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Presentation Outline

1. Intro – Importance of examining the nexus of energy 
efficiency and disaster resistance

2. Role of high-performance builders

3. Table – Energy efficiency and disaster resistance 
complements and conflicts

4. Solutions to conflicts

5. Intro to BASC Disaster Resistance Tool



Big Disaster Events on the Rise

• 22 billion-dollar 
disaster events 
in 2020

• 6 more than 
previous record 
of 16 in 2017 
and 2011

• 262 deaths

• $95 billion in 
damages

• $1.875 trillion 
since 1980



Source: NOAA



The High-Performance Value Proposition

• High-performance builders are already building 
disaster-resistant homes. 

• Minor adjustments to materials and approaches in 
different climate zones can help ensure a more resilient 
housing stock.

• Builders experienced in their geographic locality 
understand the risks in their climate zone and the 
associated best practices for mitigating risks.



Resistance

Withstanding 
the disaster

Resilience

Surviving the 
aftermath

Recovery

Rebuilding

-Best Practices

-Resistant Designs

-Documentation

-Best Practices

-Resistant Designs

-Documentation

-Shelter in place

-Renewables

-Micro Grids

Build & Rebuild 

Better

Builders play a fundamental role in housing resilience



EE homes are (mostly) disaster-resistant homes

Energy 
Efficiency

Disaster 
Resistance



Energy Efficiency - Disaster Resistance Nexus

Disaster Risk Complement Potential Conflict

Wildfires

Unvented Attics Vented Attics
Noncombustible Materials Flammable Insulation

ERV or Supply with Filtration
Back-Vented Walls
Mechanical Ventilation (exhaust only)

High Winds/Impact
(hurricanes, 
tornadoes)

Sealed Seams Back-Vented Walls
Masonry Walls Vented Attics
Operable Shutters Overhangs

Larsen Truss Walls using I-Joist Advanced Framing (1 top plate 2-stud corners)

Earthquakes Wood-Framed Walls Masonry Walls

Floods
Raised Homes Unvented Crawl Space

Masonry Walls Insulated Slab
Rigid foam/spray foam

Severe Winter 
Weather

Vented Attics
Unvented Attics
Heat Pumps

Extreme Heat

Air Sealing HVAC in vented attic?
Efficient HVAC (Heat Pumps)

Drought-Tolerant Landscaping & Shading

Pests Mineral Wool Foam Insulation

Post-Event Occupancy

High-Performance Enclosure

Solar without batteriesShading/High Insulation/Operable Windows

Solar Electric/Thermal; Batteries
Grid-Integrated Efficient Buildings



Wildfires & Envelope

Vented Attics & Back 
Vented Walls
Good for energy efficiency and 
durability. 
• Problem, venting can allow hot 

embers to enter and contact 
combustible materials

• Solution, fine screened vents 
with intumescent material

Rigid Foam Exterior CI
Good for energy efficiency and 
durability.
• Problem, EPS, XPS, and ISO rigid 

foams can melt, emit noxious 
fumes, and/or burn.

• Solution, use mineral wool 
insulation instead or protect 
rigid foam with gypsum or 
ignition barrier.

Disaster Risk Complement Potential Conflict

Wildfires
Unvented Attics Vented Attics
Noncombustible Materials Flammable Insulation

Back-Vented Walls

Example comparison between a vent with an intumescent 
coating and one that does not (Ember Defense LLC, n.d.) Dr. 
Energy Saver. (2013). Fire Testing Insulation Materials. YouTube Video.

Illustration of how an intumescent fire block in the 
rainscreen layer behaves normally and during a fire 
(Odice, n.d.)

Long exposure images showing wildfire 
embers entering a vented attic through 
the soffit and gable vent. (Insurance for 
Business and Home Safety 2017).

https://emberdefensellc.com/vulcan-vents/
https://www.youtube.com/watch?v=8NC79e0oztM
https://odice.com/EN/product-details/fb-cavity-barrier-i-fire-rated-ventilated-cavity-barrier.html
https://ibhs.org/wp-content/uploads/wpmembers/files/Vulnerability-of-Vents-to-Wind-Blown-Embers_IBHS.pdf


Wildfires & Mechanical Ventilation

Mechanical Ventilation

Built tight and ventilate right

• Problem: MV can make IAQ worse if outdoor air is 
polluted

• Solutions: 

▪ Disable MV systems that don’t have good 
filtration (exhaust only and supply only systems 
that don’t have good filters) when wildfire smoke 
is thick outside. 

▪ Filter indoor air using high MERV filters.

▪ Install MV systems with good filtration.

