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Recent Progress on Urban Heat Mitigation 

Technologies 

Challenges – Urban Overheating and Regional Climate Change

The Intensive urbanisation and industrialisation result in 

considerable increase of the ambient temperature in cities. The 

phenomenon, known as Urban Heat Island (UHI), is well 

documented in more than 450 cities around the world. The 

magnitude of urban overheating may be as high as 10 °C with an 

average value close to 5 °C. 

Higher urban temperatures have a serious effect on the energy 

consumption of buildings, while impacting the environmental 

quality of cities, urban health and survivability levels. Design 

and implementation of advanced mitigation and adaptation 

policies in cities may counterbalance the impact of UHI while 

continuation of the current urban practices may further intensify 

the urban climatic, environmental, energy, public health, 

economic and social problems.
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Urban Overheating and Local Climate Change 
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Urban Overheating and Local Climate Change 
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Urban Overheating and Local Climate Change 

3.32%/°C ± 0.36%/°C increase in CO2 emissions, 

3.35%/°C ± 0.50%/°C increase in SO2 emissions, 

and 

3.60%/°C ± 0.49%/°C increase in NOX emissions
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Evaporative
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Development in Heat Mitigation Technologies 
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Development in Heat Mitigation Technologies 
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Thermochromic coatings 

change color as a function of 

the ambient temperature.

For low outdoor 

temperatures (winter), the 

coatings may be dark 

presenting a high 

absorptivity. For higher 

ambient temperatures 

(summer), the coating 

becomes white presenting a 

high reflectivity. Thus, when 

applied on roofs or walls 

they may present the best 

performance all year round. 
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Development in Heat Mitigation Technologies 
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Development in Heat Mitigation Technologies 

Thermochromic mechanism of photonic crystals and 

plasmonics

Thermochromic working mechanism of photonic crystals and 

plasmonic is based on temperature-sensitive physical or 

optical property variation of one of their components. 

The outstanding feature of nano-scale TC materials 

compared to their bulk counterparts is the lower rate of 

photodegradation together with their adjustable 

temperature-sensitive properties. 
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Development in Heat Mitigation Technologies 
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Development in Heat Mitigation Technologies 

Riyadh KSA
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Development in Heat Mitigation Technologies 

OVERCOOLING WINTER PROBLEMS

Use of SCM may decrease the ambient temperature up to 2 C

Results of WRF simulations for Kolkata India 
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Development in Heat Mitigation Technologies 

Quantum dots (QD) are very small semiconductor particles, only 

several nanometers in size, so small that their optical and electronic 

properties differ from those of larger particles. They are a central 

theme in nanotechnology. Many types of quantum dot will emit light 

of specific frequencies if electricity or light is applied to them, and 

these frequencies can be precisely tuned by changing the dots' size,

shape and material, giving rise to many applications.
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Development in Heat Mitigation Technologies 

Coloured Super Cool Materials
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Development in Heat Mitigation Technologies 

Maximum Surface Temperature Drop
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Impact of Heat Mitigation Technologies 

Cooling the Cities : Impact of Overheating and 

Mitigation Science 

Energy Impact of Heat Mitigation Technologies 
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Energy Benefits Heat Mitigation Technologies 

Potential decrease of the peak hourly cooling demand 

caused by the implementation of cool roofs

Cooling the Cities : Impact of Overheating and 

Mitigation Science 

Environmental and Other Benefits of Heat Mitigation Technologies 

Reduction of the maximum indoor air temperature _low-rise office without roof 

insulation 
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Environmental and Other Benefits of Heat Mitigation Technologies 

0.1 increase 

albedo 

Decrease 0.09 C 

17 PM  Temp 

Drop 0.1  to 4 

deaths  per day

An average decrease of deaths close to 

19.8% per degree of temperature drop,

About  1.8%  decrease of mortality per 

0.1 increase of the albedo
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Mitigation Science 

Environmental and Other Benefits of Heat Mitigation Technologies 

Drop of the peak temperature by 0.1 C  

corresponds to 3 %  decrease of mortality

GREEN

Increase  GI 
Decrease  

14 PM  Temp 
Drop of deaths  

per day
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Future Forecasts  

Cooling the Cities : Impact of Overheating and 

Mitigation Science 

Conclusions and Recommendations
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Results of the Cool Roofs 

Study in Australia

Riccardo Paolini, UNSW

Infrared aerial orthophoto of Shellharbour Stockland Shopping Centre 

CRC LCL Project RP1037

2

• Can supercool materials contribute to urban heat mitigation 
and building ventilation?

