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Housekeeping

Two Options for Audio (select audio mode):

1. Listen through your computer.

- Please select the “mic and speakers” radio button on the right hand audio
pane display

2. Listen by telephone.

- Please select the "telephone” option in the right-hand display, and a
phone number and PIN will display.

3. Panelists - Please mute your audio device when not presenting

4. Technical Difficulties: Contact the GoToWebinars Help Desk:
888.259.3826

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




Asking Questions

Select the ‘questions’ pane on your screen and type in your
question.

If you are having difficulty viewing the materials through the
webinar portal:

You may find PDF copies of the presentation at the website listed here and you may
follow along as our speaker presents. Today’s webinar is being recorded and the
recording will be available on the DOE YouTube channel within a few weeks.

http://energy.gov/eere/buildings/building-america-meetings#current

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY
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Agenda

v'"Welcome and Introductory Remarks

v'Overview of Building America (buildingamerica.gov)
» Linh Truong - National Renewable Energy Laboratory

v'Speaker
» Rengie Chan, Lawrence Berkeley National Laboratory

v'Questions and Answers

v'Closing Remarks
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Field Studies of Indoor Air
Quality in New U.S. Homes
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Agenda

1. Preliminary results from Healthy Efficient New Gas Homes (HENGH)
Field study (2016-2018) in 70 new California homes




In 2008, mechanical ventilation
requirements were added to
California Title 24 to address
adverse impacts that could
potentially result from air
sealing envelopes to reduce
infiltration and improve energy
efficiency.

2008 BUILDING ENERGY

EFFICIENCY STANDARDS

FOR RESIDENTIAL AND
NONRESIDENTIAL BUILDINGS

REGULATIONS /| STANDARDS

CALIFORMIA
ENMERGY
COMMISSION

December 2008
CEC-400-2008-001-CMF




Agenda

2. Overview of Building America IAQ New Homes Study
Field study (2018-2020) in 128 new homes across US
Field teams: Pacific Northwest National Lab (PNNL)
Florida Solar Energy Center (FSEC)
N =4 climate zones x 32 homes each




Prior California Studies of IAQ and Ventilation

2004-2005 survey of 1,500 new homes"

* Few open windows in winter; many did not ventilate in other seasons.
» Kitchen and bath ventilation not used regularly

2007-2008 measurements in 108 new homes™ (mostly 1 day)

* 9 of 16 homes with ducted mechanical ventilation had grossly insufficient
flow

* Many homes did not use windows for ventilation; 67% below code
requirement

* Majority of homes exceeded formaldehyde health guidelines

* Price & Sherman (2006) Ventilation Practices and Household Characteristics in New California Homes
** Offermann (2009) California New Homes Study (CNHS)



US Studies of Ventilation Equipment

Florida Solar Energy Center (FSEC) inspected mechanical
ventilation systems in 21 new Florida homes*
* 1-9 ACH.,
* 9 of 21 were not operational
e 12 of 21 “capable of operating”
Only 3 had ventilation airflows close to design targets
2 of the 3 disabled by occupants

LBNL measured airflows in 15 new homes

* Sonne et al. (2015) Investigation of the effectiveness and failure rates of whole-house mechanical ventilation systems in Florida



|_ B N |_ St u d y Rated vs. measured exhaust fan flows

120 - in fifteen new California homes
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Rated flow (cfm)
The only way to know a fan’s flow: MEASURE IT

Stratton C. et al. 2012. Measuring Residential Ventilation System Airflows: Part 2 - Field Evaluation of Airflow Meter Devices and System Flow
Verification. LBNL-5982E.



Healthy Efficient New Gas Homes
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Field Study (2016—2018) of 70 New Homes

* All homes have mechanical
ventilation
 Whole house ventilation [ON]
* Bathroom exhaust fan
* Kitchen range hood exhaust to outside

* Indoor air quality, occupant activities
and ventilation use monitored for
one week in each home




Concurrent Outdoor Monitoring

|AQ Monitoring

formaldehyde
— .
passive




Diagnostic Testing

Envelope and Duct Leakage Exhaust Fan Airflow Range Hood Airflow

T Jul 12, 2017, 10:52:05 AM . -
e — Sl o — " &
& : l | I" I




Activity Monitoring

Exhaust fan use

Cooking (cooktop, oven)




Heating/Cooling

Activity Monitoring

External door use (patio, garage)

200 7=10-16 10:45:14
Brentwood



Healthy Efficient New California Homes Study
Occupancy and Indoor Activities Data Log

Instructions: Please fill out this data log each day, or on the following day.

Please enter yot
Do not list |

estimates. If you are unsure
1es of any people.

Code number for home __| ’5
1201k

Day 1. Date

vide your best guess.

