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Deep Energy Retrofits
What does this mean?
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Deep Energy Retrofits
What does this mean?
Net zero ready...

Get to net zero with conservation and
renewables...70:30

Building Science Corporation
Joseph Lstiburek 5



Deep Energy Retrofits
70:30
Climate Zones 4,5 and 6....
5-10-20-40-60 @ 1.5
ERV
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Net zero ready...

Get to net zero with conservation and
renewables...70:30

What About Carbon?
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Get to net zero with conservation and
renewables...70:30

What About Carbon?
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Deep Energy Retrofits
What does this mean?
Net zero ready...

Get to net zero with conservation and
renewables...70:30

What About Carbon?
Ugh!!!!

What About Energy Storage?
Double Ugh!!!!
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Don’t Kill Anyone....
Don’t Kill The Building....
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Carbon Monoxide
Soll Gas

Mold

VOC's
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Energy Flow
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Important Not To Kill Anyone
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Important Not To Kill Anyone
Sealed Combustion Appliances
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History — some perspective.....
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Control Layers
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Water Control Layer
Air Control Layer
Vapor Control Layer
Thermal Control Layer
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Wood is Weird
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Foundations
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Basements
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Crawl Spaces
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Crawl spaces must be completely
connected to either the outside or the
Inside
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Crawl spaces must be completely
connected to either the outside or the
Inside

Vented crawl spaces work

Unvented conditioned crawl spaces work
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Don’t Do Stupid Things
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Smart Thing
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Conditioned Crawlspaces Not Unvented
Crawlspaces

Need Supply Air
50 ¢fm/1000 ft2 of Crawlspace Area

Or
Dehumidification
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Smart Thing
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Pier Foundations
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Slab Foundations
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Slab Foundations
Same approaches as basement slabs
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Windows




Windows
Innies
Outies
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Walls





















































































Houston, we have a problem....
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Roofs






























































































Truss Uplift



















Slotted anchor at
non-bearing walls

S~

\/ e

Drywall clips

Float drywall at wall corners










Complete Enclosure
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Mechanical Systems
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Mechanical Systems
Cooling System To Make It Cold
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Mechanical Systems
Cooling System To Make It Cold
Dehumidification System To Make It Dry
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Mechanical Systems

Cooling System To Make It Cold
Dehumidification System To Make It Dry
Heating System To Make It Warm
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Mechanical Systems

Cooling System To Make It Cold
Dehumidification System To Make It Dry
Heating System To Make It Warm

Energy Recovery System To Keep It Cold
and Dry and Warm and Comfortable
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Mechanical Systems
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Mechanical Systems

Cooling System To Make It Cold
Dehumidification System To Make It Dry
Heating System To Make It Warm

Energy Recovery System To Keep It Cold
and Dry and Warm and Comfortable

Distribution System To Make It Uniform
Range Hoods Are A Special Kind of Hell
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Don't Try to Combine Them......
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Build Tight - Ventilate Right
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Build Tight - Ventilate Right
How Tight?
What's Right?
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Air Barrier Metrics

Material 0.02 l/(s-m2) @ 75 Pa

Assembly 0.20l/(s-m2) @ 75 Pa

Enclosure 2.00l/(s-m2) @ 75 Pa
0.25 cfm/ft2 @ 50 Pa
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Getting rid of big holes 3 ach@50
Getting rid of smaller holes 1.5 ach@?50
Getting German 0.6 ach@50
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Best

As Tight as Possible - with -
Balanced Ventilation

Energy Recovery

Distribution and Mixing

Source Control - Spot exhaust ventilation
Filtration
Material selection
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Worst

Leaky - with — Nothing
Spot Ventilation in Bathroom/Kitchen

Exhaust Ventilation — with — No Distribution
and No Mixing
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Three Types of Controlled Ventilation
Systems

Exhaust Ventilation
Supply Ventilation
Balanced Ventilation
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T 3
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Ventilation Rates Are Based on Odor Control
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Ventilation Rates Are Based on Odor Control

Health Science Basis for Ventilation Rates Is
Extremely Limited
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Ventilation Rates Are Based on Odor Control

Health Science Basis for Ventilation Rates Is
Extremely Limited

Almost Nothing Cited Applies to Housing
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Ventilation Rates Are Based on Odor Control

Health Science Basis for Ventilation Rates Is
Extremely Limited

Almost Nothing Cited Applies to Housing
The Applicable Studies Focus on Dampness
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ASHRAE Standard 62.2 calls for 7.5 cfm per
person plus 0.03 cfm per square foot of
conditioned area

Occupancy Is deemed to be the number of
bedrooms plus one
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ASHRAE Standard 62.2 calls for 7.5 cfm per
person plus 0.03 cfm per square foot of
conditioned area

Occupancy Is deemed to be the number of
bedrooms plus one

Outcome is often bad — part load humidity
problems, dryness problems, energy
problems
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IRC 2015 and 2018 calls for 7.5 cfm per
person plus 0.01 cfm per square foot of
conditioned area

Occupancy Is deemed to be the number of
bedrooms plus one
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3 Bedroom House — 2,500 ft2
30 cfm plus 75 cfm
105 cfm

Building Science Corporation
Joseph Lstiburek 285



3 Bedroom House — 2,500 ft2
30 cfm plus 25 cfm
55 cfm
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3 Bedroom House — 2,500 ft2
30 cfm plus 25 cfm
55 cfm

With Balanced and Distributed 30 percent
credit

38.5 cfm
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Dilution For People
Source Control For The Building
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Recommended Range of Relative Humidity
Above 25 percent during winter
Below 70 percent during summer










Kitchen Exhaust Hoods
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Clothes Dryers










Fireplaces
















Equalizing Pressures
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Approaches











































Soil Gas....Again
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