• What mechanisms are involved, and how can we exploit them?

(why are we talking about radiation in a ventilation webinar?)

Research questions of this talk

Field-applied cool roof coating on a commercial building in Victoria (source: energystar.com.au).
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https://www.unsw.edu.au/arts-design-architecture/our-schools/built-environment/our-research/clusters-groups/high-
performance-architecture/projects/study-on-the-cool-roofs-mitigation-potential-in-australia

4
All content on the project webpage
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Free access until 31 Dec 2022 https://authors.elsevier.com/c/1g3-R1M7zH8bgy

5

https://doi.org/10.1016/j.enbuild.2022.112577

1. Technology and market overview in Australia and overseas

2. Performance of cool roofs in Australian climate zones considering

• Urban heat mitigation

• Cooling energy savings in commercial and residential buildings, 
existing and new (NCC2019)

• Cost-benefit analysis

3. Identification of barriers for the use of cool roofs (in view of NCC2025)

4. Industry needs and perspectives

Project scope
6

5
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https://doi.org/10.1016/j.enbuild.2022.112577


Project Roadmap
7

Garshasbi et al. (2023) https://doi.org/10.1016/j.enbuild.2022.112577

ARF-WRF 4.3 model and  validation
8

Parameters Local weather stations
Penrith Observatory Hill Sydney Airport Olympic Park

Correlation coefficient 0.975 0.981 0.986 0.985

Mean Bias error (°C) 0.352 0.932 0.429 0.563

Mean absolute error (°C) 0.523 0.926 0.432 0.501

500 m x 500 m in the inner 
domain

7
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Building performance simulations of 17 existing (pre-code) and new 
typical buildings, low-rise and high-rise, of different categories:

• Office

• Retail (shopping centre)

• School

• House

• Apartment buildings

Selected Buildings

Building archetypes from a previous 
study carried out by DISER

9

Selected Buildings

Roof albedo: 0.15 conventional roof, 0.85 cool roof
Roof thermal emittance: 0.85
Existing (pre-code) buildings: no wall insulation, minimal roof insulation (anti-con blanket).
New buildings: (post-code) NCC 2019 DtS insulation levels, depending on the climate zone.

10
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Occupancy and internal heat gains (NCC / NatHERS)

Building 

Type 

Office Shopping mall School 
Standalone 

House 
Apartment 

Existing 

uninsulated 

Existing 

w/ roof 

ins. 

New Existing New Existing Existing  New  Existing 

Intensity 

of internal 

heat gains 

(W/m2) 

(from 

NatHERS 

and NCC 

2019) 

   

 

 

11

Building Performance Simulations

Simulation engine

Simulations

1) HVAC in operation

• Ideal HVAC (COP = 1) to compute heating and cooling loads (energy 
needs)

• Heating setpoint = 20 °C

• Cooling setpoint = 25 °C

• HVAC off out of operation hours (NCC modelling profiles JVc)

2) Free-floating (no HVAC in operation)

12
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Weather data for building energy simulations

1. Mitigated & unmitigated: 2  summer months (Jan & Feb 2017). Data 
from climate modelling (WRF)

• Unmitigated (roofs albedo = 0.15)

• Heat mitigation with cool roofs (roofs albedo = 0.85)

2. Whole year simulations. Data from Bureau of Meteorology (2016-2017)

• Unmitigated scenario only

• Weather data from Bureau of Meteorology. Measured solar & infrared 
radiation data where available; BOM satellite estimated otherwise.

• Weather data validation with nearby stations

13

Cities (BOM stations & climate modelling)

Only BOM data:

• Darwin (NT)

• Alice Springs (NT)

• Hobart (Tas)

14

Brisbane (7)

Sydney (11)
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Results: 2m air temperature (Sydney 14:00– summer day)
15

Spatial distribution of the ambient temperature and temperature drop in 
Sydney at 14:00 hrs, caused by the installation of the cool roofs, during a 
representative summer day.

Greatest temperature 
drops in built-up 
areas, not in close 
proximity to the coast 
(already cooled by sea 
breeze).

The temperature drop 
is not constant across 
the area.

Some cool roof density 
is required for 
temperature drop to 
occur.

Results: Land Surface Temperature (Sydney 14:00 summer day)
16

Spatial distribution of the surface temperature and surface temperature 
drop in Sydney at 14:00 hrs, caused by the installation of the cool roofs, 
during a representative summer day.

