Healthier Homes: How to Cost-Effectively
Deliver Buyers’ Must-Have Features
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Jillian Pritchard Cooke Bill Hayward

Wellness Within Your Walls Hayward Health Home
Karla Butterfield Moderator: Jaclyn Toole
Steven Winter Associates, Inc. National Association of Home Builders

—00C-
IGH PERFORMANCE

“’ﬂ,:ﬁ':" S an..e

\v}'ﬁ&‘; "“V‘-lg.,'.-

‘.“"
OCTOBER1 -3\ DENVER CcoO

Mk

o
:
“h.. ‘ -
':-'\\
on
—

-y
~.
.-

JT



Learning Objectives

* Explore how to build healthier homes that achieve higher profits
and market visibility.

* Assess how to make natural, sustainable, and responsible
choices before, during, and after the building process that make
healthier homes cost-effective and achievable.

* Mitigate indoor air quality challenges during design

* Examine how to build a home that is both energy-efficient and
healthy.

JT



Air Quality is Impactful

When all the doors and
windows are closed in your

house where does the air you
breathe come from?




Air Quality is Impactful

g EMOTIONAL CHANGES COGNITIVE CHANGES
( * Mood changes, feeling agitated or * Frequent headaches =
depressed * Foggy thinking, difficulty making deC|S|ons

* Sleep disturbance (can’t sleep, can’t wake up)
e Short term memory loss

OTHER PHYSICAL ISSUES

e Stomach discomfort

* Muscle and joints hurt, making
exercise difficult

* Extreme fatigue, feeling lethargic

* Always feeling sick (too many colds)
 Skin rashes

* Night sweats

* Heart racing or palpitations

RESPIRATORY CHANGES

* Sinus congestion

e Coughing or shortness

» of breath

* Need to increase use of asthma
inhaler or other medications




Air Quality is Impactful

e There are 130 million homes in
America w/ 2.9 living in each

* 46% of the homes have an indoor air T
guality issue affecting at least 1 family ;""’"
member .

* 65,000,000 people
e suffering
* missing work
* missing school
* visiting emergency rooms



Air Quality is Impactful

Build Using Four Simple Principles of Healthy Homes

l. Continuous Fresh Air £
Il. Properly Sealed and Insulated
1. Less Toxic Materials
IV.Cleanable Surfaces




Air Quality is Impactful

Home Buyer Values That Compete With Granite & Hardwood

Quiet

Less Dirt/Dust

Health Savings $$
Energy Savings $$$

Quiet

Much Less Dirt/Dust
Low Odors

Fewer Sick Days
Sleep Better
Cognitive Improvement +

Health Savings $$
Energy Savings $$$

Quieter
Don’t Feel Allergies

Nearly Dust Free

No Odors

Few Bugs & Spiders
Fewer Sick Days+

Sleep Better ++
Cognitive Improvement +

Health Savings $$
Energy Savings $$$

Peacefully Quiet
Don'’t Feel Allergies

Nearly Dust Free

No Odors

No Bugs & Spiders

Fewer Sick Days++

Sleep Better +++
Cognitive Improvement ++

Health Savings $$$
Energy Savings $$$




Air Quality is Impactful

Incremental Costs to Achieve Healthy Homes
based upon a 2,500 sq. ft. home

Air Sealing $5k
3 Purifiers $.9k
MERYV Filter $.1k
HEPA Vac $.7k
Makeup Air $2k
ElectCook Top-

Garage Seal $1k
Less Toxic $5k
Dust Protocol $1k
Clean Water $.1k
Risk Reduction $
Smaller HVAC $3

No Gas Line to Cooktop

Net Cost $13k

Air Sealing
HRV/ERV
MERYV Filter
HEPA Vac
Makeup Air
Induction
Garage Seal
Less Toxic
Dust Protocol
Clean Water

