 1.3 GT

A Demand for cooling is growing in double digits
Worldwide

A By 2050, >300m AC units will be sold per year

The Great Cooling Paradox

Net-zero amid explosive demand
for new cooling capacity
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The vicious cycle between cooling
and urban heat island —
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Radiative Cooling as a green Y m
cooling solution _—




Radiative Cooling Principles & m

sSun

6000 K-

W

MIR Wingow: 813um
(- X 1ihheat escapes
through the atmosphere)

3 2 Solar N | gAtmosbheri:
N; radiation . emissivity
e : :
Py 0 3
E 1- Blackbody 10.5
Q radiation
() : :
c I No overlap
L UV Vis NIR r
© 5%42% 53% % MR e
— 0.3 1 2 3 5 8 13 2030 50

Wavelength (pum), A

Emissivity




Radiative Cooling Principles & m
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Thermodynamic limits

I
A Stateof-art systems suffer from  —
excessive heat losses (7 71 K) = 120
A Field is stuck at <18 cooling ~ 100 ]
A When heat lossesp7 7l K, ~ 1 1
cooling may exceed 48! 80- 2
Nay ] w
qg) 60‘ lé??
Main Chalenge & 4()_- !
Reducing parasitic heat losses Is o 20' J
very challenging but holds the keyg X T G
to passive refrigeration S Ol dom—————— |
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The early days. Nightime cooling &

Radiative cooling to low temperatures: General considerations and
application to selectively emitting SiO films

C. G. Granqvist and A. Hjortsberg
Chalmers University of Technology, Department of Physics, S-412 96 Gothenburg, Sweden

(Received 17 November 1980; accepted for publication 27 January 1981)
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First Daytime Demonstration th

PHOTONIC MULTILAYER STRUCREREN, A. et al (2014). Nature, 515(7528),c544
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State-of-art Evolution Im

PASSIVE DAYTIME RADIATIVE COOLING: MOVING BEYOND MATERIALS TOWARDD RERLICANS, Ailiet al.,Next Energy3, 2024
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Application 1: Cooling of Buildings th

Integration of Radiativased air temperature regulating system into residential building for energy saving, Applied EngrgQ)23D
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A

Application 2: Cooling of vehicles X

L

Duan Z., Wu, S., Sun, ét.al.Improvements in energy saving and thermal comfort for electric vehicles in summer through coupled electrochromic and radis
cooling smart windowsBuild. Simull7, 12311251 (2024)

Design of radiative cooling covers for automaobiles with maximized cooling powegnational Journal of Heat and Mass Trans&7, (2024)
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Application 3: Personal Thermal

A
I

Management

L

NANOPOROUS POLYETHYLENE MICROFIBRES FSRARBRBEDIATIVE COOLRE, Y.et al (2018). Nature Sustainability, 1;105

SUSTAINABLE POLYETHYLENE FABRICS WITH ENGINEERED MOISTURE TRANSPORT FOR Rh8&Me W@OL4IKPG21). Nat. Sustainability, 4, 7154
SPECTRALLY SELECTIVE NANOCOMPOSITE TEXTILE FOR OUTDOOR PERSDONZEL €@0OAdMOMater. 30;71(2018).
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A

Application 4: Horticulture I

L

Exploring realworld applications of passive radiative cooling for sustainabilityn,Kaixinet al. (2025)Cell Reports Physical Science, 6, 2, 102445

Enhancing food production in hot climates through radiative cooling mulch: A nexus approamg,Chenxiet al. (2024) Nexus, Volume 1, Issue 1, 100002
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Cooling to Improve heat engine

efficiency

I

Heat Engine (Carnot cycle)
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Cooling to Improve heat engine &
efficiency m
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A
I

Thermoelectric generation

Thermoelectric Generator Using Space Cold So#C& Appl. Mater. Interfac2819, 11, 37, 3394B3945
Generating Light from Darkneskule, Volume 3, Issue 11, 26 2%86
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Passive cooling of Solar Cells

A
I

Performance analysis of enhanced radiative cooling of solar cells based on a commercial silicon photovoltaic modulerdgolafeE2018

A review on the integration of radiative cooling and solar energy harvesting, Materials Today Energy, 21, 2021
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Cooling to Improve refrigeration a
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Integration with refrigeration

engines
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Pi-lab work In radiative cooling

iy
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A Coatings

A Films

A Glass

A Self-adaptive systems

Passive refrigeration systems
Horticulture

Heat and refrigeration engines
Radiative cooling maps
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Def

nition of a figér ¢
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Desirable Characteristics

High cooling power

Low environmental impact (PFAS free, low VOC)

Mechanically durable (abrasion resistant, good tensile strength)
U\-resistant

Resist fouling (pollution, dust, chemicals in atmosphere)
Moisture resistance

D22R I RKSNBYOS 2y Y2ad adzo
Easily Scalable
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Lightweight
Low cost
Adapt to ambient conditions




PolyCool: 15t Generation Coating® m
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PolyCool: Static Coating ﬁm —
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PolyCool Formulation th
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Porosity vs scattering th
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Optical Performance ﬁm
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Outdoor tests - London
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Outdoor tests T London (36h)
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Next generation coatings 1 Y
durable, durable and durable m L

AWater based for buildings R

ASolvent based for vehicles.

AApplied by spraying or
brushing

ADuraHe ¢ durable- durable



Abrasion resistance tests