Not exact 
correspondence 
between surface 
temperature and air 
temperature drop.
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Results: Sensible and Latent Heat Fluxes
17

Variation in sensible and latent 
(panel below) heat flux at (a) 
06:00 LT (b) 14:00 hrs LT, and (c) 
18:00 LT, in Sydney, during a 
representative summer day 
when cool roofs are installed at 
city scale.

PBL reduction and wind speed reduction
18

Stratification is not constant throughout the day (Stull, 1988)

• Lower surface temperatures caused by a large-scale deployment of 
cool roofs decrease the height of the planetary boundary layer (PBL). 

• Increase in the albedo is expected to accelerate static stability at the 
diurnal scale of the PBL depth. 

• Reduced PBL depth has potential penalties for air pollutant dilution 
and dispersion over the city domain

• Reduced cloud formation (due to reduced moisture transport) and 
increased cloud dissipation due to increased reflection are possible. 

17
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Results: Wind speed
19

(re-drawn after 

Landsberg, 1981)Cool roofs lead to 
reduced wind 
circulation in the 
lower parts of the 
atmosphere and lower 
advection of warm 
winds from inland.

Uninsulated low-rise office building (Jan-Feb)

Conventional roofs, unmitigated climate Cool roofs, cool roofs climateCool roofs, unmitigated climate

20

Mind the different scales
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Cooling savings vs heating penalty
21

Jan-Feb | Office low vs high rise uninsulated/insulated
22

Building Type City Cooling load-
Reference 
scenario 

Cooling load reduction – cool 
roof unmitig. climate (S1) 

Cooling load reduction – cool 
roof mitig. climate (S2) 

kWh/m2 kWh/m2 % kWh/m2 % 

B01 | Low-rise office | no 
roof insulation | existing 
building 

Sydney 25.8-34.3 10.2-13.8 37.6-42.0% 14.9-17.4 50.3-63.7% 

Melbourne 12.6-18.3 6.3-10 47.6-54.9% 8.3-11.7 59.3-65.7% 

Brisbane 43.6-46.3 11.3-15.6 25.6-33.7% 18.7-21.3 42.9-46.2% 

Adelaide 20.9-28.5 9.6-11.3 39.6-45.9% 12.5-13.9 47.7-59.8% 

Perth 21.7-32.3 10.3-13.0 40.4-47.7% 13.6-16.2 47.5-62.6% 

B02 | High-rise office | no 
roof insulation |existing 
building  

Sydney 19.3-25.5 1.9-2.8 9.2-11.1% 5.6-8.9 25.6-44.9% 

Melbourne 7.9-10.9 1.1-2.0 13-18.1% 3.0-4.0 32-40.9% 

Brisbane 34.2-35.2 2.0-3.0 5.7-8.8% 8.6-10.4 24.9-29.6% 

Adelaide 13.5-19.9 1.7-2.0 10.3-12.6% 4.5-5.0 22.8-37.4% 

Perth 13.2-22.1 1.8-2.3 10.5-13.6% 4.9-6.2 22.3-40.5% 

B04 | High-rise office | w/ 
roof insulation |new building 

Sydney 18.1-23.7 0.2-0.3 0.9-1.7% 3.7-7.3 19.9-39.2% 

Melbourne 7.1-9.7 0.1-0.2 1.3-1.9% 1.8-2.7 21.5-31.8% 

Brisbane 31.6-33.8 0.2-0.3 0.6-0.9% 6.3-8.5 19.9-25.4% 

Adelaide 12.2-18.4 0.2 1.2-1.3% 2.8-3.6 15.1-29.7% 

Perth 11.7-20.3 0.2 1.0-1.4% 2.9-4.4 14.3-32.5% 

 

Indirect effects are substantial
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Jan-Feb | low vs high internal loads
23

Building Type City Cooling load-
Reference 
scenario 

Cooling load reduction – cool 
roof unmitig. climate (S1) 

Cooling load reduction – cool 
roof mitig. climate (S2) 