Occupant Survey and Activity Log

Date completed / ( /ZO '*'/ ré:’

Midnight

7am to 11am to
11am 1pm

1pm to

to 7am 5 pm

5pm to

9pm

9pm to
Midnight

B. Air Quality In and Around Your Home
7. Towhat extent are you satisfied or dissatisfied with the indoor air quality in your
home?
Very Neutral Very
Dissatisfied ] Satisfied
o [ o[ o T o [Tl o [ a | a [ o ]
[ =
8. How would you rate the outdoor air quality near where you live?
Very Neutral Excellent
Poor,
L X [ o [ o [ o8 [ o o [ o [ ol o ]
9. How would you rate your home in protecting you from outdoor air pollution?
Very Neutral Very
Ineffective = Effective
[ o | o Il o T T o [ o [ aoTlaoflec
C. Comfort Level in Your Home
10.In winteﬁ, how often is the temperature in your home uncomfortable to any
occupants because some room(s) are too hot or too cold?
Never Fewtimes Fewtimes Few times Every
. a year inamonth  aweek day
Too hot in Some room(s). pas o o [u] u|
Too cold inf some room(s). 0 m O » O

11. In summer, how often is the temperature in your home uncomfortable to any
occupants because some room(s) are too hot or too cold?

Never Few times Fewtimes Fewtimes Every
a year a month a week day
‘Too hot in some room(s). [m [m] 0 = m]
“Too cold in some room(s). = O O o =]

Number of people
in home & 4 l'/ /Z/ /2" 2
Cooktop use .

Number of minutes O 30 ﬂ 0 . 1/5’ a
Oven use 1

Number of minutes O @ 0 () 0 é
BBQ/outdoor grill _

Number of minutes © 0 o6 O 6 @)
Vacuuming — :

Number of minutes 6 @ 0 ¢ 25 0 e,
Window Use

Number of minutes 0 Y2 D : CQ_,, LDF"“A 0 0
Other notable’ _ CAE }{iﬂf
indoor/outdoor events M0 LUW ?’1/ bl Flol \ l )

"For example, use of fireplace, candle, air freshener, air cleaner, humidifier, unusual outdoor air

quality (wood smoke, wildfire), and so on.




Whole-House Mechanical Ventilation

In most cases, the measured airflow of the exhaust fan
exceeded the required whole-dwelling ventilation needs.

e Continuous exhaust (N=55)
* Intermittent exhaust (N=9)
e Continuous inline fan connected to central forced air system (N=4)

* Supply ventilation provided by central fan integrated system with a
motorized damper (N=2)
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Supply Ventilation
Alr Filter




Only 1 in 4 homes with whole-

house ventilation system running
as found.



Whole-House Controller % On As-Found
Ventilation Control Labelled?

— 0

On/Off Switch No (N=42) >
Yes (N=12) 58%

Programmable _ o
Controller No (N=10) >0%
Thermostat No (N=2) 0%
Breaker Panel No (N=1) 100%
No Controller No (N=3) 100%

PAg B 2017.9:24:26 AM
‘i Lake Fores
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- Whole House Ventilation
Control. Leave on except for
severe outdoor air quality.

—

To maintain minimum levels of
outside air ventilation required
by the State of California, this
fan should be on at all times
when the building is occupied,
unless there is outdoor air
contamination.

Continuous Duty




ASHRAE Guideline 24

Manual switches associated with a whole-building ventilation
system should have a clear label such as,

“This controls the ventilation system of the home. Leave on
except for severe outdoor contamination.”

In addition, guidance on operations and maintenance
procedures should be provided to occupants.






DeltaQ Test — Envelope and Duct
Leakage Results



Envelope Leakage

* Most homes between 3
and 6 ACH50

* Only 4 out of 70 homes
<3 ACH50, IECC 2018
requirement

Cumulative Percentage

100

80

60

40

20

ACHS50



Duct Leakage

Duct Leakage (DeltaQ) % of 70 Homes

<50 CFM 25%
50-100 CFM 30%
100-200 CFM 31%

>200 CFM 14%

*DeltaQ test measures duct leakage at working pressure, not at 25 Pa.

Data from HERS registry (CF-6R)
21 of 23 homes reported duct leakage measured at 25 Pa ranging

between 50 and 100 CFM.




Indoor Air Quality Results

Comparisons of formaldehyde, PM, ., and NO, with a prior
study of new homes in California suggest that contaminant
levels are lower than measured from about 10 years ago.

Mean Indoor California New Home
Concentration Study” (Offermann 2009)

Formaldehyde 19.8 ppb 36.3 ppb
PM, . 8.3 ug/ms3 13.3 ug/m?
NO, 6.1 ppb 5.4 ppb

*Almost all homes (98%) use electric ranges for cooking.
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Formaldehyde Emission Standards

California Environmental Protection Agency | AIR RESOURCES BOARD

FREQUENTLY ASKED QUESTIONS FOR CONSUMERS

REDUCING FORMALDEHYDE EMISSIONS FROM

Composite Wood Products

The ATCM to control formaldehyde emissions from
composite wood products became effective
January 1, 2009.

