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Urban overheating obliges utilities to operate power plants for an extended
period to satisfy the peak electricity demand

Increased operation of thermal power plants significantly rises the
emissions of pollutants and increases the concentration of secondary
pollutants like the ground level ozone.

Each degree of temperature rise in the Eastern United States during
the period between 2007-2012, resulted in a rise by:

3.35%/°C £0.50%/°C of the SO, emissions,
3.32%/°C £0.36%/ °C rise in CO, emissions, and a

3.60%/°C £0.49%/°C increase in NOy emissions.

It Is predicted that in 2050 the corresponding NOx emissions may
increase by 16%, and the SO, emissions by 18%.

M. Santamouris, “Recent progress on urban overheating and heat island research. Integrated assessment of the energy, environmental,
vulnerability and health impact. Synergies with the global climate change,” £nergy Build., vol. 207, 2020
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Rich experimental data exist in the developed countries regarding the
indoor environmental quality of low-income houses during the period
of high ambient temperatures.

Continuous measurements of the indoor ambient temperature and
COZ2 concentration, are performed in 110 low-income buildings in
Western Sydney and rural NSW, for about 12 months.

It is found that during the summer period and not during a heat wave,
indoor temperature was close to 40 C.

In parallel, the indoor concentration of COZ was up to 4 times higher than
the threshold acceptable levels.

During the winter period, indoor temperature was as low as 5- 7 C.

Shamila Haddad, Riccardo Paolini, Afraditi Synnefa, Lilian De Torres, Deo Prasad, Mattheos Santamouris : Integrated assessment of the
extreme climatic conditions, thermal performance, vulnerability, and well-being in low-income housing in the subtropical climate of
Australia, Energy and Buildings, 272, 112349, 2022




Elderly is the most vulnerable population group

Those with preexisting health problems like respiratory, cardiovascular, or mental
health problems

Those using medication that affects thermoregulation, and

Those ‘lacking in economic assets and access to public support systems, with
diminished physical or cognitive capacities to respond to warnings and missing
strong and enduring social support systems like social isolated people, and those
living in hazardous places’

According to the existing epidemiological records almost 59,114 people passed
away between 2000 and 2007 during 52 extreme heat events around the world



‘The study indicates that, in high-emission scenarios, most regions are
projected to experience a steep rise in heat-related mortality that will not
be equaled by a reduction in cold-related deaths, resulting in a substantial
positive net increase in mortality.

However, the potential impact varies across areas, and populations living
in warmer and potentially poorer regions are expected to sustain an
increased burden.

Furthermore, the increase in temperature-related excess mortality would
be substantially reduced in scenarios involving mitigation strategies to
limit greenhouse gas emissions and further warming of the planet, and

stricter mitigation approaches are associated with larger benefits’.

www.thelancet.com/planetary-health Vol 1 December 2017



Urban Overheating has a serious adverse impact on wellbeing and
threats mental health.

Mental health impacts are expected to arise from climate-related
economic and social losses and anxiety and distress associated with
overheating

It is found that there is a statistically significant correlation between
the increase of the ambient temperature and the corresponding
increase of murder and assault rate.

Similar statistics have been observed for numerous cities around the
world during period of extreme temperature.

Heat and Violence. Article /7 Current Directions in Psychological Science - February 2001 DOI: 10.1111/1467-8721.00109




Numerous studies have revealed critical associations between
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This effect is similar in hotter versus cooler regions and
has not diminished over time, indicating limited
historical adaptation.




Recent research found that labour supply and human productivity may decrease up to
60% when ambient temperature exceeds 30-35 C

Recent research found that labour supply and human productivity may decrease up to
60% when ambient temperature exceeds 30-35 C

Recent research found that labour supply and human productivity may decrease up to

60% when ambient temperature exceeds 30-35 C

Graff Zivin, J. & Neidell, M. Temperature and the allocation of time: Implications for climate change. J. Labor Econ. 13, 1-26 (2014).