kWh/m2 kWh/m2 % kWh/m2 % 

B04 | High-rise office | w/ 
roof insulation |new building 

Sydney 18.1-23.7 0.2-0.3 0.9-1.7% 3.7-7.3 19.9-39.2% 

Melbourne 7.1-9.7 0.1-0.2 1.3-1.9% 1.8-2.7 21.5-31.8% 

Brisbane 31.6-33.8 0.2-0.3 0.6-0.9% 6.3-8.5 19.9-25.4% 

Adelaide 12.2-18.4 0.2 1.2-1.3% 2.8-3.6 15.1-29.7% 

Perth 11.7-20.3 0.2 1.0-1.4% 2.9-4.4 14.3-32.5% 

B07 | High-rise shopping mall 
| new building 

Sydney 74.9-81.3 0.5-0.8 0.6-1% 9.9-17.1 13.2-21.8% 

Melbourne 39.6-45.3 0.4-0.6 1-1.4% 5.9-8.1 14.0-20.0% 

Brisbane 94.8-98.1 0.4-0.6 0.4-0.6% 14.4-18.4 15.0-18.8% 

Adelaide 54.2-64.0 0.5-0.6 0.8-0.9% 6.0-9.2 9.4-16.9% 

Perth 56.3-67.0 0.5 0.7-0.8% 7.3-10.2 10.9-18.1% 

 

Even with high internal loads

Jan-Feb | House, uninsulated vs insulated
24

Building Type City Cooling load-
Reference 
scenario 

Cooling load reduction – cool 
roof unmitig. climate (S1) 

Cooling load reduction – cool 
roof mitig. climate (S2) 

kWh/m2 kWh/m2 % kWh/m2 % 

B11 Stand-alone house-
existing 

Sydney 14.9-19.3 6.5-7.6 38.7-45.8% 9.2-10.7 53.9-69.9% 

Melbourne 6.6-10.0 3.4-7.5 51.9-75.3% 5.1-6.8 67.4-77.4% 

Brisbane 21.8-22.6 3.9-4.2 17.3-18.8% 8.6-10.1 38.8-44.9% 

Adelaide 11.8-15.8 5.7-6.0 38.1-48.1% 7.3-7.9 48.1-62.2% 

Perth 11.4-16.4 6.1-6.6 39.9-53.5% 7.7-8.7 50.3-67.9% 

B17 | Stand-alone house-
new building 

Sydney 13-16.5 3.3-4 23.2-30.8% 6.1-8.5 42.2-62% 

Melbourne 4.6-7.1 2.1-3.0 37.5-46.9% 3.2-4.1 57.1-69.9% 

Brisbane 22.5-23.5 4.1-4.4 17.4-19.3% 8.8-10.4 39.1-44.6% 

Adelaide 9.0-12.3 2.9-3.3 23.7-33.9% 4.6-5.2 37.1-54.9% 

Perth 8.7-13.2 3.4-3.6 27.2-39.0% 5.2-5.9 40.8-60.3% 
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Cooling load savings by improved EER

EER as a function of the ambient temperature for cool roof scenario for six different AC systems .

25

Cooling load savings by improved EER, Scenario 1 (building-scale application of cool roofs) (Scenario 1), and 
Scenario 2 (Combined building-scale and urban-scale application of cool roofs) as a function of ambient 
temperature in a new stand-alone house in Observatory station, Sydney (Climate zone 5-warm temperate).

Houses (new) |Free-floating indoor air temperature

Temperature distribution at 3 pm 
in Feb 2017 (heatwave day)

Vital reduction in indoor air 
temperatures during heatwaves

Obs. Hill Richmond

26

Obs. Hill Richmond

25

26



House (new) | Indoor conditions - distribution

Summer. Number of hours with indoor air temperature above 26 °C in free-floating mode 
during a typical summer month

27

Station Reference scenario Cool roof unmit. climate 
Cool roof & mitigated 

climate 

Observatory Hill 422 339 253 

Richmond 456 415 356 

 

Cooling load savings: 25-38%
Heating penalty: 0.7-1.7%
Total thermal loads savings: 10-19%

Limited impact on thermal balance

Discussion | If you think we messed up with the simulations…

106 buildings 
monitored

28

Haddad et al. (2022) https://doi.org/10.1016/j.enbuild.2022.112349
Project: Energy Efficiency in social housing (supported by OEH)

27
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Discussion | Urban Heat mitigation and natural ventilation potential
29

Air temperatures in the Greater Sydney (BoM) and in Parramatta LGA wards 

UNSW, Parramatta Urban Overheating Project (supported by City of Parramatta)

Range: ± 2 oC
within the LGA 
of Parramatta

Heatwave of February 2017. Data for Penrith (data from 
Bureau of Meteorology)

Discussion | Natural ventilation 
potential in future climates

30

Present and future air temperature distribution in 
Western Sydney (South Creek)

Garshasbi et al. (2020) 
https://doi.org/10.1016/j.solener.2020.04.089
UNSW, South Creek Urban Cooling Project (supported by iNSW)

• Scenario M1. Present climate and land-use (2018).

• Scenario M2. future climate (2050) and current land-

use (2018).