Fox 12 News

IQAir AirVisual Pro

protradecraft.com

Allison A. Bailes III. 2020

Disaster Risk Complement Potential Conflict

Mechanical Ventilation ERV or Supply with Filtration Exhaust

https://fox12weather.wordpress.com/2020/09/12/when-will-the-smoke-go-away-saturday-evening-fire-update/
https://www.iqair.com/us/air-quality-monitors/airvisual-series
https://www.protradecraft.com/sites/protradecraft/files/u3/Exhaust%20ventilation.png
https://www.greenbuildingadvisor.com/article/improving-the-indoor-air-with-a-diy-portable-air-cleaner


High Winds/Impact (hurricanes, tornadoes)
Disaster Risk Complement Potential Conflict

High Winds/Impact
(hurricanes, tornadoes)

Sealed Seams Back-Vented Walls
Masonry Walls Vented Attics
Operable Shutters Overhangs
Larsen Truss Walls using I-
Joist

Advance Framing (1 top plate 2-stud 
corners)

Back-Vented Walls

• Problem: Furring strips decrease the amount of continuous 

siding support, increasing the chance of breakage from 

impact by wind-driven debris.

• Solution: Use continuous rainscreen mesh/mats and flexible 

siding like engineered wood siding that dents before 

breaking

Vented Attics

• Problem: Wind driven rain, wind-washed insulation

• Solution: Unvented attic. Vented roof over unvented attic. 

Vents designed to resist rainwater entry.

Overhangs

• Problem: In high-wind zones, wind uplift can pull apart the 

overhang, esp. ladder framed gable overhangs.

• Solution: Brace overhangs with proper fasteners and metal 

connectors

Advanced Framing

• Problem: out-of-plane buckling when using single top-

plates, two-stud corners, 2x4 24-inch on-center, around 

windows and patio doors

• Solution: Use 2x6 or 2x8 studs, install Larsen trusses (or 

use double top-plates)
Larsen trusses can improve out-of-plane buckling 

(Ecohome 2019) 

benjaminobdyke.com Wind Driven Rain Visualization with Fluorescent Tracer Dye (Masters 2006)

Example Gable Overhang Bracing 

Using Gallow Brackets (Mahan 2014)

Example of an applied eave that 

attaches to the wall (Bailes, 2011)

https://www.ecohome.net/guides/3418/larsen-truss-walls-for-new-homes-energy-efficiency-renovations-of-existing-homes-double-stud-wall/
https://benjaminobdyke.com/wp-content/uploads/2020/10/SlickerClassic_Cedar.jpg
https://www.ihrc.fiu.edu/wp-content/uploads/2012/05/HLMP_Year06_Section2_SoffitTesting_RCMPY6v2.pdf
https://www.finehomebuilding.com/forum/reinforcing-gable-overhang-ladder-to-prevent-sag
https://i1.wp.com/www.energyvanguard.com/wp-content/uploads/2011/01/architecture-bling-like-needle-through-balloon-improved-rafter-detail1.jpg?fit=262%2C249&ssl=1


High Winds/Impact (hurricanes, tornadoes)
Disaster Risk Complement Potential Conflict
High 
Winds/Impact
(hurricanes, 
tornadoes)

Sealed Seams Back-Vented Walls
Masonry Walls Vented Attics
Operable Shutters Overhangs
Larsen Truss Walls using I-Joist Advance Framing (1 top plate 2-stud corners)

Advanced Framing
• Problem: Getting 

enough uplift and 

overturning capacity 

with advanced 

framing.

• Solution: Use 

structural screws fit 

for purpose with 

aligned single top 

plate

• Solution: Minimize 

overturning force 

resistance required 

by building square 

homes and not 

installing stone/brick 

veneer walls on 2nd 

floor

s
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Disaster Risk Complement Potential Conflict
Earthquakes Wood Frame Walls Masonry Walls

Masonry Walls

• Problem – veneer brick or stone 

falls off walls.

• Solution: 

New Construction: Install brick or 

stone veneer with adequate brick 

ties. Follow or exceed code for 

wall strength

Retrofit: – under-reinforced 

veneer on weak walls – to fix, 

replace veneer with new lighter 

weight siding, like vinyl or fiber 

cement.

Unreinforced structural brick or 

masonry – to fix, install steel 

braces and screw into brick or 

masonry wall.

Earthquakes

Example of ways existing unreinforced masonry structures can be reinforced to 

prevent loss of life during an earthquake. (City of Portland, n.d.)

Earthquake Fragility of Masonry Veneers (Khosravikia et al. 2020)

Retrofit ties for brick veneer
(Hohmann & Barnard 2018)

https://www.portland.gov/bds/unreinforced-masonry-urm-buildings#toc-retrofitting-unreinforced-masonry-buildings-
https://www.sciencedirect.com/science/article/pii/S2352710219308642
https://www.masonrymagazine.com/blog/2018/03/01/remedial-wall-ties/


Disaster Risk Complement Potential Conflict

Floods
Raised Homes Unvented Crawlspace
Masonry Walls
Rigid foam/spray foam

Unvented 

Crawlspace

• Problem: Flood 

water can 

overwhelm lateral 

resistance of 

foundation wall.