Potential Increase of Min Nighttime Temperature ( C )

Increase in the Surrounding Rural zone (2 x C0O2)

Increase in the City ( 2 x CO2)

Potential Increase of Max Daytime Temperature ( C ) Increase in the City ( 2 x CO2)+ 20 w/mZ2 anthropogenic heat

Increase in the City ( 2 x CO2)+ 60 w/m2 anthropogenic heat

Middle East (ME), Central Asia (CAs), West Africa (WAT)

West North America (WNA), East Africa (EAf), South America (SAm),
Europe (EU), Central America (CAm), East North America (ENA),
Australia and New Zealand (ANZ)

Climate change in cities due to global warming and urban effects. Mark P. McCarthy, Martin J. Best, and Richard A. Betts, GEOPHYSICAL RESEARCH LETTERS, VOL. 37, L09705



Country-level exposure to unprecedented heat (MAT =29 °C) at
2.7 °Cand 1.5 °C global warming in a world of 9.5 billion people
(around 2070 under SSP2).

Population exposed for the top 50 countries ranked under 2.7 °C
global warming (dark blue) with exposure at 1.5 °C global
warming overlaid (pale blue).

Timothy M. Lenton , Chi Xu, Jesse F. Abrams, Ashish Ghadiali, Sina Loriani, Boris Sakschewski, Caroline Zimm,
Kristie L. Ebi, Robert R. Dunn, Jens-Christian Svenning & Marten Scheffer: Quantifying the human cost of
global warming, Nature Sustainability, 2023
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There currently is a shortfall of about 330 million homes in the
world, and is expected to increase up to 440 million by 2025.

.By 2030 the additional housing needs will grow by more than 77
billion square meters of floor space, equivalent or greater than
the actual area of China

More than 225 billion square meters of floor area will be built in
emerging economies and mainly in India, Indonesia and Brazil

We add a total floor area equal to the city of Paris per week

M. Santamouris : Minimizing Energy Consumption, Energy Poverty and Global and Local Climate Change in the Built Environment: Innovating
to Zero, Causalities and Impacts in a Zero Concept World, Elsevier, 2019
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Data shows that extreme heat drives higher air conditioner
demand, with sustained average daily temperatures of 30 C
typically boosting weekly sales by around 16 %.

Cooling energy consumption in buildings may rise by 200%
and up to 2,000% by 2050, depending on the evolution of

the main economic and climatic drivers.
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Silver Coated Silica NP's The implementation of SCM in cities can reduce the peak ambient

Wavelength of 8-13 um

temperature up to 4-5 C and provide very significant energy and
health benefits.



The developed samples of the Super Cool Materials have been extensively
tested outdoors in Alice Springs, Australia, under desert conditions, to
characterize their cooling performance.

Six Samples with Different Characteristics have been designed.

The microstructure of the samples was analyzed by field emission SEM
(FESEM:; FEI Nova NanoSEM 230, 3 kV) and their element composition was
studied by EDS - Energy Dispersive Spectrometry).

Desert climatic conditions permit testing under high day time ambient
temperature and solar radiation intensity.

However, the desert atmosphere contains a high concentration of Si02 that is
highly absorbing in the atmospheric window, thus decreasing the cooling
performance of the materials.




Silica TPX Sample + ESR + Silver Pet Film

During the Day Time:

The Surface temperature of the developed Super Cool
Materials was in average 6 C lower than the ambient one
while during the peak ambient temperature the cooling of
the SCM was 3-4 C.

During the Night Time:

The Surface temperature of the SCM was almost 10 C
lower than the ambient one.
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Figure idea :Colored radiative cooling coatings using phosphor dyes : J. Xu, R. Wan, W. Xu, Z. Ma, X. Cheng, R. Yang, X. Yin



All developed materials have been tested

extensively during the summer of 2023 in Alice
Springs, in the Australian desert.