• Scenario M3. Future climate and future land use (2050)

with increased built-up area (projections), increased

anthropogenic heat flux, 670,000 non-irrigated trees in

the inner domain and 3 million non-irrigated trees in

the rest of Sydney.

• Scenario M4. Future climate and land use (2050) with

mitigation: 2 million irrigated trees in the Parkland and

3 million irrigated trees in the rest of Sydney with

increased albedo of urban impervious surfaces and

landscape watering (3.5% of the catchment is water

bodies).

29
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Discussion | Heatwaves in EU cities and night ventilation potential
31

Air temperature in 
Milan, Italy, in July 
2022 (weather 
station at Politecnico
di Milano)

Data Courtesy 
Fondazione Meteo
Milano Duomo.

Discussion | Large-scale cool roofs
32

Green et al. (2020) 
https://doi.org/10.1016/j.enbuild.2020.110
071

Comparison of annual electricity savings per unit 
roof area, per 10 increase in roof solar reflectance 
index, calculated with and without taking above-roof 
temperature effects into account. Deviations 
between the data and the dotted line are due to 
above-roof temperature effects. Results identified by 
an asterisk in the legend have been modified to 
remove the effects of surface temperature 
augmentation.

CRC project RP1037 - Driving Increased Utilisation of 
Cool Roofs on Large Footprint Buildings

31
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Summary of main influence of cool materials on ventilation

• Lower penetration of warm winds from 
inland in coastal cities such as Sydney

• Increased natural ventilation potential (lower 
outdoor temperatures)

• Lower air intake temperatures (for air 
handling units and make-up air) and higher 
effective EER

• Indirect effects are substantial even for highly 
insulated and high-rise buildings

• Lower peak indoor air temperatures in 
houses by more than 4 °C during heatwaves
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Thank you for your attention!
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Heat dissipation: 𝑷𝒐𝒖𝒕 = 𝒆 ∙ 𝝈 ∙ 𝑻𝒓𝒐𝒐𝒇
𝟒

Heat absorption: 𝑷𝒊𝒏 = 𝑹𝒔𝒐𝒍𝒂𝒓 ∙ 𝟏 − (𝒓 + 𝒕)𝒔𝒉𝒐𝒓𝒕 + 𝜶𝒄𝒐𝒏𝒅+𝒄𝒐𝒏𝒗 ∙ 𝑻𝒂𝒎𝒃𝒊𝒆𝒏𝒕 − 𝑻𝒓𝒐𝒐𝒇 + 𝑹𝒍𝒐𝒏𝒈 ∙ 𝟏 − 𝒂𝒍𝒐𝒏𝒈

𝒆：Emissivity; 

𝝈:  Stefan-Boltzmann constant

Troof: Roof surface temperature

𝑹𝒔𝒐𝒍𝒂𝒓：Solar radiation

𝑹𝒍𝒐𝒏𝒈 :  Atmospheric radiation

𝑹𝒍𝒐𝒏𝒈 :  Atmospheric radiation

𝒕: Transmittance

𝒓 : Reflectance
a：Absorptance

𝜶𝒄𝒐𝒏𝒅+𝒄𝒐𝒏𝒗 :Conductive and convective heat transfer coefficient

0 1 2 3 4

0

500

1000

1500

2000

Wavelength/μm

S
p

e
c

tr
a

l 
Ir

ra
d

ia
n

c
e

(W
/m

2
/μ

m
)

4.5

Solar radiation spectrum

Solar radiation spectrum Atmospheric radiation spectrum

Fundamentals 

and 

performance
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Performance and 

limitations

Impact

Figure source: Jie Feng, et al. Dynamic impact of climate on the performance of daytime 

radiative cooling materials, Solar Energy Materials and Solar Cells,

https://doi.org/10.1016/j.solmat.2020.110426.

Fundamentals

3

Heat dissipation: 𝑷𝒐𝒖𝒕 = 𝒆 ∙ 𝝈 ∙ 𝑻𝒓𝒐𝒐𝒇
𝟒

Heat absorption: 𝑷𝒊𝒏 = 𝑹𝒔𝒐𝒍𝒂𝒓 ∙ 𝟏 − (𝒓 + 𝒕)𝒔𝒉𝒐𝒓𝒕 + 𝜶𝒄𝒐𝒏𝒅+𝒄𝒐𝒏𝒗 ∙ 𝑻𝒂𝒎𝒃𝒊𝒆𝒏𝒕 − 𝑻𝒓𝒐𝒐𝒇 + 𝑹𝒍𝒐𝒏𝒈 ∙ 𝟏 − (𝒓 + 𝒕)𝒍𝒐𝒏𝒈

↑Pout
extremely high emissivity at wavelength between 8 and 13 micrometers where the 

atmosphere is transparent.