• Solution: Cut 

holes in existing 

foundation wall to 

allow floor water 

to enter and exit 

the crawlspace. 

Install insulation 

and air sealing at 

the floor joists.

Floods

Three ways to insulate and air seal at 
the floor joist plane (Lstiburek, 2010)

Crawlspace Designed for Floods 
(Lstiburek 2022)

https://www.buildingscience.com/documents/insights/bsi-009-new-light-in-crawlspaces#F05
https://www.buildingscience.com/documents/building-science-insights/bsi-128-designing-floods


Disaster Risk Complement Potential Conflict
Severe Winter 
Weather

Vented Attics Unvented Attics

Unvented Attics

Problem: ice damming! No amount of 

insulation will help.

Solution: New - Construct vented attics 

or add a vented over-roof to an 

unvented attic.

Retrofit – For vented attics with 

inadequate insulation at eaves and 

limited soffit or gable venting, install 

closed-cell spray foam over the top 

plates and along the underside of the 

roof deck above the top plates to 

maximize the R-value at the eaves.

Severe Winter Weather

Sealed Roof
Above Sheathing 

Ventilation Channels

Coldham & Hartman Architects Published in GBA 2010

https://www.greenbuildingadvisor.com/article/airtight-wall-and-roof-sheathing


Disaster Risk Complement Potential Conflict

Extreme Heat

Air Sealing HVAC in vented attic
Efficient HVAC (Heat Pumps)

Drought-Tolerant Landscaping & Shading

HVAC in Vented Attic

Problem: HVAC equipment is exposed 

to extreme temperatures, greatly 

reduces cooling capacity, and risk of 

condensation and mold in the ducts.

Solution: 

New Construction: Don’t put HVAC in 

the attic, put ducts inside conditioned 

space.

Retrofit: Spray foam underside of roof 

deck to convert the unvented attic to 

conditioned space, or move all ducts 

inside conditioned space, or 

decommission the ducted system by 

sealing off the vents and install mini-

split heat pumps.

Extreme Heat

4 Ways to do Ducts Inside (Roberts and Winkler 2010)



Disaster Risk Complement Potential Conflict
Pests Mineral Wool Foam Insulation

Foam Insulation
Problem: Termites will 
burrow thru foam to access 
wood
Solution: Cover and protect 
foam and/or sill plates with 
metal flashing.
Leave a 3-inch horizontal 
pest inspection strip at top 
of interior foam insulated 
basement and crawlspace 
walls.
Avoid foundation designs 
that require foam on the 
outside in contact with soil.

Pests

Example of foam board insulation that termites have 

tunneled through (Campbell Law, P.C. 2013).

(Lstiburek, 2020)

https://www.youtube.com/watch?v=VgCjW8p24ro
https://www.buildingscience.com/documents/building-science-insights-newsletters/bsi-118-concrete-solutions


Disaster Risk Complement Potential Conflict

Post-Event 
Occupancy

Shading/High Insulation/Operable Windows
Solar without Batteries (or PV systems with 
batteries but not setup for backup power)

Solar Electric/Thermal; Batteries
Grid-Integrated Efficient Buildings

Rooftop Solar System
Problem: Standard PV don’t work 
during a blackout to prevent 
dangerous back feeding the utility 
lines which could injure utility 
workers

Post-Event Occupancy

solarpowerworldonline.comjackery.com

bluettipower.comSolutions:
• Standalone back power systems not 

connected to the grid
• PV inverter systems with automatic 

transfer switches to go into island mode. 
Bi-modal and multi-modal inverters have 
this automatic transfer built-in.

• Energy efficient appliances can run longer 
on battery and require smaller inverters

cleanenergyreviews.info

https://www.solarpowerworldonline.com/2020/07/lg-chem-home-battery-now-compatible-with-solaredge-energy-hub-inverter/


www.BASC.pnnl.gov/disaster-resistance

http://www.basc.pnnl.gov/disaster-resistance


Tool Organization



Guides

Scope Tab

• 307 measure-specific 

guides.

• Provides a general scope 

for the measure.

• Specifies primary 

construction techniques.

• Highlights installation 

strategies.

• Can be used as a scope of 

work on a bid, contract, 

plan, or other construction 

documentation.



“Building a resilient home that can deal 
with the consequences of climate 
change is becoming an important 
consideration when building any new 
home.…as homebuilders, perhaps we 
are the ones who should proactively 
address these challenges.” 
--Thrive Home Builders



Thank you!

Join the conversation:   
#2022RBDCC

Edward.Louie@PNNL.gov
Theresa.Gilbride@PNNL.gov
Chrissi.Antonopoulos@PNNL.gov


