Indoor Air Quality:
How ventilation Is critical to improving
the human condition in the built

environment
Nick Agopian
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Outline of the content

- Understanding the built environment!

- What causes deficient indoor air quality “Who — What — How™?

- Can we justify more outdoor air?
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What we don’t know!
We can always learn!

- City Traffic - Oxygen come from?
- 40% of cars in cities are - Rainforest?
- Diatoms is what produces
Oxygen
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JAQ & Ventilation in Perspective

- Structures have become tighter with lower infiltration

- In early 1900s, there were approximately 50 materials used for
construction. By less than100 years later, this list had grown to
about?

- 55,000 materials!

2020 * Raw GJ. Sick building syndrome: a review of the evidence on causes and solutions.
EEEEEEEEEE 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




Well Known Trivia

- How much water do we drink daily?
- 4 Pounds

- How much food do we eat daily?
- 4 Pounds

- How much air do we breathe daily?
- 31 Pounds
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Average life”?
- /9 years

20 years in buildings
50 years in homes

79 70 89
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HISTORY OF VENTILATION

4

"EARLY HUMANS - FIRE AND SMOKE Flugge (1905)

/
Billings (1895) , ASHVE (1914)
ASHVE '

"EGYPTIAN STONE CARVERS Requirement

7 __-22 State Codes (1922)

*MIDDLE AGES - DISEASES
=1775 - LAVOISIER - CO,
=1970°’S DUE TO THE ENERGY CRISIS, TO

CONSERVE ENERGY IN THE US REDUCES
VENTILATION RATES

Ventilation Rate, cfm per person

. & ASHRAE o o
redgold (1836) Standard (1981)
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Why Ventilate — Contaminates

Moisture and Mold
Odor

indoor air may be 2-5 times,

C arb O n M O n OX | d e CO ar:ji_f)ccasiunally greater than 1UID :‘mes,
Carbo n DIOXId e Carbon Monoxide |
Radon

Particles (PM2.5)
Nitrogen Dioxide
Formaldehyde
Ozone
TVOC or SVOC
2020 Sonlght
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PM 2.5 PARTICULATES

Relative Size of

- PM 2.5 particulates are receiving increased Particulate Matter
focus by code influencers e

50-70pum

- Small size and ability to suspend in the air
make them particularly troublesome

- Filter effectiveness measures increasingly use
PM 2.5 as a measuring stick for particulate
removal

2020
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IAQ — WHERE IS THE DEFICIENY

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
s win cvonc ronss o f| - AN grouped as carcinogens by the Environmental

over 15 years. It was a humiliating

condition that left my knees, elbows, P rote Ctl O n Ag e n Cy

and neck with a bright red rash that
would scab up and bleed. Through a
tremendous amount of research, |
identified the foods that were

e A Interestingly, there are no regulations on dryer
anene omemence 10 1om | VENE €mission. According to the research study,

completely healed of psoriasis. My

e 0 o a0l €MISSION from the dryer vents (using the top five
o e s enoe | Orands of laundry soap detergent) in the Seattle
(Washington) area alone would constitute six

percent (6%) of automobile emission of
acetaldehyde.

P your 15 SUPERFOOD
Reference: 11 APR, 2016 author: Dr. Don Colbert

Dow Collesl,
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IMPACT OF COVID-19 ON VENTILATION DESIGN

CODES WILL EVENTUALLY REACT TO THE “NEW NORMAL" OF VIRUS MANAGEMENT

LOOK FOR STRONGER FILTRATION AND HIGHER MINIMUM VENTILATION
REQUIREMENTS

DECOUPLED VENTILATION IS MOVING TOWARD STANDARD DESIGN PRACTICE
BUILDING OWNERS WILL CALL FOR PROTECTION FROM LEGAL EXPOSURE
A WHOLISTIC SYSTEM APPROACH TO HVAC IS MORE IMPORTANT THAN EVER

REHVA

Federation of European Heating,
Ventilation and Air Conditioning Associations

CZONQE%Q Statement on operation of heating, ventilating, and air-conditioning systems to
reduce SARS-CoV-2 transmission: Venlilation and filtration provided by heating, ventilating,

and air-conditioning systems can reduce the airborne concentration of SARS-CoV-2 and thus


https://www.msn.com/en-us/Video/tunedin/how-a-restaurants-ventilation-system-can-affect-the-spread-of-the-coronavirus/vi-BB13Ysxa?ocid=ientp
https://globalnews.ca/news/6940893/staff-infected-vigi-mont-royal-residence-ventilation/

- HOW SUCCESSFUL HAVE WE BEEN IN
ACHIEVING HEALTHY INDOOR AIR QUALITY?
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US DOES Ventilation Study

ENERGY |59/ ficency®  BUILDING TECHNOLOGIES PROGRAM

Renewable Energy

Ventilation System
Effectiveness and
Tested Indoor Air
Quality Impacts

Armin Rudd, Daniel Bergey

March 2013
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Table 2. Test number, name, and dezeripiion of the five ftests conducted in each house