↓Pin
extremely high reflectivity in visible and near-infrared wavelengths

The selection of optical properties in 4-8 and 13-50um depends on the specific 

environmental condition
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Performance and 
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Figure source: Jie Feng, et al. The heat mitigation potential and climatic impact of super-cool broadband radiative coolers on a city scale,

Cell Reports Physical Science, https://doi.org/10.1016/j.xcrp.2021.100485.
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1
Fundamentals 

and 

performance

Basics

Performance and 

limitations

Commercialization

Impact
Figure source: Yang, Y., & Zhang, Y. (2020). Passive daytime radiative cooling: Principle, application, and economic analysis. MRS Energy & Sustainability, 7, 

E18. doi:10.1557/mre.2020.18
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Info source: Yan Cui, et al. Progress of passive daytime radiative cooling technologies towards commercial applications, Particuology, Volume 

67,2022,Pages 57-67,https://doi.org/10.1016/j.partic.2021.10.004.

One-dimensional photonic crystal 

requires electron beam evaporation

Multi-dimensional photonic crystal 

requires photolithography

Performance-Photonic crystal
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Info source: Yan Cui, et al. Progress of passive daytime radiative cooling technologies towards commercial applications, Particuology, Volume 

67,2022,Pages 57-67,https://doi.org/10.1016/j.partic.2021.10.004.

Performance-film or coatings including random particles
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Impact
Info source: Jie Feng, et al. The heat mitigation potential and climatic impact of super-cool 

broadband radiative coolers on a city scale,

Cell Reports Physical Science, https://doi.org/10.1016/j.xcrp.2021.100485.

A. Aili, Z.Y. Wei, Y.Z. Chen, D.L. Zhao, R.G. Yang, X.B. Yin, Selection of polymers with 

functional groups for daytime radiative cooling, Materials Today Physics,

https://doi.org/10.1016/j.mtphys.2019.100127.

Performance-industrial film as the emitter

DuPont™ Tedlar® 

Polyvinyl Fluoride 

(PVF) Films
3M ESR

Polyvinyl fluoride (PVF) film 

C-H and C-F bonds 

Polymethylpentene (TPX)

C-H bond

Polytetrafluoroethylene (PTFE or Teflon)

C-F bond

Acrylic

C-O and C-H bonds

poly(methyl methacrylate) (PMMA)

C-H, and C-O bonds

Polyvinylidene fluoride (PVDF) C-H and C-F bonds

1975
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Info source: Jie Feng, et al. The heat mitigation potential and climatic impact of super-cool broadband radiative coolers on a city scale,

Cell Reports Physical Science, https://doi.org/10.1016/j.xcrp.2021.100485.

Performance-industrial film
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Info source: Yan Cui, et al. 

Progress of passive daytime 

radiative cooling technologies 

towards commercial applications, 

Particuology, Volume 

67,2022,Pages 57-

67,https://doi.org/10.1016/j.partic.

2021.10.004.

Performance summary
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Info source:

Jie Feng, et al. Dynamic impact of climate on the performance of daytime radiative cooling materials, 

Solar Energy Materials and Solar Cells,https://doi.org/10.1016/j.solmat.2020.110426

J Mandal el al. Hierarchically porous polymer coatings for highly efficient passive daytime radiative 

cooling. Science. 

DOI: 10.1126/science.aat9513

Limitations-Humid climate
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Performance and 
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Impact

C.Y. Tso, K.C. Chan, Christopher Y.H. Chao, A field investigation of passive radiative 
cooling under Hong Kong’s climate, Renewable Energy, 

https://doi.org/10.1016/j.renene.2017.01.018.

