
Total number of major electrical grid failure events 
for U.S. power utilities (2015−2021).

A recent study by the  World Weather Attribution found that 

the heat wave was made at least 30 times more likely by 

climate change in India and Bangladesh, and that climate 

change raised temperatures by at least 2 C in many parts 

of Asia. 

Starting in April 2023, a record – breaking heat wave has 

affected many Asian Countries, Including India, 

Bangladesh, Cambodia, China, Laos, Thailand, Malaysia, 

Singapore and Thailand

Several regional temperature records have been set. The 

heat wave has caused many deaths due to heat stroke 

and has prompted health warnings and power outages 

across multiple countries



Though Warming has not be uniform across the planet 

the upaward trend in the globally averaged temperature 

shows that more areas are warming than cooling.

According to NOAA’s 2023 Annual Climate Report the 
combined land and ocean temperature has increased 
at an average rate of 0.06 C per decade since 1850. 

The rate of warming since 1982 is more than 3 times as 
fast, 0.2 C per Decade 



‘If the anomaly does not stabilize by 

August, then the world will be in 

Uncharted waters’

‘For the Past Nine Months, Mean land 

and sea surface temperatures have 

overshot previous records each month by 

up to 0.2 C  - a huge 

margin at the planetary scale’ 
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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 CO2 was up to 4 times 
higher than the threshold acceptable levels.

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

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 CO2 concentration, are performed in 
110 low-income buildings in Western Sydney and rural 
NSW, for about 12 months. 

Shamila Haddad, Riccardo Paolini, Afroditi 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



A. Hsu et al : Disproportionate Exposure to Urban Heat Island intensity 
across Major US cities, Nature Communications, 

A :Non Hispanic whites  vs all people in 
colorB : Above vs Below 
Poverty

C : Below Poverty against all people in 
color
D : Over 5 vs under 5

E : Over vs Under 65 y old

F : Over 65 White against all people in 
color
G : Under 5: Non Hispanic whites  vs all people 
in color

Mean Surface Heat Island Intensity  ( C )
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Results from 175 cities in USA correlating the 
magnitude of the surface Urban Heat Island against 
social and demographic characteristics, shown that 
immigrants, black and Hispanic population and 
vulnerable groups live in urban zones presenting a 
much higher UHI Intensity





The ‘human climate niche’ is defined as the 
historically highly
conserved distribution of relative human population 
density with respect to mean annual temperature.

Climate change has already put ~9% of people (>600 
million) 
outside this niche

Country-level exposure to unprecedented heat (MAT 
≥29 °C) at 2.7 °C and 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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The Current and Future Penetration of A/C in 

Emerging Economies per Income Group 

demonstrates that low income population will 

not have access to air conditioning. 

By 2040, a nonnegligible fraction of the 

population will be left behind. 

On 2040, between 64 and 100 million 

households out of the total number of 

households living in the four countries 

considered in the latest waves of 343 

million will face an adaptation cooling deficit
NATURE COMMUNICATIONS | (2021) 12:6460 | https://doi.org/10.1038/s41467-021-26592-2 | 
www.nature.com/naturecommunications





L. H. Schinasi et al, “Modification of the association between high ambient temperature and health by urban microclimate indicators: A systematic review and meta-analysis,” Environ. 
Res  2017

When exposed to temperature beyond a certain threshold, the 
human thermoregulation system cannot offset the impact of extreme 
heat resulting in increased global mortality and morbidity

Heat related morbidity and mortality caused by the local climate 
change, is highly alarming, and it seems to be one of the current and 
future peak scientific topics .

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



Temperature and Heat Related Mortality in Europe



Lancet has published an extended epidemiological 
investigation on the potential health effects of higher ambient 
temperatures under various climate change scenarios, 
socioeconomic and demographic conditions , public health 
status and levels of economic development.   services.

