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* How to achieve low energy building?
1. Appropriate indoor thermal environment
2. Reasonable architecture design

3. Low energy thermal environment control

facilities
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mixing.” International Conference on Environmental Ergonomics, Boston.
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environment

Indoor thermal comfort standard
and evaluation index are key point
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« Although the adaptive effect has been recognized widely by researchers,
but the mechanism has not been yet included in the model — partially due
to the imperfection of old database
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Tsinghua Univ.: PTS model (Predicted Thermal Sensation)

PTS = f(t, RH,v,, MRT, Met, clo, indoor/outdoor thermal experience, psychological adaption)
International Climate Zones
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* Mixed-mode building=Free running + Air-conditioning

* In many Asia countries, most buildings are mixed-mode
buildings

+ We found that thermal adaptation is also
present in mixed-mode buildings

+ Adaptive opportunities :

— Natural ventilation, shading, solar radiation, change cloth, drink
cold/hot drinks......

— Electric fan, air-conditioner, personal comfort system(PCS)
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Not always high insulation and
air tight are reasonable
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Strategy: open spaces, natural ventilation, local
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e Adaptive opportunities: Personal fans, window openings, clothing

o Electrcity: 56.99 kWh/m2a, with equipment load
37.87 kWh/m?2a, without equipment load
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3. Low energy thermal
environment control facilities

PCS: Personal Comfort System
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Personal Comfort Systems "

Referring to devices (and their combinations) that provide personal
environmental control of the thermal and air quality conditions
directly surrounding the occupant.

They may also be referred as Personal Environment Control (PEC) systems, Personal
Ventilation (PV), Personal Climatization Systems (PCS), Individually Controlled
Systems (ICS), Task-Ambient Conditioning (TAC) ,etc., in existing literatures with
different emphasis.
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= Floor Fans \ e
w Task Fans u Ceiling-mounted air jets

w Task air jets  Keyboard cooler

w_ Movable Task air jets  Palm warmer  Head ventiation

® Desk-edge airjet  Side it et
- W Headset vent
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 Lower-part aiejets  Under-deik fans  Heating Panel

Zigiao Li. Loughborough University. UK 8 Footwamer 8 Underdeskhestng
8 Heated floor 8 Heating/cooling chair
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@ battery-powered

@ seat and back separately

controlled

@ four levels of heating or
cooling

o total maximum power is

Mesh PCS chair 14 W for heating and 3.6

W for cooling
UC Berkeley
Ed. Arens & Hui Zhang

Semiconductor refrigeration
Contacted cooling chair

Tsinghua University

EBC Webinar: The Science and Communication of Energy-Efficient Indoor Envir -10t" N ber 2020 24

24



IEA Energy in Buildings and Communities TCP E @

JC berkeiley e L
Foot-warmer
30W For Stable Use Wrist-pad
Desk fan
Infrared
occupanc
y sensor re SWiLQh For
Occupancy
=2WRD WEIITIEU Heated Insloe 70 “HFER
=0.90
Maximum D
input power P\ o
is 7 W for =\
h— heating and \\
24 Wf ] "
Knob for level control © 2.4W for both coolingor .
Red for foot-warmer insole together; )
Blue for fan ® wirelessly charged

EBC Webinar: The Science and Communication of Energy-Efficient Indoor Environments - 10" November 2020 25

25

IEA Energy in Buildings and Communities TCP E @

. - = 1 ‘ 2 1 o~ p )
1o -] ‘ D 1O bl P ‘ 1 rJ ” D Energy in Buildings and
Communities Programme

UC Berkeley
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« Contact cooling chair, surface temperature demand is 25~28°C
* Subject can keep thermal neutral when ambient T=30°C

EXP.0 Find the neutral ambient temperature of each subject

copper tube
heat exchanger

20 min caisficd?
== M’

20 min

40 min

T, range of 16 subjects:
25 1£1.1°C

EXP.1-3 Local cooling is available and adjustable, when
ambient temperature is 2,4,6°C higher than neutral
respectively.

Chair for back & buttocks

N ™ 1. contral 2. back 3. buttocks 4. combined
cooling by Peltier effect group  break  cooling  break  cooling  break  cooling
N . min Y 0min EEY 0w EEEY 30 min
Contact cooling Chair =i 1

Hecheng Yang et al. Study on the local and overall thermal perceptions under iform thermal exposure using a cooling chair.
Building and Environment. 176 (2020) 106864. (online)
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* Local cooling can significantly reduce overall thermal sensation
and improve overall thermal comfort. The corrective power can
be 2~4°C, e.g. 28~30°C = 26°C (neutral)

+ Back cooling is slightly more effective than cooling on buttocks.
Combined cooling shows the best effect.

Overall thermal sensation Overall thermal comfort

hot ' (wmm control h +> r [2) 1 r 123 1 T 123 1
W back cooling comfort. (3 ez al el
3 buttocks cooling
warm - ined cooling B () M s
dlightly ry $ neutral ry z
¢ <
warm . ¢ * b slightl 2
+ o 8 Yy * . *
M uncomf ¢
neutral [t vz £
$ . a8 uncomt i control ¢ *
. [ — s W back cooling ¢ 'Y
slightly very [EE buttocks cooling
cool [, S o SO0 uncomf. MM combined cooling| *
L Xk J L Xk J L Xk J
+2 +4 +6 +2 +4 +6

Ambient temp. — Neutral temp. Ambient temp. — Neutral temp.
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» Electricity consumption for cooling in Beijing office
building is about 40 kWh/m?a, 77% energy saving
means it = 9.2 kWh/m?a

» Electricity consumption of the fan of cooling chair
(UCB) is 3.6 W/chair, ~0.6 kWh/m?a

Pasut W, Zhang H, Arens E, Zhai YC. Energy-efficient comfort with a heated/cooled chair:
Results from human subject tests. Build Environ. 2015;84:10-21.

* For contact cooling chair, electrocaloric effect is a very
promising micro refrigeration approach, COP=10.0

P(VDF-TrFE-CFE)
Terpolymer

(i

«(VDF)- ~«TeFE)- ~«(CFE)-
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Thanks for your attention!
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