Wong, R. Y. M., Tso, C. Y., Chao, C. Y. H., Huang, B., & Wan, M. P. (2018). Ultra-

broadband asymmetric transmission metallic gratings for subtropical passive daytime 

radiative cooling. Solar Energy Materials and Solar Cells, 186, 330-

339. https://doi.org/10.1016/j.solmat.2018.07.002

Same material & settings

Stanford, CaliforniaHong Kong

Possible solution: asymmetric transmission metallic gratings

Limitations-Humid climate
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https://doi.org/10.1126/science.aat9513
https://doi.org/10.1016/j.renene.2017.01.018
https://scholars.cityu.edu.hk/en/persons/chi-yan-tso(73328d43-89d6-4603-a6e8-d68a5be13e01).html
https://scholars.cityu.edu.hk/en/publications/ultrabroadband-asymmetric-transmission-metallic-gratings-for-subtropical-passive-daytime-radiative-cooling(470e953e-ede9-4cfc-85d2-8855104ea49a).html
https://scholars.cityu.edu.hk/en/journals/solar-energy-materials-and-solar-cells(7b62b536-bc70-4ec2-bd89-3a4cbee9033b)/publications.html
https://doi.org/10.1016/j.solmat.2018.07.002


Info
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Basics

Performance and 

limitations

Commercialization

Impact

Info source: https://www.rl-cool.com/#/proinfo?id=277

• radiative cooling performance with

an energy flux as high as 130

W/m²

• customizable glossiness to avoid
light pollution;

Commercialization of scalable super cool material

• customizable smooth or
textured surfaces;

• self-cleaning features;
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Info source: https://www.rl-cool.com/#/proinfo?id=277

Commercialization of scalable super cool material
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1
Fundamentals 

and 
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Performance and 

limitations

Commercialization

Impact
Info source: Jie Feng, Maria Saliari, Kai Gao, Mattheos Santamouris, On the cooling energy conservation potential of super cool roofs, Energy and Buildings,

https://doi.org/10.1016/j.enbuild.2022.112076.

Energy impact

Findings: radiative cooling roof can reduce more the annual energy use in a cooling-dominated climate. With insulation added, the 

difference in cooling, heating, or total energy needs in buildings with different roof types has been largely decreased. But under cooling 

dominated climate or climate with mixed heating and cooling, the radiative cooling material still has advantages in reducing the overall 

energy consumption in buildings.

Info source: 
Ningsheng Wang, 

Yinyan Lv, Dongliang

Zhao, Wenbo Zhao, 

Jingtao Xu, Ronggui

Yang,

Performance 

evaluation of radiative 

cooling for commercial-

scale warehouse,

Materials Today 

Energy,

https://doi.org/10.1016/

j.mtener.2021.100927.
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Info source: Jie Feng, et al. The heat mitigation potential and climatic impact of super-cool broadband radiative coolers on a city scale,

Cell Reports Physical Science, https://doi.org/10.1016/j.xcrp.2021.100485.

Large scale impact
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2

Integration of fluorescent pigment

Info source: Xue, X., Qiu, M., Li, Y., Zhang, Q. M., Li, S., Yang, Z., Feng, C., Zhang, W., Dai, J.-G., Lei, D., Jin, W., Xu, L., Zhang, T., Qin, J., Wang, H., 

Fan, S., Creating an Eco-Friendly Building Coating with Smart Subambient Radiative Cooling. Adv. Mater. 2020, 32, 1906751. 

https://doi.org/10.1002/adma.201906751
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2

Prevention of pigment aggregation

Info source: Polymer-Encapsulated TiO2 for the 

Improvement of NIR Reflectance and Total Solar Reflectance of 

Cool Coatings

Siming Dong, Jing Yang Quek, Alexander M. Van Herk, and 

Satyasankar Jana

Industrial & Engineering Chemistry Research 2020 59 (40), 

17901-17910

DOI: 10.1021/acs.iecr.0c03412 18
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Further increase the 

cooling performance

Integration of 

fluorescent pigment

Prevention of 

pigment aggregation

Porous 

morphology 

2

Porous morphology results in high solar reflectance 

Info source:

J Mandal el al. Hierarchically porous polymer coatings for highly efficient 

passive daytime radiative cooling. Science. 

doi: 10.1126/science.aat9513

A. Leroy et al. High-performance subambient radiative cooling enabled by 

optically selective and thermally insulating polyethylene aerogel. Science. 

doi: 10.1126/sciadv.aat9480
19

3
Summary and 

outlook

Info source: Liu, J., Tang, H., Jiang, C., Wu, S., Ye, L., Zhao, D., Zhou, Z., Micro-Nano Porous Structure for Efficient Daytime Radiative Sky 

Cooling. Adv. Funct. Mater. 2022, 32, 2206962. https://doi.org/10.1002/adfm.202206962

Summary

• Cooling Performance

• Mechanical Performance

• Weather Fastness

• Aesthetics

• Special Functions
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Thanks for your attention
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Fluorescent-based Cool Materials-

Recent Developments

Samira Garshasbi

PhD, High performance architecture, UNSW

ESD Consultant, Arup

Light-coloured 

cool materials

NIR-reflective 

cool materials

Fluorescent-based 

cool materials (Bulk & 

Nano-scale)

First Generation Second Generation Third Generation

• Glare & aesthetic

• Limited application 

for roofs of high-rise 

buildings

• Limited cooling potential

• Reflection only in NIR-range • Preserve colour

• Re-emission in visible range.