‘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



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

Numerous studies have revealed critical associations 
between temperature extremes, and mental illness  
Three types of climate-related events (acute, 
subacute, and long-lasting changes) on mental 
health are identified.   Extreme heat events that occur 
in summer could pose a serious risk to human mental 
conditions.

Meta-analysis showed that heatwaves  and extreme 
high temperatures were associated with higher risk of 
schizophrenia, mood disorders, neurotic disorders.

A strong association between increases apparent 
temperature and elevated risk of  Mental Behavioral
Disorders. 
A 99th percentile high temperature was associated 
with increased schizophrenia risk

D.Li et al:  Climatic and Meteorological Exposure and Mental and Behavioural Health. A systematic Review 
and Metanalysis. Science of the Total Environment, 2023.



Using comprehensive data from multiple 
decades for both the United States and 
Mexico, it is found that suicide rates rise 
0.7% in US counties and 2.1% in Mexican 
municipalities for a 1 °C increase in monthly 
average temperature. 

In contrast to all-cause mortality, suicide increases 
at hot temperatures and decreases at cold 

temperatures; also unlike all-cause mortality, the 
effect of temperature on suicide has not decreased 

over time and does not appear to decrease with 
rising income or the adoption of air conditioning. 

Burke et al : High Temperatures Increase Suicide Rates in the USA and Mexico, 
Nature Climatic Change 2018

This effect is similar in hotter versus cooler 
regions and has not diminished over time, 

indicating limited historical adaptation.





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 cities up to 30 
C 



TPX Polymethylpentene (PMP) is a lightweight, 
functional polymer with a unique combination of 

transparency, heat and chemical resistant properties

We optimized the influence of the silica sphere’s 
radius, sphere volume fraction, and silica-TPX layer 
thickness on the material’s optical properties and 
cooling efficiency using theoretical predictions, 
(FDTD

Jie Feng, Kai Gao, M. Santamouris, K.W. Shah and G. Ranzi : Dynamic Impact of Climate
on the Performance of Daytime Radiative Cooling Materials, Solar Energy Materials and
Solar Cells, Volume 208, May 2020, 110426
Jie Feng, M. Santamouris and K. Gao :The Radiative Cooling Efficiency of Silica Sphere
Embedded Polymethylpentene (TPX) Systems, Solar Energy Materials and Solar Cells, ,
Volume 215, 15 September 2020, 110671
Jie Feng , A, Khan and M, Santamouris : The heat mitigation potential and climatic impact
of super-cool broadband radiative coolers on a city scale Cell Reports Physical Science,
100485 July 21, 2021
Feng J Kai Gao Yue Jiang Giulia Ulpiani Djordje Krajcic Riccardo Paolini Gianluca Ranzi
and M. Santamouris : Optimization of Random Silica-Polymethylpentene (TPX) Radiative
Coolers Towards Substantial Cooling CapacitySolar Energy Materials and Solar Cells
Volume 234, January 2022, 11141

https://www.sciencedirect.com/science/journal/09270248/215/supp/C
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Testing has been carried out during five consecutive 
days. 
Day time ambient temperature varied between 25 to 
35 C
The peak solar Radiation intensity was between 800 
to 100 W/m2 

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. 

Silica TPX Sample + ESR + Silver Pet Film
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Comparison of the Colored against 
Conventional White Paint

During day time the average temperature of 
the white paint was  24.6 C 

while of the Orange SCM was 24.1 C

During noon time the orange Super Cool 
material was almost 3 C of lower surface 
temperature than the white paint.    

25/5/2023 – Alice Springs- Orange Fluorescent 
SC Material against conventional white paint. 

Max Amb. Temp : 27.4 C 
Max SR : 740 W/m2 
RH (noon) : 20 %, 
Max Atm Rad : 370 W/m2



. 

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

.  
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The developed Super Cool Materials have been 
considered as the primary heat mitigation strategy to 
decrease the ambient temperature and reduce the 
energy consumption of buildings in numerous cities. 

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.-



`

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
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