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Current Status of Asian Climate Crisis
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Current Status of Asian Climate Crisis

O Death: 1990-2019 saw over 153K heatwave deaths globally, half in Asia (India, China, Russia top 3).

O Social labor: 2022 heatwaves caused 38.3billion work-hour losses, up 20% in 20 years.
] Economy: 2022 heatwave cost $313.5billion (1.91% of GDP) due to labor productivity loss.
[0 Energy: Prolonged heatwaves surged summer AC demand, while concurrent drought reduced

hydropower supply, triggering power supply crises.

RCRAAR, RCFRRE iR SIRBHRARREERK Xig M RBEEE R B

- . Izozz vs 1986-2005 9 I 2022 vs 1986-2005 |2°2° vs 1986-2005 l 2022 v 20012005 \ -y - ;s 2021 vs. 2004
i* | 2039 Aaul2ao % 1120% Ak I54% -~ 68%

ADIHGAERERY  AREEREESRTRE FESREMKOAOTHY  FXANRR SEAEBEENSREEY

| 2022 vs 1986-2005 .I 2022 vs 1986-2005 o?‘(" I 2020 vs 1986-2005 ‘ 9 otyo
342% K 168% %% 1906% 6.9%

m RIBRFEC AL gé§3&§ﬁﬂ%ﬁﬁ§l}:‘9l- FESTRERBOAOTY

ARG E L0
ERRABLEH

A. Annual No. of heatwave days

4.1-50
51-70
7.1-9.0
9.1-10.0
10.1-12.0
12.1-14.0
14.1-16.0
161-17.0
17.1-20.0

Ratio %

<0.02
0.02-0.20
0.21-040
0.41-0.50
0.51-0.80
0.81-1.01
1.01-13
1.31-160
1.61-1.80
>19.0

Global, regional, and national burden of heatwave-related mortality from 1990 to 2019: A three-stage modelling study | PLOS Medicine
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https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1004364

The thermal health issues caused by environment are increasingly severe
RINE SERVVE R O H IR

% 4%

Tsinghua University

O

O

Vulnerable groups face rising heat-related disease incidence.

. _~ 3.1 billion person-days (old people over-65s).
Heatwave exposure days increased by

626 million person-days (children under 1).
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N. Watts, et al., The 2020 report of The Lancet Countdown on health and climate change: responding to converging crises, The Lancet, 397 (2021) 129-170.
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The thermal health issues caused by environment are increasingly severe
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Hot Health paper published in the Lancet (2021): Pro. Wouter van Marken Lichtenbel from the Netherlands:

“Thermal environment affects human endocrine and
metabolic systems.”

“Reveals the mechanism among thermal environment,
human physiological response, and human health.”
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1. K.L. Ebi, A. Capon, P. Berry, C. Broderick, R. de Dear, G, Hot weather and heat extremes: health risks, The Lancet, 398 (2021) 698-708.

2. 0. Jay, A. Capon, P. Berry, C. Broderick, R. de Dear, G, Reducing the health effects of hot weather and heat extremes: from personal cooling strategies to green cities, The Lancet, 398 (2021) 709-724.

3. W. Lichtenbelt, et al. The future of brown adipose tissues in the treatment of type 2 diabetes, Diabetologia, 2015, 58 (8) :1704-1707¢ 5
4. W. Lichtenbelt, et al. Cold-Activated Brown Adipose Tissue in Healthy Men. The New England Journal of Medicine, 2009, 360(15): 1500—1508.



The building sector plays an important role
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Humans spend 90% of time indoors, making

healthy & efficient building thermal environments
vital for thermal health.