• Possibility for the integration of nano-

scale fluorescent materials with NIR-

reflective materials.

Different generations of cool materials

1
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Fluorescent materials categorization:

1. Conventional bulk fluorescent materials (e.g. ruby)
with fixed fluorescent properties and limited/certain
heat-rejection potential.

2. Nano-scale fluorescent materials (e.g. Quantum Dots
(QDs-Nano-scale semiconductor materials) (Tuneable
fluorescent properties & possibility for integration with
NIR-reflective materials).

Fluorescent Cooling

Fluorescent Cooling/photoluminescence (PL) effect:
Fluorescent cooling refers to radiative/non-thermal relaxation of the absorbed light.

QDs

Quantum Dots

Fluorescent effect refers to the radiative/non-thermal relaxation of excited electrons. The
fluorescent cooling effect occurs for the incident light having an energy level equal or
higher than the QDs bandgap energy.

3
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❖ Absorption edge wavelength:
The wavelength with an energy level of bandgap energy is known as absorption edge 
wavelength (λAE). 

Fluorescent Cooling

Quantum Dots

Core Quantum Dots Core-Shell Quantum Dots

❖ Quantum yield, defined by the number of reemitted photons divided by the number of
absorbed photons, could be adjusted by modifying the interparticle distance and
surface chemistry modifications.

Interaction of light with QDs nanoparticles: 
(1) Light enters from the top surface and is 

absorbed by the QDs nanoparticles, (2) Light 
is reabsorbed by another QDs nanoparticle, 

(3) Light reemitted from the top surface.
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Quantum Dots
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Correlation between ψ and λAE for conventional 
Stokes-shift fluorescent materials

Cooling potential theoretical limit

The fluorescent cooling theoretical limit is 0.15, 0.21,
0.23, 0.27, 0.43 for blue-emitting, green-emitting, yellow-
emitting, orange-emitting, and red-emitting fluorescent
materials, respectively.

Optimization: Re-emitted energy through photoluminescence(PL) effect

Top left: Correlation between ESR, SR, and QY, contour plot. Top right: Correlation between ESR, SR, and λAE, contour plot. 
Bottom left: Correlation between ESR, SR, and QY, 3D plot. Bottom right: Correlation between ESR, SR, and λAE, 3D plot.

7

8



Optimization: Re-emitted energy through photoluminescence(PL) effect
Correlation between Re-emitted Energy (QPL), Solar Absorptance, and Quantum Yield(QY) in a representative 

summer day in Observatory Hill Station, Sydney 

❖Absorption Edge Wavelength(λAbsorption Edge ): 1000 nm

❖Average Solar Irradiation: 878 kWh/m2 during summer & 449 kWh/m2 during winter.

❖Maximum Re-emitted Energy through photoluminescence : 433 kWh/m2 during summer & 221 kWh/m2 

during winter (49% of the incoming solar irradiation)

Optimization: Re-emitted energy through photoluminescence(PL) effect

S1 S1

S1

T1

T1

S1

T1

T1

Acceptor Acceptor SensitizerSensitizer

S0S0

The transmission and thermalization losses determine the theoretical limit for fluorescent cooling

potential

❖Transmission Loss:

1. Up conversion of two photons with energies lower than the bandgap energy into one higher than the

bandgap energy photon.

2. Transmission loss can be minimized through

application of a NIR-reflective material as base

layer.

❖Thermalization Loss:

Down conversion of one high energy photon

into two lower energy photons.

❖Quenching Loss:

1.Reducing reabsorption by application of

surface ligands around QDs core,

2. Controlling surface defects.
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Left: Impact of λAE on thermal and transmission losses in Stokes shift fluorescent materials. 
Right: Impact of λAE on thermal losses in Stokes shift fluorescent materials

Optimization: Re-emitted energy through photoluminescence(PL) effect
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S. Garshasbi, S. Huang, J. Valenta, M. Santamouris, “On the combination of quantum dots with near-
infrared reflective base coats to maximize their urban overheating mitigation potential”, Solar
Energy, 2020, 211, 111-116, https://doi.org/10.1016/j.solener.2020.09.069

Reducing transmission loss through integration with NIR-reflective materials
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