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Energy	mediator	devices=	Human	skin	&	Building	skin		
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HOW	THE	BODY	EXCHANGE	THERMAL	ENERGY	
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Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	
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Thermal	comfort	exists	when	a	body’s	heat	
loss	equals	its	heat	gain	or	vice	versa.	
The	body	exchanges:	
·62%	of	this	heat	via	radia8on,	
·15%	by	evapora8on,	
·10%	by	convec8on,	
·10%	by	respira8on	and	
·3%	by	conduc8on.	
hTp://www2.ecospecifier.org/	

Rela+vely	small	changes	in	mean	radiant	
temperature	have	a	far	greater	effect	than	similar	
changes	in	air	temperatures	(Ballinger	1992).		
This	gives	rise	to	the	importance	of	recognising	the	
overall	Environmental	Temperature	[T(env)],	as	
opposed	to	just	the	dry	bulb	temperature.	
									

T(env)	=							2/3	Mean	radiant	surface	temperature	+	1/3	Air	temperature	

HOW	THE	BODY	EXCHANGE	THERMAL	ENERGY	

Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	

Environmental	Temperature	
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Body	ac8ons	to	mantain	thermal	equilibrium	

Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	
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THERMAL	BODY	COMFORT	

DIFFERENT	HUMAN	THERMAL	ZONES	

Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	
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1	hundred	billion	

Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	

Body	ac8ons	to	mantain	thermal	equilibrium	

COLD	 HOT	
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EFFECT	OF	WIND	ON	TEMPERATURE	(Apparent	Temperature)	
Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	
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Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	
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WIND	CHILL-	Siple	e	Passel	del	1945	reviewed	in	2001	
Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	
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Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	

HUMIDEX-	PERCEIVED	TEMPERATURE		
AND	DISCOMFORT	INDEX	(range	20°C-55°C)	
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HUMIDEX-	PERCEIVED	TEMPERATURE	AND	DISCOMFORT	INDEX		
(range	20°C-55°C)	

Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	



Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	



Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	



Dew	point	temperature	

Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	



Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	

Equivalence	between	dry	and	wet	bulb	temperature	



EffecPve	Temperature	&	THERMAL	COMFORT	ZONE	
Using	wet	bulb	temperature	

	

Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	

35°	

The	humidex	is	a	Canadian	crea8on	first	used	in	1965	

EFFECTIVE	TEMPERATURE	&	THERMAL	COMFORT	ZONE	



Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	

Stroke	Danger	Line	(dry	and	wet	bulb	temperature)	
1	CLO	
1	MET	

35°	26°	

EFFECTIVE	TEMPERATURE	&	THERMAL	COMFORT	ZONE	
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Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	

EFFECTIVE	TEMPERATURE	&	THERMAL	COMFORT	ZONE	
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Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	

10°-17-19°	

EFFECTIVE	TEMPERATURE	&	THERMAL	COMFORT	ZONE	_	Using	wet	bulb	temperature	
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Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	

10°-17-19°	

EFFECTIVE	TEMPERATURE	&	THERMAL	COMFORT	ZONE	_	Using	wet	bulb	temperature	
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Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	

11°-16-18°	

EFFECTIVE	TEMPERATURE	&	THERMAL	COMFORT	ZONE	_	Using	wet	bulb	temperature	
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Monthly	averages	of	air	and	
wet	bulb	temperature,	
rela8ve	humidity	and	global	
radia8on	on	a	horizontal	
surface	in	Dubai.	

IDENTIFYING	THE	COMFORT	PERIOD	
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period	to	be	cooled	comfortable	period	

C		O		M		F		O		R		T												R		A		N		G		E				(Ta)	

Monthly	averages	of	air	and	
wet	bulb	temperature,	
rela8ve	humidity	and	global	
radia8on	on	a	horizontal	
surface	in	Dubai.	

IDENTIFYING	THE	COMFORT	PERIOD	
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C		O		M		F		O		R		T												R		A		N		G		E				(Twb)	

period	to	be	cooled	comfortable	period	

C		O		M		F		O		R		T												R		A		N		G		E				(Ta)	

Monthly	averages	of	air	and	
wet	bulb	temperature,	
rela8ve	humidity	and	global	
radia8on	on	a	horizontal	
surface	in	Dubai.	

IDENTIFYING	THE	COMFORT	PERIOD	
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C		O		M		F		O		R		T												R		A		N		G		E				(Twb)	

period	to	be	cooled	comfortable	period	

dehumidificaPon	

C		O		M		F		O		R		T												R		A		N		G		E				(Ta)	

Monthly	averages	of	air	and	
wet	bulb	temperature,	
rela8ve	humidity	and	global	
radia8on	on	a	horizontal	
surface	in	Dubai.	

dehumidificaPon	

dehumidifica8on	 dehumidifica8on	

IDENTIFYING	THE	COMFORT	PERIOD	
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55%	RH	

30%	RH	
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Winter	comfort	area	
Summer	comfort	area	

hTp://www.energy-design-tools.aud.ucla.edu/	Ecotec	output	from	climate-consultant	

IDENTIFYING	THE	COMFORT	PERIOD	
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1met	=	50kcal/hm²=0,05815Kw/hsqm	
1	kcal		=		4.190	J	=	1.164	Wh.		
	
1	BTU/h	p2=	5,6783	w/h	mq	
1	w/h	mq=	0,17610904672173	BTU/h	p2	
hTp://www.the-engineering-page.com/conv/u.html	
	
1	BTU	=	252	cal			
1	BTU	=	1,055056	kJ	
1	W=	3,412	BTU/h	=	1J/s	
1	Kcal=	0,00116	Kw/h	
hTp://www.convertworld.com	

Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	

58,15	W/M2	
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100	waT/h	

Average	body	surface		
Male=	2	mq	
Female=	1,75	

	

Sidng	AcPvity	Met	=	1	
=	50kcal/hsqm=0,05815Kw/hsqm	
	

	

100	waT/h	

Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	
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Conver8ng	the	excess	heat	generated	by	the		
Stockholm	Central	Sta8on’s		2500	daily	users		
to	hot	water	and	pump	it	to	the	nearby		
Kungsbrohuset	office	block.	
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Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	
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Ideal	Environmental	
temperature	
	
Winter	19°-21°C	
Summer	25°-26°C		

20	25	

26	

24	 19	

23	

THERMAL	COMFORT	ZONE	
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>to	access	the	tool:		hTp://comfort.cbe.berkeley.edu/EN	

	The	PMV	model	can	be	applied	to	air	condi8oned	buildings,		
The	AdapPve	model	can	be	generally	applied	only	to	buildings	where	no	mechanical	systems	have	been	installed	

THERMAL	COMFORT	ZONE	
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