https://www.arb.ca.gov/toxics/compwood/compwood.htm


https://www.arb.ca.gov/regact/2007/compwood07/compwood07.htm
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HENGH — All kitchen range hood exhaust to
outside, most met Title 24 (100 cfm)

g 40
c 30
T
« 20
o
S 10
-
>
Z 0
Range Hood (N=32) OTR Microwave (N=38)
B Low Speed ™ Med to High Speed ™ Failed T24



HENGH — Particle Filtration

* Exhaust ventilation in homes with reasonably tight building envelope
* Medium to high efficiency air filters

MERV Rating Number of Air Filters (N=112)

6-7

3 57
10 18
11 22
12

13 9

14



Other Results

* AER
e Comparison with CNHS that 2/3 of homes with overall AER below 0.35/h

* Time-resolved formaldehyde and NO2
* Formaldehyde levels during occupied versus unoccupied
* NO2 from cooking, with and without range hood use

* CO2

* Overnight concentrations in excess of 1100 ppm in some homes

* T, RH

* Comparison with self-reported comfort satisfaction



Problems Affecting Occupant Field Study HENGH Survey
Comfort a Few Times per Week (N=70) (N=2271)

or More Frequently

Too hot in summer 31% 41%
Too cold in winter 29% 20%
Not enough air movement 21% 18%
Too hot in winter 14% 10%
Indoor air too dry 9% 11%

Too cold in summer 4% 9%
Too much air movement 1% 5%
Musty odor 1% 3%

Indoor air too damp 1% 2%




Building America IAQ New Home Study

e Collect IAQ data in 32 homes
each in four climate zones S
* Portland, OR AMER dﬁ
° Boulder/Denver’ CO U.S. Department of Energy
e Southeast: FL, AL, GA, NC, SC

=~/
* Regional variations in system @
. BERKELEY LAB
designs, performance, and —
occupant behaviors FLORIDA SOLAR ENERGY CENTER

Pacific Northwest
MNATIONAL LABORATORY



Motivating Questions

 What is the IAQ in new homes with/out mechanical ventilation?

* What ventilation equipment is provided in new U.S. homes desighed
(or not) to comply with ASHRAE 62.27

* What are airflows as installed?
* Do designs and performance vary by climate zone?

* Are there discernible differences in IAQ between homes that meet /
don’t meet 62.27?

* How do people use ventilation? Is it discernibly relatable to IAQ?



Study Scope

* Characterization In addition to HENGH
* Envelope & duct airtightness e SVOCs
* MV equipment — rated and measured flows e Radon
* One-Week Monitoring e T/RH in attic,
e Use of ventilation equipment and natural basement
ventilation '
* Time-resolved pollutant concentrations & crawlspace
environmental parameters * Consumer-grade
* PM, ., formaldehyde, CO,, T, RH |AQ sensor

e Time-integrated
* NO,, PM,  mass (filter)

40



Analysis Plan

* Investigate associations of humidity and contaminants with controls
 ASHRAE 62.2 compliant mechanical ventilation
* Envelope air tightness
* Mechanical system commissioning
* Other factors (low-emitting materials, ventilation system use, etc.

* Characterize variations of equipment, usage, and IAQ by climate zone
& home type



Berkeley Lab Indoor Air Quality
Survey

Our goal is to learn how people like you feel about your
home environment and about the factors that can
affect your indoor air quality, or "IAQ".

The survey asks about your satisfaction, perceptions,
activities and product use. There are also questions
about your home and household.

Berkeley

UNIVERSITY OF CALIFORMIA

First, let's make sure the survey
applies to your home. Please answer
each question.

In what year was your home built?

Year Built —

What is your zip code?

What type of building do you live in?




The data from these studies will inform builders and
manufacturers, as well as industry ventilation
standards and code provisions, to better protect

indoor air quality and health as building
infiltration is reduced to SavVe energy.
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Q&A Session

Question?
Select the ‘questions’ pane on your screen
and type in your question.

Buildin E
AMERICA

U.S. Department of Energy

®
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Building America Newsletter

Visit the Meetings page at:

http://energy.gov/eere/buildings/building-america-
meetings#current

Subscribe to notices about webinars and other news at:

http://energy.gov/eere/buildings/subscribe-building-america-
updates
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U.S. Department of Energy
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Building America Solution Center

U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

Fiappy Tifth
Snniversany

BASC.ENERGY.GOV

T T T T " (TR T (T T (T (T

Five years of putting world-class
research at builders’™ fingertips.

*designers, developers, raters, educators, researchers,
appraisers, sales professionals, program managers,
procurement professionals, site supervisors, installers,
trade contractors, media producers, trainers,
consumers...

« 240 focused best practice
guides
— 31 code compliance briefs for
builders and code officials

— 101 videos providing installation
instruction

— 1,750 photos, graphics and
CAD files for training and
installation guidance

* Nearly 1,000 technical reports
providing in-depth knowledge

* More than 1M user sessions and
nearly 2M page views

BASC.ENERGY.GOV



Thank You!

PDF copy of the presentation available:

http://energy.gov/eere/buildings/building-america-
meetings#current

Visit: www.buildinsamerica.gov
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