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	RESEARCH	AND	THE	ENVIRONMENT	

§ CORRELATION	
§  A	MUTUAL	RELATIONSHIP	OR	CONNECTION	
BETWEEN	TWO	OR	MORE	THINGS.	

§ CAUSALITY	
§  THE	ACTION	OF	CAUSING	SOMETHING	

Amazon	Rain	Forest	–	What’s	it	do	and	how?	



• Structures	have	become	tighter	with	lower	infiltration	
rates.	

• In	early	1900s,	small	structures	used	approximately	50	
materials	used	in	construction.	By	less	than100	years	later,	
this	list	had	grown	to	about??	

• High	moisture	can	trigger	asthma	attacks.++	

+ Raw GJ. Sick building syndrome: a review of the evidence on causes and solutions. 
HSE Contract Research Report no. 42. Building Research Establishment, Garson Watford, 1992. 
++ ERT Associates. Asthma and weatherization in Maine. National Center for Heathy Housing, 2006. 
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55,000!+	

IAQ and Ventilation in Perspective	

Courtesy	of	Rick	Karg	RED	
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§  EARLY	HUMANS	-	FIRE	AND	SMOKE	

§  EGYPTIAN	STONE	CARVERS	

§  MIDDLE	AGES	–	DISEASES	

§  1775	–	LAVOISIER	–	CO2	

§  1970’S	DUE	TO	THE	ENERGY	CRISIS,	TO	CONSERVE	
ENERGY	IN	THE	US	REDUCES	VENTILATION	RATES		

§  LED	TO	“SICK	BUILDING	SYNDROME”	

	

	HISTORY	OF	VENTILATION	

“I	am	persuaded	that	no	
common	air	is	so	unwholesome	
as	the	air	within	a	closed	room	
that	has	been	often	breathed	
and	not	changed.”	



• How	much	water	do	we	drink	daily?	
•  4	lbs	

	
• How	much	food	do	we	eat	daily?	

•  4	lbs	
	
• How	much	air	do	we	breath	daily?	

•  31	lbs	
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Trivia	
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	WHY	VENTILATE	-	IAQ	

	
Poor	indoor	air	quality	has	a	tremendous	impact	on	the	health	and	comfort	of	office	
workers.	It	is	estimated	that	IAQ	problems	cost	the	US	economy	as	much	as	$168	billion	
per	year.	
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	WHY	VENTILATE	-	IAQ	
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AMERICANS	SPEND	90%	OF	THEIR	TIME	INDOORS	
§  INDOOR	AIR	IS	2X-5X	AND	AS	MUCH	AS	100X	
MORE	POLLUTED	(EPA)	

§  30%	OF	COMMERCIAL	BUILDINGS	AFFECTED	BY	
INDOOR	AIR	POLLUTION	(EPA)	

§  POOR	IAQ	LEADS	TO	REDUCED	EMPLOYEE	
PRODUCTIVITY,	POOR	STUDENT	PERFORMANCE	
AND	DISCOMFORT.	

§  POOR	IAQ	COST	THE	U.S	ECONOMY	$168	
BILLION/YR	(AIR	MD)	

	

	WHY	VENTILATE	-	CONTAMINANTS	



9	

ACCORDING	TO	STUDY	OF	75,000	HIGH	SCHOOL	STUDENTS	IN	NYC	
§  STUDENTS	WERE	12.3%	MORE	LIKELY	TO	FAIL	AN	EXAM	ON	A	90°F	DAY	
VERSUS	A	75°F	DAY	

§  POOR	VENTILATION	IN	SCHOOLS	WAS	ASSOCIATED	WITH	STUDENT	
FATIGUE,	LOWER	ATTENTION	SPAN,	AND	LOSS	OF	CONCENTRATION	

§  MORE	THAN	60,000,	OR	46%,	OF	ALL	U.S.	PUBLIC	SCHOOLS	HAVE	
CONDITIONS	THAT	CONTRIBUTE	TO	POOR	INDOOR	ENVIRONMENTAL	
QUALITY	(EPA)	

	

	WHY	VENTILATE	-	CONTAMINANTS	
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	WHY	VENTILATE	-	CONTAMINANTS	
• What	Always	Comes	to	Mind	

•  Moisture	and	Mold	
•  Odor	

• What	Often	Comes	to	Mind	
•  Carbon	Monoxide	
•  Carbon	Dioxide	
•  Radon	

• What	Occasionally	Comes	to	Mind	
•  Particles	(PM2.5)	
•  Nitrogen	Dioxide	
•  Formaldehyde	
•  Ozone	
•  VOC	
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Analysis of captured gases found more than twenty-five 

(25) volatile organic combinations which included seven 

(7) hazardous pollutants. Two of the chemicals, 

acetaldehyde, and benzene are grouped as carcinogens 

by the Environmental Protection Agency. 

Interestingly, there are no regulations on dryer emission. 

