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Cooling degree days – Rodell et al - www.energy-a.eu 

People living in the Tropics: ~40% (2019) to 60% (2060)



How satisfied are you with the temperature of your workspace?

Cheung et al 2019 Ongoing work



100 – 1500 W
Thousands $

Energy savings and inexpensive

2-30 W
Hundreds $



Saving energy: Simulations

Schiavon & Melikov 2008 Energy and Buildings - Hoyt et al. 2015 Building and Environment. 
Duarte, Raftery, Schiavon 2017 Energy Technology and Rim, Schiavon, Nazaroff 2015 PLOS ONE



Energy savings: Measured in real building

Miller, Raftery et al. 2019 Ongoing research
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People want it: Air movement preference
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From ASHRAE Global Thermal Comfort Database II Source: CBE

Across all comfort conditions 
N=35,000

For occupants who feel ‘slightly warm’
N=6,400

Want more No change Want less



Source: Aeratron



Conventional operation

Source: Dana Miller
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Conventional operation

Source: Dana Miller
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‘Fans first’ staged cooling with fans and AC

Source: Dana Miller
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‘Fans first’ staged cooling with fans and AC

Source: Dana Miller
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‘Fans first’ staged cooling with fans and AC

Source: Dana Miller

77 ⁰F

Air temperature Cooling setpointCooling setpoint

26 2724



‘Fans first’ staged cooling with fans and AC

Source: Dana Miller
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Why challenging? 

Technical Regulatory Cultural



Cooling fan efficiency index (now included in ASHRAE 216)

Schiavon & Melikov 2009 HVAC&R Research  Photo source: Aeratron and Dyson



Shuo, Lipczynska, Schiavon, Arens 2018 Building and Environment https://cbe-berkeley.shinyapps.io/single-fan



Raftery et al. 2019 Building and Environment



DC motors better than AC

19
Yang, Schiavon, Sekhar, Cheong, Tham, Nazaroff 2014 Building and Environment



Ankle draft risk model (added to ASHRAE 55)

Liu, Schiavon, Kabanshi & Nazaroff 2017 Indoor Air



Personally controlled fan in Singapore

Schiavon et al 2017 Indoor Air
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BOSCH field study

Lipczynska, Schiavon and Graham 2018 Building and Environment
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Tracking fan using geofence and camera-based indoor localization

Liu, Yin, Ho, Ling, Schiavon 2017 Building and Environment



Source: Aeratron



US provisional patent No. 62/307,223 Schiavon, Ho, Ling, Liu, Yin. Figure top right: DPR HQ, Phoenix AZ



Update standards: ASHRAE Standard 55



Hoyt & Schiavon et al CBE Thermal Comfort Tool for ASHRAE-55 comfort.cbe.berkeley.edu



New standards: ASHRAE Standard 216



50’s ads – the role 
women, beauty, 
venience & nature



Commonwealth Club, San Francisco, CA



Bullitt Center, Seattle, WA



Rocky Mountain Institute, Basalt, CO



435 Indio Way, Bay Area, CA



Davis, CA



Bosch, Singapore



og.bosch-si.com/building/connected-canteen-iot-project-singapore/



NUS SDE4 - Kessling et al. 2016 PLEA. Photo R Gardiner



Save money and increase comfort at home in Singapore

https://www.e2singapore.gov.sg/households/saving-energy-at-home



Muji Circulator Fan 



MUJI desk fan



Miniso fans



Dyson fans



Future research needs

• Should we use ceiling or desk fans?
• How to coordinate and control fans?
• How can we mitigate the lack of homogeneity generated by ceiling fans?
• Can we have air movement without visible rotating blades?
• How much can we reduce ductwork and number of diffusers?

We do not have
• Simplified model to predict air distribution without the need of CFD
• Lab to test and certify fans performance
• Design guidelines



Photo: G. Paliaga



A Academy ZEB+ building renovation



David and Lucile Packard Foundation HQ 

Thank you
schiavon@berkeley.edu





How satisfied are you with the temperature of your workspace?

Karmann, Schiavon, Arens 2018 Windsor Conference



Thermal pleasure

Source: Thomas Parkinson - Modified after Mower, 1976



George Washington’s Fan Chair, Mt Vernon, VA, circa 1790,



CBE Indoor Environmental Quality survey

cbe.berkeley.edu/survey  Leader: Lindsay Graham

Overall building 

Overall workplace 

Acoustic quality 

Air quality 

Cleanliness & maintenance 

Lighting 

Office furnishings 

Office layout 

Thermal Comfort 



CBE personal comfort systems - desk fan, foot warmer, heated and cooled chair