Risk Reduction

Smaller HVAC

No Gas Line to Cooktop

No Penetrations & Bath Fans
Fewer Operable Windows
*Energy Calc

Net Cost

$5k
$15k
$.2k
$.7k
$2k
$1k
$1k
$5k
$1k
$.5k

$4
$1
$1

$25k

Air Sealing
HRV/ERV
MERYV Filter
HEPA Vac
Makeup Air
Induction
Garage Seal
Less Toxic
Dust Protocol
Clean Water

Risk Reduction

Smaller HVAC

No Gas Line to Cooktop

No Penetrations & Bath Fans
Fewer Operable Windows
*Energy Calc

Net Cost

$7k
$18k
$.2k
$.7K
$2k
$1k
$1k
$8k
$1k
$1k

$5

$2

$2
$$

$31k

Air Sealing
HRV/ERV
MERYV Filter
HEPA Vac
Makeup Air
Induction
Garage Seal
Less Toxic
Dust Protocol
Clean Water

Risk Reduction

Smaller HVAC

No Gas Line to Cooktop

No Penetrations & Bath Fans
Fewer Operable Windows
*Energy Calc

Net Cost

$9k
$25k
$.2k
$.7k
$2k
$1k
$2k
$10k
$2k
$2k

$$
$6

$3

$4
$$$

$40k

Hayward Score 75

Hayward Score 85

Hayward Score 90

Hayward Score 94




Air Quality is Impactful

Fill the House With Continuous Fresh Air
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Air Quality is Impactful

The Power of Fresh Air Ventilation
Off for 48 Hours - Ouch

Camelod (28-Feb-15)




Designing Healthier Homes

Changing your building strategies, one
decision at a time results in the domino effect



Designing Healthier Homes

Holistic Approach

An Interconnected Sum of All the Parts



Designing Healthier Homes

The Healthy Living System™':
Healthy Home Design + Lifestyle Pathways

Analyze Analyze Expose Analyze Educate Reflect Educate Reduce Educate Contemplate
Purify Purify Capture Remove Motivate Awaken Nurture Reuse Innovate Adapt
Breathe Hydrate Absorb Contain Maintain Flourish Thrive Reinvent Provision Maintain
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Start with natural
resources.
Position your
homes correctly
on the lot for
maximum natural
light exposures.




Designing Healthier Homes

Community Analysis

How do communities

promote health and Communities create inclusive
wellness? environments, make
opportunities for connections, ‘

provide exposure to nature,
promote physical activities,
and inspire fellowship.

Outcomes:

N //\ A

st ,’\ N gl
d l -Reduces stress

-Lessen likelihood
of depression
-Decreases risk of
Cardiovascular
Disease
-Helps decrease
likelihood of
Respiratory lliness
-Reduced chances
of Environmental
Cancers




Designing Healthier Homes

Site Analysis

TREE @hasccernterns mojpe 3o, ilivimowam | @TDEET A
. i . : :'.:.: i ldaset b Complex urban Hnergy Saving beneﬁts from
25 oML ¢ forest habitst for shaded buildings
Pedestrian human biodiversity

thermal comfort

runoff reduction and
water quality

BVOC = Biokogicol volatile orgonic compounds WSUD = Water Sensitive Urban Design
Increased urban forest canopy can: Plant trees early to mitigate job site eye
C'TY *reduce the urban heatisland .
*reduce urban particulate pollution pO|IUt|0n; remove CO2 from the

*reduce runoff and increase infiltration environment, and create early interest in
what is coming.




Designing Healthier Homes

World Health Organization (WHO) Housing + Health Guidelines

Report 2018 Identifies the Following as Health Disrupters:
e Room Crowding- More than 3 occupants in a room
* Poor Insulation
* Poor Ventilation
* Poor Air Quality/Unsafe Air Supply
 Low indoor Temperatures
 High indoor Temperatures
* Water Vapor/Dampness/Mold
* |nadequate hydration/Unsafe water supply
* Noise
* Chemicals of Concern ;



Determining Health Outcomes

It’s NOT your genetic code...

