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Inconspicuous Conservation

Not clearly visible or attracting
attention

Resilient

Commissioned and evaluated
Return to problem areas

New technology



Deep Energy Retrofits Applied Research

New
1 In Need of Energy Retrofit Homes
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=Practices - it is important to follow up on the goals of practical research to see if you
met them.

=L essons — what was learned through the original research? What impact did it have?
What mistakes were made?

=Goals change — how have goals changed since the practical research was completed
and what would be done differently today?



Goals - The Whole Building Approach

Performance Issues driving Retrofit:
sIncreasing comfort
eImproving indoor air quality
More efficient use of enclosed space
sImproving long term durability
*Reducing operating costs
sIncreasing energy efficiency

Deep Energy Retrofits
* > 50% reduction in energy use
e Secure buildings future



Enclosure Retrofit - Goals

e Airtightness  1-2 ACH @50

Pascals
e Windows R-2
 Insulation
e Roof R-60
e Walls R-40

e Basement R-20
e Slabs R-10




Specific Energy Reduction Targets

= To provide a 72% reduction in total energy use with respect to its original energy use.
= To provide a 44% reduction in total energy use with respect to the national average.

= With Photovoltaics, to provide an 76% reduction in total energy use with respect to the
national average and to approach Net Zero Energy
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Foursquare — Concord, MA




The Perfect Enclosure

Adapted for Retrofits



Enclosure Upgrades






















Mechanical System Upgrades
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Water Control Layer

Continuity
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Air Control Layer

Continuity
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Air Control Layer Continuity
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Thermal Control Layer Continuity
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Thermal Control Layer Continuity
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Thermal Control Layer Continuity
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New Windows

Photos courtesy of Dan Morrison, Fine Homebuilding Magazine
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New Windows
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Deep Energy Retrofit
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2010 - 4.9 kW PV System — 28 @ 175w panels
with microinverters
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= Without the PV’s, the house had a 75% reduction with respect to its original energy use.

Actual Performance

= Without the PV’s, the house had a 60% reduction with respect to the national average.
the PV’s, the house had an 80% reduction with respect to the national average.
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Orignal Condition Benchmark US Average Prototype Real World 5 kW PV
145% usage (Baseline of "100%") (Source calculated) 44% savings 60% savings 80% savings
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Metrics

» Total Energy Use is 62 MMBtu’s source. National average is 190 MMBtu'’s source.

= Total conditioned square ft = 3600. kBtu’'s per sq. ft. before PV's = 33.5
= With the PV’s (average collected = 5600 kWh per year ) kBtu's per sq. ft. = 17.1

33.5 171

Real World 5 kW PV

O Fossil Fuels O Electricity Total
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Original Goals Were Met

Airtightness Matters

= Airtightness improved to 1 (one) ACH@50 Pascals by
Replacing leaky bulkhead door, leaky front door, leaky back kitchen door
fixing connection of porch roof to walls and removing chimney

= An HRV was installed eliminating the need for the central air handler fan to run to bring in
outside air

. Super Insulated assemblies worked

Roof —Chimney was removed and there was opportunity to see into the roof assembly —
no damage over time in the assembly

Windows - Three R-5 windows have replaced original replacement windows in key
locations — no damage was observed in walls

Basement — a 100 year flood caused the adjacent pond to overflow, flooding the
basement — repairs were easy due to steel studs holding gypsum — and closed cell spray
foam in walls
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Why is the Net Electric Use 450 kWh's?*

* 2020 - 2022 = 910.77/2 =




Micro - Inverter Failure

Over 12 years should have been 73,000 MWh
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No Storage for Excess Production

First three years average production — 5,600 kWh's
Average electrical use — 4,000 kWh's

Hot Water Use = 170 therms

Heat = 400 therms

There could have been enough left over to provide hot
water
= 1,600 excess Btu's per year would cover 1/3 of the hot water use
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Impacts Made

Deep Energy Retrofit pilot programs all over U.S.

National Grid in Massachusetts
NYSERDA in New York State

Training for the trades — skilled labor required
Continued Building America research — And this conference has at least 20 presentations tied to retrofits

ABC Collaborative looking at robotics and industrialized production to scale
Phius REVIVE certification for Energy Retrofits

Goals have changed

= For this house - All electric and positive energy
- Gas range changed to Induction Range

= Next - Heat Pump hot water heater — with PV inverters fixed and excess
capacity over use of 1,600 kwWh — use as hot water source as well as

storage

= Add PV's - will be used to cover heating with storage. Perhaps an
additional electric hot water heater with time of use tied to Production.

= Electrify everything! Carbon Reduction!
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Operational and Embodied Tonnes CO2e

140.0
120.0 10 Year
Operational
Carbon
100.0 = Heat Pump
Refrigerant
80.0 Leakage
Heat Pump
Equipment
60.0 auip
= Enclosure
40.0 Upgrades
0.0 ]

Light Retro DER 2 Ton Heat Pump
5 Ton Heat Pump

Insulation Emissions BEAM A1-A3 <10 Tones CO2e
R-410 Refrigerant w/ 5% Leakage

Grid Emissions eGRID ASHRAE 189.1/IgCC 2021.:
NEWE-NPCC New England 1.024 Ibs CO2e/kWh






For More Information Go To:

www.bulldingscience.com
Search Info and Recent Presentations

Key word: Retrofit
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