Climatic Conditions

Maximum Daytime Ambient Temperature : 27.5C
Maximum Daytime Rel Humidity : 50 %

Minimum Daytime Rel Humidity : 20 %

Average Daytime Wind Speed : 1.4 m/sec
Maximum Daytime Wind Speed : 7.2 m/sec

Maximum Solar Radiation : 750 W/m?2

Average Daytime Long Wave Radiation : 300
W/m?2



Comparison of the Urange Colored SCM against the
White SCM

During the day time the average temperature of the
white SCM was 24 C

while of the Orange SCM was 24.1 C

The orange Super Cool material exhibited during the
day time period up to 1.5 C sub-ambient
temperature.




Comparative outdoor assessment of the main
types of coatings for the built environment carried
out under similar climatic conditions
demonstrated the important progress in terms of
cooling mitigation potential.

It is found that Super Cool Materials present
almost 10-15 C lower surface temperature
than the conventional reflecting white
coatings.

In parallel, the use of Super Cool Materials can
decrease the surface temperature of dark color
citiesup to 30 C
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Results from the Heat Mitigation Study in Riyadh, KSA

- Use of white super cool materials in the roofs of the city,
can reduce the peak daytime summer temperature up to 2.8 C

- Combined use of white SCM on the roof of buildings, with
well irrigated greenery, can reduce the peak day summer
ambient temperature up to 4.6 C

- Increase of the albedo in the city by 0.4 can reduce the peak
daytime ambient temperature up to 1.5 C.

S. Haddad et al : Quantifying the Energy Impact of Heat Mitigation Technologies at the Urban Scale, Nature-Cities, 2024



The combined use of white super cool materials on the roofs of
buildings with well irrigated additional greenery provides

serious energy benefits during the summer period and decreases
considerably the cooling demand of buildings. .

Results from the Heat Mitigation Study in Riyadh, KSA

- Use of white super cool materials in the roofs of the city, can
reduce the cooling demand of buildings up to 10 %

- Combined use of white SCM on the roof of buildings, with
well irrigated greenery, can reduce the cooling demand of
buildings up to 17 %.

- Combined use of white SCM on the roof of buildings, with
well irrigated greenery and energy adaptation measures can
reduce the cooling demand of buildings up to 35 %.

S. Haddad et al : Quantifying the Energy Impact of Heat Mitigation Technologies at the Urban Scale, Nature-Cities, 2024



A study has been performed by the Department of Industry
in Australia to assess the impact of cool roofs in the major
Australian cities has concluded that:

Main Results of the Study

The implementation of cool roofs in low income houses in
Australia, not insulated buildings can decrease the peak
indoor summer temperature up to 12 C.

Cool Roofs can improve tremendously thermal comfort
during the warm period of the year and decrease
substantially heat related mortality and morbidity

S. Garshasbi, Jie Feng, Riccardo Paolini, Jean Jonathan Duverge ,Carlos Bartesaghi-Koc, Samaneh Arasteh, Ansar Khan: M.
Santamouris : On the energy impact of cool roofs in Australia, Energy and Buildings, Volume 278, 1 January 2023, 112577



https://www.sciencedirect.com/journal/energy-and-buildings/vol/278/suppl/C

Setting as a goal a minimum urban overheating and pollution
involves limiting the strength of warming and polluting sources

and increasing the strength of urban heat sinks to balance the
urban heat budget.

Achieving a Zero Urban Thermal and Pollution budget requires to:

Change the way we design, build and operate urban
buildings, spaces and infrastructures and transition to less
warming and polluting patterns and policies




Putting a Price on Urban Warming

The magnitude of overheating and pollution caused by selected
major urban activities has to be assessed and controlled.
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Boosting Sustainable Urban Investments

To accelerate urban cooling and finance urban heat mitigation and

adaptation it is critical to value urban overheating with liquidity.

The development of a voluntary Urban Warming Market could bring
urban mitigation and adaptation investments sooner to the market
and make them more affordable.
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