°, ) .
it’s your zip code!
Source: https://www.cdc.gov/nchhstp/socialdeterminants/fag.html

>5%  Genetics/biology
~20% Lifestyle/behavior
~20% Medical care

~55% Physical & social environment



Determining Health Outcomes
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Our Built Environment

KIDNEY ASTHMA
DISEASE
A DEVELOPMENTAL
DISABILITIES
COMMON HORMONE
HOUSEHOLD e DISRUPTION
CHEMICALS . EEECT
z AND TOXINS* —
ADHD
CANCER
LIVER
DISEASE




Our Built Environment

Tobacco smoke
Biological contaminants
Combustion by-products
Household products
Toxic materials

Radon

Safety & security

Diet & Exercise

Cancer - Heart Disease - Respiratory lliness
Respiratory lliness - Lung Disease - Stress

Cancer - Respiratory IllIness - Lung Disease

Cancer - Respiratory lliness - Diseases (neurological)
Cancer - Respiratory lliness - Diseases (neurological)

Cancer

Stress

Cancer - Heart Disease - Respiratory lllness



Avoid Chemicals of Concern

EaiRT * Nonylphenol Ethoxylates (NPE)

 Phthalates

e Antimicrobials

 Flame Retardants

* Perfluorinated Chemicals (PFC)




Avoid Chemicals of Concern

* Asbestos

e Antimicrobials

* Bromine (fire retardant)

e Cadmium

e Chlorinated Polyethylene & Chlorosulfonated Polyethylene
e Chlorofluorocarbons (CFCs)

e Chloroprene (Neoprene)

* Formaldehyde (added)

* Halogenated Flame Retardants

e Hydro Chlorofluorocarbons (HCFCs)

* Lead

* Mercury

* Petrochemical Fertilizers & Pesticides

* Phthalates

e Polyvinyl Chloride (PVC)

* Nonylphenol Ethoxylates (NPE)

e Toluene

e \Wood treatments with Creosote. Arsenic or Pentachlorophenol




Building Materials




Building Materials

Occupant

(TDIs)

Board (CARB)
compliant

Assembly Component Location Materials to Avoid Concerns Alternatives Brand
Exposure
Superior Wall
Cement: CO2 & heavy (extruded
Foundation Concrete Exterior Negligable metal emissions, airborne  polystyrene
pollution, quarrying foam
insulation)
: : . Styrene-butadiene Drainage
Waterproofing Exterior Negligible (possble carcinogen) Boards/Mats
Drainage Mat Exterior Negligible
PVC Drainage Exterior Negligible PonvwEgIVCéP)ﬂorlde Manufacturing Concerns
Masonry Exterior Negligible
Masonry Ties Exterior Negligible
Slab Insulation Interior Negligible EPS, XPS, Polyiso (MD1) m_e_thylene L Qlass FoamGlas
diisocyanate Insulation
BG Walls Studs Interior Moderate
Insulation Interior Moderate Spray Fgam ESEEIEN S inl e mineral wool
Insulation (catalysts)
Drywall Interior Certain paper faced mold/moisture paé)(f;—rlgss Dense Shield
California Air
: . i Resources
Drywall Sealant Interior Certain 1 LA EIIEENEES




Assembly

Floor

AG Walls

Building Materials

Occupant

Component Location Materials to Avoid Concerns Alternatives Brand
Exposure
Methal
diisocyanate
. . Urea Formaldehyde :
Floor Joists Interior Moderate Binders y (MDT), Phenol- Timberstrand
resorcinol
Formaldehyde
HPVA Plywood
Floor sheathing Interior Moderate OSB Formaldehyde compliant y '
AdvanTech
(meets CARB)
Californig Alr
. : toluene diisocyanates Resources
Subfloor Sealant Interior Certain (TDIs) Board (CARB) Armstrong
compliant
Isocyanates, (MDI) blown
methylene diphenyl fiberglass w/ '
Rim Joist Insulation Interior Moderate =iy anm . y ) P y 9 OIS MR,
Insulation diisocyanate; polyols low VOC Knauf
(catalysts) sealant
: . . fiberglass w/ '
Cavity Insulation Interior Moderate Spray Fgam Isocyanates, MDI, polyols g Johns Manville,
Insulation (catalysts) low VOC Knauf
sealant