Baseline
Exhaust

Exh wimixing

Test Desc

Mo wentilation, bedroom doors closed, no central fan operation

Exhaust ventilation from master bathroom, bathroom door open to bedroom, bedroom
d, o central fan operation

ion from master bathroom, bathroom door open to bedroom, bedroom
# central fan operation (48 off / 12 on)

Balanced (ERV) ventilation, bedroom s closed, no central fan cperation



US DOES Ventilation Study
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INSTITUTE OF MEDICINE STUDY

2.0-um particle

METHODS TO ENHANCE IAQ “Ventilation is providing for acceptable
= MINIMIZE CHEMICAL POLLUTANTS IAQ)thrpugh the simultaneous exhaust. of stale
air and supply of fresh outdoor air.
y MOISTURE CONTROL Gas, no deposit loss
FI LT RATION | r(;I.?-zand 0.5-um particles
PROPER MAINTENANCE OF HVAC |

SYSTEMS

IMPROVED VENTILATION - SIMPLEST
AND MOST COST-EFFECTIVE METHOD

5-um particle

10-um particle
20-um particle
30-um particle

c
{=
=
[
s
c
D
s}
c
S
o
o
=
=
o
[}
o

Air Exchange Rate (h™")

CZONQE%Q Source: Institute of Medicine (US) Committee on the Assessment of Asthma and Indoor Air.
Washington (DC): National Academies Press (US) ; 2000.



NASA STUDY CO, STUDY

NASA/TP-2012-217358

EFFECTS OF PROLONGED CO2 EXPOSURE
HUMANS GENERATE 200 ML OF CO,
= RESPIRATORY ACIDOSIS OCCURS FEW MINS

AFTER EXPOSURE TO CO, Chronic Exposure to Moderately Elevated CO,
during Long-Duration Space Flight

= LEADS TO PULMONARY RESPONSE

= CO, ISAPOTENT VASODILATOR OF
CEREBRAL BLOOD VESSELS

= ELEVATED CO, LEVELS LEAD TO RENAL
CALCULI

2020 The effects of CO, toxicity can include dyspnea, increased respiratory and heart rate, headache, decreased
CONFERENCE alertness, anxiety, dizziness, muscle twitching, coma, or death. Symptom severity is related to the

concentration of CO, and the length of the exposure. Headache is the symptom most commonly reported
by ISS flight crew, typically when levels reach 0.7% CO, (5 mmHg) (Carr 2006). The SMAC for




CO2 AND COGNITIVE FUNCTION

Information Usage Breadth of Approach — © 600 ppm €O,
Superior @ 1,000 ppm CO,
@ 2,500 ppm co,

95th perc
Very good

75th percentile

Average

S0th percentile
Marginal
25th percentile

Dysfunctional

Basic Applied Focused Task Initiative | Information | Information | Breadth of

-C-D CD”GE”T[E“[}”{ pm} activity activity activity | orientation search ¥ approach

Relatively small increases in CO2 levels significantly affect cognitive function

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



VENTILATION OR INDOOR AIR QUALITY (IAQ) OR HEALTH

Cardiovascular :
system

- -

Alveolus-capillary

cytokines

Blood
- cir@13Non

c. PM effects — respiratory (asthma), cardio, neurological, obesity, neurodevelopmental impacts

2020
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COST OF ILLNESS - DALY

DALY

Disability Adjusted Life Year is a measure of overall disease YLD YLl
burden, expressed as the cumulative number of years lost due to Years Lived with Disability P P T P T
ill-health, disability or early death

L —

AL AN

Early death

In 2009,
there were:

479,300

asthma-related
hospitalizations

1.9 million
asthma-related
emergency
department
visits

8.9 million

asthma-related

|-‘-:|_:|'|'I!-r| doctor visits

life years

- Asthma 1 in 1 2

adults

- Damage To Liver Kidneys And Central Nervous System [,

- Spread Of Communicable Diseases (Eg.SARS) ‘| in 1 1

2020 Body Nervous And Endocrine System Problems

children
has asthma

1i|15

children with asthma

went to an emergency
department for asthma-
related care in 2009.