According to the research study, emission from the dryer 

vents (using the top five brands of laundry soap 

detergent) in the Seattle (Washington) area alone would 

constitute six percent (6%) of automobile emission of 

acetaldehyde. 

 
Reference: 11 APR, 2016 author: Dr. Don Colbert 

	IAQ – IT DOES NOT STOP THERE	



COMMERCIAL	VENTILATION	–	ASHRAE	min.?	
STALE	AIR	IS	MAKING	YOU	LESS	PRODUCTIVE	
§  MARCH	2017	ISSUE	OF	HARVARD	BUSINESS	REVIEW	

§  BASED	ON	RESEARCH	AT	HARVARD,	SYRACUSE	UNIVERSITY,	
SUNY	MEDICAL	–	DOUBLE	BLIND	STUDY	

§  STUDIED	EFFECT	OF	DOUBLING	VENTILATION	ABOVE	
STANDARD	62,	LOW	VOC	AND	LOW	CO2	

CONCLUSIONS	OF	FINDINGS	

§  COST	OF	DOUBLING	VENTILATION:	

§  $10	-	$40	PER	PERSON	/YEAR	

§  PRDUCTIVITY	BENEFITS	-	$6,500	PER	PERSON	/	YEAR	(NOT	
INCLUDING	POTENTIAL	HEALTH	BENEFITS,	REDUCED	SICK	
BUILDING	SYNDROME	AND	ABSENTEESIM	
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	CO2! Surrogate or COC?	
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	NASA	STUDY	CO2	STUDY	
EFFECTS	OF	PROLONGED	CO2	EXPOSURE	
§ HUMANS	GENERATE	200	ML	OF	CO2	

§ RESPIRATORY	ACIDOSIS	OCCURS	FEW	MINS	AFTER	
EXPOSURE	TO	CO2	

§  LEADS	TO	PULMONARY	RESPONSE	

§ CO2		IS	A	POTENT	VASODILATOR	OF	CEREBRAL	
BLOOD	VESSELS	

§  ELEVATED	CO2	LEVELS	LEAD	TO	RENAL	CALCULI	
(Kidney	Stones)	

	

Source:	Chronic	Exposure	to	Moderately	Elevated	CO2	during	Long-Duration	Space	Flights	



•  Significant	declines	in	cognitive	functions	when	CO2	concentrations	
were	increased	to	950	ppm	or	higher.+	

•  Lack	of	mechanical	ventilation	has	adverse	human	impacts;	DALYs	
increase.++	

+ Allen, GA, et al. Associations of cognitive function scores with carbon dioxide, ventilation, and volatile organic  
compound exposures in office workers: A controlled exposure study of green and conventional office environments,  
National Institute of Environmental Health Sciences, 2015. 
++ Logue et al., Hazard assessment of chemical air contaminants  
measured in residences, June 2010, LBNL-3650E. 

IAQ and Ventilation in Perspective – LBNL Study	

Courtesy	of	Rick	Karg	RED	
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CO2	FRIEND	OR	FOE	–	LBNL	Real	World	Research	

Source:	Satish	et	al.	(2012)	Is	CO2	an	Indoor	Pollutant?	Direct	Effects	of	Low-to-Moderate	CO2	Concentrations	on	Human	Decision-Making	Performance	
Source:	Allen	et	al	(2015)	Associations	of	Cognitive	Function	Scores	with	Carbon	Dioxide,	Ventilation,	and	Volatile	Organic	Compound	Exposures	in	Office	Workers	
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•  Asthma	

•  Damage	To	Liver	Kidneys	And	CNS	

•  Spread	Of	Communicable	Diseases	(Eg.SARS)	
•  Body	Nervous	And	Endocrine	System	Problems	

	Cost of illness - DALY	



Source:	Lancet	2012	Dec	15;380(9859):2224-60.	doi:	10.1016/S0140-6736(12)61766-8	

Estimated population averaged annual cost, in DALYs, of chronic air pollutant 
inhalation in U.S; results for the 15 pollutants with highest mean damage 
estimates. 
[Whiskers indicate aggregate uncertainty (95% confidence)] 

Disease Burden By Various Risks	
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Source:	Logue	et	al.,	Assessment	of	Indoor	Air	Quality	Benefits	and	Energy	Costs	of	Mechanical	Ventilation,	June	2011,	LBNL-4945-E	

	DALY	AND	DISEASE	BURDEN		
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AMERICANS	SPEND	90%	OF	THEIR	TIME	INDOORS	
§  INDOOR	AIR	IS	2X-5X	AND	AS	MUCH	AS	100X	
MORE	POLLUTED	(EPA)	

§  30%	OF	COMMERCIAL	BUILDINGS	AFFECTED	BY	
INDOOR	AIR	POLLUTION	(EPA)	

§  POOR	IAQ	LEADS	TO	REDUCED		EMPLOYEE	
PRODUCTIVITY,	POOR	STUDENT	PERFORMANCE	
AND	DISCOMFORT.	