Sheathing/Air Barrier

Drywall

Exterior

Interior

Negligible

Certain

Particle Board

paper faced

LAAL—A]

Binders

mold/moisture

Hardwood
sheathing

paper-less

ZIPS



Building Materials

Assembly Component Location (Ig:(:;lcj)zjrnet Materials to Avoid Concerns Alternatives Brand
Roo Rafters Interior Moderate
: : . Hardwood
Sheathing Exterior Negligible sheathing ZIPS
Isocyanates, (DMI) blown
: : : methylene diphenyl fiberglass w/
Cavity Insulation Interior Moderate Spray Fgam . y llp y 'berg "
Insulation diisocyanate; polyols low VOC
(catalysts) sealant
Continuous Insulation  Exterior Negligible EPS, XPS, Polyiso MDI

polynuclear aromatic
Ice & Water Shield Exterior Negligible  Petroleum, Asphalt compounds (PACs)
Possible Carcinogen

i Roofing EXterior Negligible Asphalt PACS N\
Penetration Sealant Exterior Moderate
. . . NSF's Standard
DHW Pipe Interior Certain ethyltertbutyl ether (ETBE) 61 tested PEX
. e —— e —— !ewduﬁee—éerfnacell




Building Materials

* Global Warming Potential (GWP)
* Embodied Carbon

e Life Cycle Analysis (LCA)




Building Materials

* Closed Cell Fobam in 2010 had a GWP of about 1,000

* Today some blowing agents have GWP as low as 1

MOREEN BUILUING INNUVAILIUN UK

HIGH-PERFORMANCE, ULTRA-EFFICIENT HOT WATER

2

N,

* R410a GWP is 2088

*CO,is 1



Building Materials

Embodied Carbon Operational Carbon

Manufacture, transport and installation of construction materials Building Energy Consumption



Building Materials

XPS

EPS

ccSPF, HFC BA
ccSPF, HFO BA
Mineral Board
Hempcrete
Vacuum Panels
Aerogel

-5000 0 5000

Embodied CO2e, kg
R20 Foundation Wall Insulation CO2e

Slide credit: Jacob Racusin



Building Materials

é ‘v_\'\

Plant Based
Carbon Storing
Building Materials




Building Science Basics

Existing - Crawl Space

Crawl Space Exhaust Fan




Building Science Basics

CONTINUITY OF
AIR BARRIER

|
I
|
|
|

Air Barrier Installed




Building Science Basics

INTERIOR
CAULK AFTER DRYWALL:
ADHESIVE DURING F P
ASSEMBLY 1EESIBERRN
AIR-BARRIER MH ] () 1)
AT FACE OF 1 o ittt
INSULATION REQUIRED hH—
EXTERIOR SHEATHING J. -
CAN BE PRIMARY 8
AIR-BARRIER ™ Ha
FIRE STOP FOAM ﬂ
CAULK (]
PRE-INSULATION [ '
TAPE AND MUD LH

fe

e =

.1" T :

EXTERICR #H ~=<_ |{' INTERIOR

Air Sealing Design

INTERIOR CONTIN.
AlR-BARRIER (TYP.)
EXTERIOR SHEATH-
ING CAN BE PRIMA-
RY AIR-BARRIER

CALLK PRE-
INSULATIOM (TYP.) .-

Air Sealing Construction




Building Science Basics




Building Science Basics
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HVAC