DISEASE BURDEN BY VARIOUS RISKS

Ranking legend

15 B 6-10 [E11-15
C116-20 [£)21-25 [@W 26-30
331-35 [N 36-40 [EM>40

Risk factor

@ IND Approach
ID Approach i
Based on Literature Reported |:
Disease Incidence Rates i

Western Europe

Australasia

High blood pressure

Tobacco smoking, including second-hand smoke
Alcohol use

Diet low in fruits

High body-mass index

High fasting plasma glucose

DALYs Lost (per year per 100,000 people)

Childhood underweight
Ambient particulate matter pellution

Physical inactivity and low physical activity

acrolein
chromium

Acute CO Deaths

Diet high in sodium

acetaldehyde

Diet low in nuts and seeds

Iron deficiency ul

Suboptimal breastfeeding

radon (smokers)
formaldehyde

radon (non-smokers)
ammonia (NH3)
crotonaldehyde
1,1-dichloroethene
carbon tetrachloride
1,4-dichlorobenzene

2020 Source: Lancet 2012 Dec 15:380(9859):2224-60. doi: 10.1016/S0140-6736(12)61766-8

CONFERENCE

Estimated population averaged annual cost, in DALY's, of chronic air pollutant inhalation in U.S
residences; results for the 15 pollutants with highest mean damage estimates. [Whiskers

tnAilrat e aaarcaatro rinecertraintygy (ORKY% ~A~AnfFidon—~~o\1



LBNL DALY AND DISEASE BURDEN

Table 1. Energy use (E) in 10~
Ventilation Cases Ener gy _LE DALYs lost ﬂ,{]
(g!fﬂd.? f"r ”-_.-J {-—‘E" fE.n’:lu.w-c'a.u:) (-]"'E{” S'J {‘J-D:‘r D !.w_';e-r:ﬂ.';.f:_j

Base Case-Infiltration only 3.5 ----- e
Unbalanced Mechanical 4.0 5 (14%) _ 70 (-41%)
Ventilation

Balanced Mechanical Ventilation 4.3 8 (21%) 90 (-54%)

plople) Source: Logue et al., Assessment of Indoor Air Quality Benefits and Energy Costs of
i Mechanical Ventilation, June 2011, LBNL-4945-E



LBNL STUDY CONCLUSION

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

2020 Ventilation Rates and Health in Homes.
““““““““““ LBENL Indoor Environment Group, 2019



EUROPEAN VENTILATION RATES

Air change rate in dwellings - case 1 Air change rate in dwellings - case 2

043 0,43
0,50

0,6 0,8 1,0 1,2 1.4 0,6 0,8

air change rate [h-1] air change rate [h-1]

ASHRAE 62 -2016 rate ~ 0.3

2020 Ventilation Rates and IAQ in National Regulations Nejc Brelih,
AlVC Conference, October 201 1, Brussels, Belgium



JUSTIFICATION TO INCREASED VENTILATION ABOVE CODE

CONCLUSIONS OF FINDINGS e e Office 2

=*COST OF DOUBLING VENTILATION: Making You Less Froc
$10 - $40 PER PERSON /YEAR

*PRDUCTIVITY BENEFITS - $6,500 PER PERSON / YEAR
(NOT INCLUDING POTENTIAL HEALTH BENEFITS,

REDUCED SICK BUILDING SYNDROME AND ] NP/

Il

ABSENTEESIM

=Estimated Annual Savings in the USA = 165 Billion Dollars _ - Y &
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Presenter Contact Information

Nick Agopian
RenewAire LLC
nagopian@renewaire.com

Renewaire.com
607-512-3807

https://www.linkedin.com/in/nick-agopian-3454864
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Disclaimer

- This presentation is not intended to be a comprehensive
program covering all aspects of this topic.

- All are participants are encouraged to read and follow

applicable standards, codes and regulations related to this
topic.

- The views and opinions following are the presenter’s
opinions and not necessarily the official position of the
Maine IAQ Council, IAQnet LLC, or Healthy Indoors.
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SUPPORTING SLIDES
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ENERGY RECOVERY VIA STATIC PLATE

Inside | Qutside
Fresh Air to Room Stale Room Alr

STATIC-PLATE CORE ALLOWS (exhausted to outside)
EXHAUST AND OUTSIDE AIR N
STREAMS TO PASS THROUGH S

Plates

THE CORE, TRANSFERRING [

BOTH HEAT AND MOISTURE IN [Isal
THE PROCESS. X

Stale Room Air
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“Psych Chart”

Conditions Provided by ERV

Representative of Untreated OA Conditions

IAQ & ENergy2020
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Utility Price Escalation
Discount Rate
Useful Life

Basaline - No ERV Rooftop With
and Rooftop Air Renewdire Energy |Savings from
Conditioning Recovery

Flow Rate [cfm
Annual Runtime [hrs

Annual Energy Cost 5

2020
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Baseline - No ERV
and Rooftop Air With RenewAire
Conditioning Energy Recovery

Installed ERV Cost - 48,000

S
Additional AC Cost ($1200/Ton) 14,871
Less Avoided Costs Ventilation System (Exhaust Fans) S (4,200

Less Cooling Avoided Costs ($1200/Ton) S (14,871)

I
Less Utility Rebate ($400/KW and $0.04/Kwh) -XcelEnergy | [ S  (19,643)
S 19,071 | $ 9,286
No Payback Ever ! 1.46
Yearly Cashflow towars Operational Exp | None Il | § 6,368
None I! 68.58%

NPV
IRR
Yearly Net Cash Inflow

2020
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Accumulated Discounted Cash Flow
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