§  POOR	IAQ	COST	THE	U.S	ECONOMY	$168	
BILLION/YR	(AIR	MD)	

	

	INDOOR	AIR	QUALITY	(IAQ)	
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	US	DOE	VENTILATION	STUDY	
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METHODS	TO	ENHANE	IAQ	
§  MINIMIZE	CHEMICAL	POLLUTANTS	

§  MOISTURE	CONTROL	

§  FILTRATION	

§  PROPER	MAINTENANCE	OF	HVAC	SYSTEMS	

§  IMPROVED	VENTILATION	–	SIMPLEST	AND	
MOST	COST	EFFECTIVE	METHOD	

	

	ENHANCING	IAQ	
“Ventilation	is	providing	for	acceptable	

IAQ)through	the	simultaneous	exhaust	of	stale	air	
and	supply	of	fresh	outdoor	air.”	

Source:	Institute	of	Medicine	(US)	Committee	on	the	Assessment	of	Asthma	and	Indoor	Air.	Washington	(DC):	National	Academies	Press	(US)	;	2000.	
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ASHRAE 62.2-2016 rate ~ 0.3 – 0.35 ach 
Ventilation Rates and IAQ in National Regulations, Nejc Brelih, 
AIVC Conference, October 2011, Brussels, Belgium. 

EUROPEAN	VENTILATION	RATES	

Courtesy	of	Rick	Karg	RED	
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ERV	AS	A	SHIELD	
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COOLING	LOAD	WITH	ERV	

COOLING	LOAD	WITH	ENERGY	RECOVERY	
SUPPLY	AIR	=	5000	CFM	

OUTSIDE	AIR	=	1500	CFM	

RETURN	AIR	=	3500	CFM	

OA	TEMP	[DB/WB]	–	95/78	

RA	TEMP	(DB/WB)	–	75/62.5	
MA	TEMP	(DB/WB)	–	76.8/64.93	

COOLING	=	13.9	TONS	

	

COOLING	LOAD	CONVENTIONAL	
SUPPLY	AIR	=	5000	CFM	

OUTSIDE	AIR	=	1500	CFM	

RETURN	AIR	=	3500	CFM	

OA	TEMP	[DB/WB]	–	95/78	

RA	TEMP	(DB/WB)	–	75/62.5	
MA	TEMP	(DB/WB)	–	81/67	

COOLING	=	17	TONS	
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	BUILDING	LOADS	WITH	ERV	

20%	
COOLING	
LOAD	

SAVINGS	

70%	
HEATING	
LOAD	

SAVINGS	

=	$3,600	IN	COOLING	LOAD	SAVINGS	

=	$1,900	IN	HEATING	LOAD	SAVINGS	

§  $5,500	Total	Equipment	Savings	
§  $2,250	Annual	Energy	Savings	
	
Installed	Cost	for	1,500	cfm	ERV	~	
$7,550	
	
True	Payback	=	1	Year	!!	
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	ERV	REQUIREMENTS	IN	CODES	

90.1	 IECC	 Provisions	affecting	ERV	

2004	 ERV	not	required	

2007	 2009	 ERV	required	when	for	HVAC	systems	over	5000	CFM	and	70%	OA.	
Fan	power	limits	introduced,	ERVs	exempted	

2010	 2012	 Table	6.5.6.1	introduced	–	ERV	required	in	every	zone	for	some	
systems,	sometimes	under	5000	CFM.	Fan	Power	Limits	apply	

2013	 2015	 Table	6.5.6.1	–	ERV	requirements	change	slightly,	and	now	every	
climate	zone	has	applications	for	ERV			

In	all	editions	supply	air	load	reduction	by	the	ERV	must	exceed	50%	at	the	applied	air	flow	
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ERV	REQUIREMENTS	IN	CODES	

90.1	 IECC	 Provisions	affecting	ERV	

2004	 ERV	not	required	

2007	 2009	 ERV	required	when	for	HVAC	systems	over	5000	CFM	and	70%	OA.	
Fan	power	limits	introduced,	ERVs	exempted	

2010	 2012	 Table	6.5.6.1	introduced	–	ERV	required	in	every	zone	for	some	
systems,	sometimes	under	5000	CFM.	Fan	Power	Limits	apply	

2013	 2015	 Table	6.5.6.1	–	ERV	requirements	change	slightly,	and	now	every	
climate	zone	has	applications	for	ERV			

In	all	editions	supply	air	load	reduction	by	the	ERV	must	exceed	50%	at	the	applied	air	flow	
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www.iaqscience.lbl.gov/vent-home 

Based on 118 papers 
 
©2019 LBNL Indoor Environment Group 
 
Courtesy of Rick Karg RED 

Very Good Resource 

“Overall…...the number of 
reported statistically significant 
improvements in health with 
increased ventilation rates far 
exceeded the anticipated chance 
improvements in health.” 

LBNL Study 