SYNUIEUC meula, 1£-90 . utep, o

14 90-95% >08%  |Most Tobacco Smoke Smoking Lounges 12 pockets
Box Fliter- Rigid Style Gariridge
Filters 6 to 12" deep m ay use
13 89-90% >98%  |Proplet Nuceli (Sneeze) Superior Commercial Buildings|lofted or paper media.
TZ T0-75% SU5%  |1.0-3.0 pm Paricle Size Supenor Residential ___|Bag Filter- Nonsupporea
Legionella microfine fiberglass or
synthetic media, 12-36 in. deep, 6+
1" 60-65% >95%  |Humidifier Dust Better Commercial Buildings |12 pockets
Lead Dust
Box Filter- Rigid Style Cartridge
Filters 6 to 12* deep m ay use
10 50-55% >95%  |Milled Flour lofted or paper media.
Auto Emissions Hospital Laboratories

40-45%

30-35%

Welding Fumes

3.0-10.0 pm Particle Size

Commercial Bulldings

Pleated Filters- Disposable,
extended surface area, thick with
entinn.nnlvester hiend media
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¥ Fragrances
B Fluorinated Chemicals

¥ Flame Retardants

M Phthalates
Phenols

Good Filtration Because it’s Not Just Dirt
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HVAC

_— “HairSpray — —J ]~ Polen
| DustMies |
| Plant Spores
T PetDander [

nsecticide Dusts k]
Burning Wood

obacco Smoke

- Smg
e -, E—

1.0 3.0
Particle Size (in Microns)




Air Quality is Impactful

Cost-Effective Healthy Homes




Air Quality is Impactful

Cost Effective Healthy Homes




Air Quality is Impactful

e United
Technologies

SIGNIFICANTLY BETTER
COGNITIVE FUNCTION

@ Multivariable test for building types: ¥ ] _f F— . ’

e <= )77 [ BASED O THE FOLLOWING
E S — =27 . J COGNITIVE FUNCIION DOMAINS

= Basic activity level

= Applied activity level
= Focused activity level
= Task orientation

= (risis response

= [nformation seeking
= [nformation usage

= Breadth of approach
= Strategy

c
=
—~
-

The Total Ind bis b . A
-\_;y acuse L

simulate conditions observed in different office environments

oamentional Groen

e Enhanced Gres
e A A
- | v

12, Typical Office Low VOO Hich VerniEstior

@ Single-variable test for carbon dioxide:

https://green.harvard.edu/tools-resources/research-highlight/impact-green-buildings-cognitive-function J



https://green.harvard.edu/tools-resources/research-highlight/impact-green-buildings-cognitive-function

Air Quality is Impactful

BETTER BUILDINGS=

BUILDING ENVIRONMENT : : : . BUILDING ENVIRONMENT

MILATONIN

oo ' X x 5 BLUE-ENRICHED LIGHT _
(such as daylight) MELATONIN

juring the day has been

A
Yav
<‘> DAYTIME
» v “

QWS OVERALL
Y WELL-
BEING

SLEEZ QUALITY SCORrS

25%

HIGHER SLEEP QUALITY SCORES

0 SLEEP QUALITY SCORES
v s amoieted v 64 Yo 0/
R IP Gap MIGHTR 0
Caihs S W s : HICHER SLEEP QUALITY. SCORES

4%

HIGHER

m sdairion 26% Higher Cognitive
Function Scoresin high-performing green-certified

