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Background：Low Energy Buildings

• How to achieve low energy building?

1. Appropriate indoor thermal environment

2. Reasonable architecture design

3. Low energy thermal environment control 

facilities

2



2019/6/15

2

Why “Adaptive Thermal Comfort”?
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Comfort Zone 
of Category A
EN ISO-7730

The narrower, 
the better? 

B

C

A

ISO 7730

EN 15251

PMV-PPD Model

For Air-conditioned 
building

Energy costs of tight temperature control

As temperature 
control technologies 

have improved, dead-
bands in buildings 
become narrower

We now rate 
buildings on their 

thermal 
imperceptibility.

However the amount 
of  HVAC energy 

demand increases 
profoundly with such 

tight control.

Hoyt et al. (2009) “Energy savings from extended air temperature setpoints and reductions in room air

mixing.” International Conference on Environmental Ergonomics, Boston.
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1. Appropriate indoor thermal 
environment

Indoor thermal comfort standard 
and evaluation index are key point
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ASHRAE RP-884: 21000+ data from 4 continents

SCATs: 31000+ data from 5 European countries

ASHRAE RP-884 data
SCATs data

Old databases:
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Adaptive thermal comfort model

 ASHRAE Std. 55

 EN 15251

For Free-running building

Prevailing mean outdoor temperature (C)
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Shortages: Quality of original data was ragged; Format and information 
were not unified; Lack of data from many important climate zones
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Prevailing mean outdoor temperature (C)
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Adaptive thermal comfort model: 

Problems and Challenges

• 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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How physiological 
adaption, psychological 
adaption, occupants’ 
behavior work along 
with thermal balance?  

8.1731.0 ,  moutcomf TT

ASHRAE RP-884 data
SCATs data

What we have done
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ASHRAE  Global Thermal 

Comfort Database II

Old Data

New Data

6  Continents, 22 Countries, 55 cities; >180,000 new data 
Denmark, Iran, Japan, USA, Nigeria, China, Phillipines, Singapore, 
Australia, India, Slovakia, Italy, Tunisia, South Africa, UK, weden, 
Portugal, Greece, France, Brazil, Korea

ASHRAE  Global Thermal 

Comfort Database I

First step: thermal 
comfort database
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The adaptive thermal comfort model with 

mechanism  1, SET based model
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Tsinghua Univ.: PTS model (Predicted Thermal Sensation) 

Data source: ASHRAE Global 

Thermal Comfort Database II

Number of samples: 5043 

Data source: ASHRAE Global 

Thermal Comfort Database I

Number of samples: 20693

𝑷𝑻𝑺 = 𝒇(𝒕𝒂,𝑹𝑯, 𝒗𝒂, MRT, Met, clo, indoor/outdoor thermal experience, psychological adaption) 
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International Climate Zones

SET
The slope and intercept 
reflect different thermal 
adaptation levels.

The adaptive thermal comfort model with 
mechanism2, PMV based model

10
Marcel Schweiker & Andreas Wagner, 2015



2019/6/15

6

What thermal comfort model should 
be used for mixed-mode building?

• 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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2. Reasonable 
architecture design
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kWh

A Mixed-mode office building, Shenzhen, China
Subtropical area, humid and warm climate
Strategy: open spaces, natural ventilation, local controlled 
AC, 60% energy consumption

60.2kWh

103.6kWh
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a

Natural ventilation period 

Air conditioning period 

AC>82%

NV>79%

Office building in Guian, China
Free-running building, Moderate climate zone
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Ceiling fans and 
underground duct 
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Office building, Wollongong, Australia

Maritime climate zone

Mixed-mode building
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Type of building: mixed-mode, net zero energy 

Adaptive opportunities 
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Office building, mixed-mode, Ahmedabad, India. Hot climate

Adaptive opportunities: Personal fans, window openings, clothing

Electrcity:  56.99 kWh/m2a, with equipment load

37.87 kWh/m2a, without equipment load
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3. Low energy thermal 
environment control facilities

PCS: Personal comfort system

21

22

PCS 
concept
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The heated/cooled chair

Mesh PCS chair

UC Berkeley
Ed.  Arens & Hui Zhang

 battery-powered
 seat and back separately 

controlled 
 four levels of heating or 

cooling
 total maximum power is 

14 W for heating and 3.6 
W for cooling

Semiconductor refrigeration
Contacted cooling chair
Tsinghua University

Desk fan

Maximum 

input power is 

7 W for 

heating and 

2.4 W for 

cooling 

Wrist-pad

Heated Insloe

 2.4W for both 
insole together;

wirelessly charged

<2W power input

Knob for level control

Red for foot-warmer

Blue for fan

Infrared 
occupancy 
sensor

30W For Stable Use

Pressure Switch For 

Occupancy 

Foot-warmerUC Berkeley
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Scenario for using PCS

26

Wearable PCSs
Tsinghua University
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Operating Agents:

Yingxin Zhu

Tsinghua 

University

China

Thanks for your attention!

Richard de Dear

The University of 

Sydney

Australia

Secretary:

Bin Cao

Tsinghua 

University

China