BlllldlllgS are major sources of greenhouse
gas emissions and a cause of climate crisis.
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The inadequacies of traditional building systems
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The demand for future technological R&D in the building sector
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Contradiction : Dilemma: Waste :
Static building envelopes —= Air-conditioning popularity 1 Overall supply O
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Technical Needs for Buildings to Address Climate Change & Heat Risks:
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The demand for future technological R&D in the building sector
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Our Team’s Technical Explorations

*New technology for non-transparent building envelopes: thermal diode roofs
*New technology for transparent building envelopes: smart windows

*New technology for local built environment: radiant-convective workstation terminals



Non-transparent building envelopes: thermal diode roofs
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* Implementation method: Jumping-droplet thermal diode

- Innovative working mechanism with excellent unidirectional heat transfer capability

a)

Superhydrophilic surface

Insulating gaskets with
high thermal resistance

Superhydrophobic surface

3&% Lower temperature

(a) Superhydrophobic plate

Superhydrophilic plate

wh g '
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N

Forward Mode (a) : For heat removal

Reverse mode (b)

Higher temperature

Superhydrophobic plate

Superhydrophilic plate

% Lower temperature

. For thermal insulation

— forward, W/m-K

— reverse, W/m-K

Differences in working modes

¥

Passive insulation and heat
dissipation in buildings

Forward mode: Water evaporates for phase change heat transfer, condenses on the upper side
Reverse mode: No internal phase change heat transfer, only ineffective thermal conductivity
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Non-transparent building envelopes: thermal diode roofs
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« Fabrication of the novel thermal diode
- The thermal diodes manufactured mainly consist of aluminum and copper plates

- Manufacturing mainly includes superhydrophilic surface and superhydrophobic surface

/.\‘/

superhydrophilic plate
thermally insulating gasket

superhydrophobic plate

Laser fabricated groove structure 50um + low surface energy coating-CA 160°-RA 7° 11




Non-transparent building envelopes: thermal diode roofs
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 Jumping droplet thermal diodes combined with building envelope

- Application in the field of building envelope to achieve passive energy saving

- Initially used on building roofs to insulate heat during the day and passively exhaust heat at night
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Air channel

Cross-flow fan
Inner structural layer
Channel switch

Jumping droplet thermal diodes combined with
building roofs, dynamically adjustable
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Energy consumption /kWh/m?

Non-transparent building envelopes: thermal diode roofs
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Simulation results of energy consumption in different climate zones

- Seven Chinese cities in seven climate zones were selected for simulation with CDDIO from high to low
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» The building envelope has a certain energy saving potential in terms of cooling energy consumption, which
reaches 12.30-21.59%

» The passive temperature difference is 3-5°C -




Non-transparent building envelopes: smart windows
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Adjustable smart windows: composed of dimming material and glass and other substrates,
their solar radiation transmittance can be actively/passively adjusted

- Traditional static transparent envelopes: 2 Smart windows:
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Smart window- Adaptive regulation achieves global energy-saving benefits
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Many types of smart window-related
technologies

Thermochromic smart window
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Smart window- Efficient light-thermal control
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Building conditio
* Climatic and location
Outdoor | . Season and time period
* Building type and size
* Envelope structure

Energy
performance

Adaptive facade

* Window orientation
Facade * Glazing ratio
* Thermal parameters
* Optical parameters
 Control strategy

® Comfortable thermal environment

® Healthy light environment

Environmental
performance

Parameter setting
* Occupancy and schedule
Indoor * Internal heat gain

* HVAC setpoint

 User control

* Equipment performance
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Radiant-Convective Workstation Terminals-Technical principle
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Radiant-convective workstation terminal: creates localized environmental conditions to meet personalized
comfort needs, shaping a customized micro-environment to cope with climate change

“Partial-time, localized spaces” Concept
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Precise thermal regulation enhances individual thermal comfort
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The terminal creates a comfortable thermal environment that promotes heat health

Terminal usage pattern

Heating Cooling
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Copes with extreme climates to safeguard personnel thermal health
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During extreme climate events, a thermally neutral environment is maintained to mitigate thermal stress,
particularly benefiting vulnerable populations such as the elderly and those with chronic conditions.
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Heat wave

* Cold wave
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