https://naturalleader.com/thecogfxstudy/study-2/ K



https://naturalleader.com/thecogfxstudy/study-2/

More Solutions

EPDs Enable Embodied Carbon Transparency

EPA Fuel Economy and

E nVi ro n me nta l Environmental Comparisons

Charga All Electric Gas Only
.me When La arged. first 38 e only e

4 ) *93 MPG aon 9337 MPG

Product

£ o
INutrition Facts
D s Serving Size 2/3 cup (550)
eclarations [ S PG ot

I LN |

Amount Per Serving 1

Calories 230 Calories from Fat 40

% Daily Value*

Total Fat 8g 12% T
Saturated Fat 1g 5% Faawe | 2: =
Trans Fat Og o T

Cholesterol Omg 0%

Sodium 160mg— 7%

Total Carbohydrate 3’79 3 122, # Life Cycle Impact Resulits |
Die[ary — g . 16°/° Declared Unit: 1 m” of 10,000 psi concrete at 28 days
Sugars 1g \ e = *
Protein % * OEERAHONALIMPACTS. imeden EPD Results are like MPG
Plant Operating Energy (MJ) 38.6 N
On-Site Plant Fuel Consumption (MJ) 1141 e Estl mates based On
Concrete Batch Water (m?) 1.68E-g °
Goncrets Wash Water () standard assumptions
On-Site Waste Disposal (kg) X
ENVIRONMENTAL IMPACTS (PCR)
| _Total Primary-Eneray s * Known variability
( Climate Change (kg CO: eq) 445 . .
e e R — * Directionally accurate

Slide credit: Kate Simonen, AIA - J



More Solutions

T —— EC3: Embodied Carbon Calculator for Construction

o

CHARLES PANKOW
FOUNDATION

Structural Steel pp
Interface e
= =
@ ®AIA
S s TWMmm&!
fac‘/‘.‘i—v LN T n LL
s Microsoft ﬁ“‘"""““
@ Em.’n
ALEXANDRIA. s e S Foinvinbons
t_\AUTODESK PROJECT c f;;gg,"sh,p L chcnge
4= WEBCOR LEADERSHIP s

UNIVERSITY of WASHINGTON

PERKINS+WILL

Slide credit: Kate Simonen, AIA J



More Solutions

j LTRA FILTRATION SYSTEM ~ [wn FILTER wftn;a
PIPiP: @ >
g S mv -

) .s.i .:J "‘“‘ | J

4
_

Point of Service Water System



More Solutions

Personal Filtration



More Solutions

Clothing Refresher



More Solutions

Largest Database of Health/Housing

Over 53,000 people across the US have scored their homes
Hayward Score has Largest Database of Health/Housing Related Information

% 3 | ‘.ﬁ\ | e
#1079 \\ 286 | 120 \ 5
?‘\/‘" “' g_.\ | = ¢ 938

7m0 ) 300 ‘ i l e, s7°|
! . | 1.726 f . J

456

Slide credit: Hayward Score, www.haywardécore.com B



More Solutions

Data Collected by Hayward Score

Structural
« Heating/Cooling
+ Crawlspace
« Basement/Attic
+ Garage
* Remodeling/Retrofit
« Carpet
Cozlgdltlons + Fireplace Symptoms/
508 « Claddin :
* Maintenance g Triggers
* Dampness * Respiratory
* Pesls * Non-respiratory
+ Leaks Deep + Event Triggers
« Mold : + Severity
+ Odor UnderStandmg + Feel Better when
+ Dust of Home Leave
Behaviors
Location . Cokg
+ Climate ‘ v Bathing
« Proximity to ‘ Ly et
Paollutants L, "
+ Sun/Shade .

Slide credit: Hayward Score, www.haywardscore.com : _— B



Resources

http://www.c2ccertified.org/products/registry

https://access.living-future.org/

https://hpdrepository.hpd-collaborative.org/Pages/Results.aspx

https://www.greenscreenchemicals.org/

https://materialspalette.org/

https://buildingclean.org/building/products/flooring

https://www1l.eere.energy.gov/buildings/publications/pdfs/building america/multi-family air sealing guide.pdf

https://www.haywardscore.com/



http://www.c2ccertified.org/products/registry
https://access.living-future.org/
https://hpdrepository.hpd-collaborative.org/Pages/Results.aspx
https://www.greenscreenchemicals.org/
https://materialspalette.org/
https://buildingclean.org/building/products/flooring
https://www1.eere.energy.gov/buildings/publications/pdfs/building_america/multi-family_air_sealing_guide.pdf
https://www.haywardscore.com/

Questions???

Jillian Pritchard Cooke Bill Hayward
jillian@wellnesswithinyourwalls.com bhayward@haywardscore.com
Karla Butterfield Moderator: Jaclyn Toole
kbutterfield@swinter.com jtoole@nahb.org
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Thank you!

Join the conversation - HEEBASummit2019

Save the dates for next year:
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