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•  The sum of the temperature 

and area of the air plus all 
the individual surfaces in a 
room, and their angle to the 
occupant 

•  relative to how much heat 
the occupant himself is 
absorbing or emitting 

•  ASHRAE Standard 55-2013 
Thermal Comfort Tool Version 2  

Check out:  
Center for the Built Environment (CBE)  

Thermal Comfort Tool – FREE 
http://comfort.cbe.berkeley.edu/ 
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71.6°	F	
	
	
69.8	°	F	

hIp://comfort.cbe.berkeley.edu/	
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PMV:		Thermal	Sensa)on	Scale		ASHRAE	Std	55	Appendix	K-1	
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•  Raise (or lower) MRT with window coverings, 
wall hangings, radiator reflectors, shading 

•  Raise (or lower) clo-value – low tech/high tech 
•  Change balance point temperature / Tstat set 

point 
•  Use different living space 
•  Arrange furniture to maximize (or minimize) 

radiant gain 
•  Use radiant space heaters for local comfort 
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© 2009 Home Remedies:Residential Energy Services 
            Conservation Connection Consulting 
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Window	surface:	
56.7°	F	

Sheer	drape	:	65.7°	F	
Sheer	&	Vinyl:	68.5°	F	
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18th	and	19th	Century	
comfort	strategy:	
snuggle	up	to	the	
heat	source!	

	
Timeless?	
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BB:BB			Simply	Radiant	

Heat Peo
ple,  

Not Space! 

Photo	of	newspaper	ad	
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Radiant heat transfer is 
based on temperature 
and emissivity and can 
either be reflected or 

absorbed  
much like light. 

Old	ReflecKve	Technology	
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•  NovithermTM 

•  U of Waterloo Solar 
Energy Lab tested 
Ø Reflect 94% of both long 

& short wave infrared 
heat  

•  Reflector Design 
Ø  Improves radiation and 

convection 

Infrared	of	Actual	Case	Building	

Reflectors	
installed	

No	reflectors	installed	
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Source:		hIp://energy.gov/energysaver/downloads/energy-savers-guide	
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Measure	 Size	 3M	Tape	

Install	 25+	Years	Benefit	Lower	⁰F	
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Ouawa	School	
27.5%	savings	
-10⁰F	boiler	setback	

Detroit	3	storey	
12.12%	savings	
-10⁰	boiler	setback	

Toronto	10	storey	
11.3%	savings	
No	boiler	setback	

Montreal	11	storey	
18.3%	savings	
-10⁰	boiler	setback	

Mississauga	14	storey	
12.6%	savings	
No	boiler	setback	Oakville	TD	Bank	

16.74%	Savings	
-20⁰	boiler	setback	
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hIp://www.greenbuildermedia.com	

www.wri
sKfyme.com	
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hIp://redmountaininsights.com/Wearable-Technology-Market-Trends-through-2018-I3642?ref=cc	
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•  P. Ole Fanger, Thermal Comfort: Analysis and Applications in Environmental Engineering, 1970, NY, 

McGraw Hill 
•  ASHRAE Standards for purchase http://www.techstreet.com/products/1868610  
•  Robert Bean  Thermal Comfort Ambassador.  Many thermal comfort links. Top notch resource 

www.homeheating.com 
•  Comfort Calculator  http://www.healthyheating.com/solutions.htm#.VpWC7U-M6Dk 
•  Climate Science in Four Pictures Sightline.org/FlashCards  
•  Allison Bailes III physicist, author, & blogger at Energy Vanguard 

http://www.energyvanguard.com/blog-building-science-HERS-BPI/bid/48800/Naked-People-Need-
Building-Science    

•  An Annotated Bibliography of Comfort Research 
http://www.lancaster.ac.uk/fass/projects/futcom/comfort_biblio.pdf 

•  Emma Bryce TED talk on Metabolism 
•  Insulation: First The Body, Then The Home 

http://www.lowtechmagazine.com/2011/02/body-insulation-thermal-underwear.html 
•  Thermal Comfort Tool – FREE--Center for the Built Environment (CBE) http://comfort.cbe.berkeley.edu/ 
•  Linda Wigington, Creative Comfort & Deep Energy Reductions www.thousandhomechallenge.org 
•  Coping with Comfort Complaints: Top Causes, Investigation Methods, and Solutions Webinar 

hIp://homeenergypros.lbl.gov/forum/topics/bpi-launches-homeowner-blog?xg_source=msg_mes_network	

Cjohn Straube Chttp://buildingscience.com/documents/insights/bsi-022-the-perfect-hvac 
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Solomon,	2011,	www.healthyheaKng.com						

“Condi1on	
of	Mind”	

Physics	

Physiology	

Psychology	Culture	

Climate	
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Source:	Sightline.org	Flash	Cards	Great	Resource	



Human	Thermal	Comfort,		Energy	Design		Conf		&	Expo	Feb.	23,	2016	 12	



Human	Thermal	Comfort,		Design		Conf		&	Expo	Feb.	23,	2016	 Rana	Belshe			73	

 
How can we change and/or 

foster comfort perceptions that 
improve our individual, 
community, and societal 

resilience? 
   

Tomorrow	belongs	to	those	who	can	hear	it	coming.		
	

		 	 	 	~	David	Bowie	
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Rana Belshe 
Conservation Connection 

Consulting  
715-334-2707 

ranabelshe@centurytel.net 

With THANKS to colleagues in comfort   
Tom Wilson, Linda Wigington, Larry Kinney & Robert Bean  
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