
The Sponsors of Energize Connecticut, and in partnership with Connecticut 
Passive House and BuildGreenCT, are pleased to offer Passive House & All-

Electric Homes Initiative to support workforce development and help 
transform the energy efficiency and building construction industries in 

Connecticut. 

For more information, please visit EnergizeCT.com/passive-house    
or email PassiveHouseTrainingCT@icf.com

mailto:PassiveHouseTrainingCT@icf.com
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The Growth of HPH’s IN MA
source HELIX and Northeast Energy 
Efficiency Partnership

1a

Massachusetts HELIX specific inventory at the end of 2020 revealed over 52,855 

homes with some type of green certification or energy asset rating like 

Leadership in Energy and Environmental Design (LEED), the National Green Building 

Standard (NGBS), Energy Star Certified Homes, U.S. DOE Zero Energy Ready 

Homes or the HERS Index Score. This represents a 27% jump from the 2019 

numbers. 

https://us.greenbuildingregistry.com/green-homes Over 193k homes new 

construction or homes with green building improvements in MA

HELIX data also plateaued over one hundred thousand homes in the state with solar 

PV systems installed on residential homes at 100,054 at the end of 2020

https://us.greenbuildingregistry.com/green-homes
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The Growth of Passive House

Data from PHIUS projects database1a



Data from Mass Save Incentive program

The Growth of Passive House

State incentives have helped fuel this growth in Massachusetts

1a

Mass Save Passive House Incentive Program, 2023 data
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The Incremental Cost of Achieving Passive House

Finch Cambridge 

1.4%

Hanson Village 2.6%

Harbor Village 1.5%

Old Colony 2.8% North Commons 2.6%

Data from MassCEC Passive House Design Challenge

Mattapan Station 2%

1a



The Incremental Cost of Achieving Passive House

1a

PA was the first state to 
award extra consideration 
to Passive House projects in 
affordable housing 
financing applications. 

In the first year, the PH 
projects  had 2% more costs 
compared to the non-PH 
projects. 

By 2018, PH projects were 
2% less on average. 



If the Incremental Cost of Achieving an NZE Home is LOW,
What about the homes operating costs?

1a



These homeowners 
spent $434 for the 
entire year to cover 
all their heating a 
cooling costs, 
powering all their 
gadgets and 
appliances, and 
running one EV

1a



This 4,500 square 
foot Passive House 
in Wayland uses 
the equivalent of a 
single-burner stove 
top for heat

1a
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NAR’s view on climate change:

Recent flooding, wildfire, and sea-level rise events have many Americans fearing natural disasters. 

Climate change has made the chances of extreme weather events, such as hurricanes, rain and 

droughts, more frequent and severe. As a result of these changes, unprepared properties and 

communities are losing value. Sixty-three percent of people who have moved since the pandemic 

began say they believe climate change is—or will be—an issue in the place they currently live. As 

such, homeowners are concerned that climate change could influence their housing preferences, 

like increasing flood insurance rates for at-risk properties.

https://www.nar.realtor/climate-change

1b

https://www.nar.realtor/climate-change
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How Homes Use Energy

Residential Single-Family Energy Use in the 
Northeast by End Use

Space Heating

Air Conditioning

Water Heating

Lighting

Refrigerators

Other

Source: EIA Residential Energy Consumption Survey 1b



How Homes Use Energy

Source: EIA Residential Energy Consumption Survey 
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High-Performance Standards and Rating Systems 

1c



Home Energy Rating System 

(HERS)

● Score of 100 is a standard “Reference Home” 

● Score of 65 is 35% more efficient

● Score of 0 is a Net-Zero home

HERS Rater scores:

○ All exterior walls (both above and below grade)

○ Floors over unconditioned spaces (like garages or cellars)

○ Ceilings and roofs

○ Attics, foundations and crawlspaces

○ Windows and doors, vents and ductwork

○ HVAC systems, water heating system, and your thermostat

Average 

New Home Stretch 

Code 

Passive House

1c



LEED (Leadership in Energy and Environmental and Design) 

• Prescriptive rating system

• Uses a point-based checklist to determine certification level

• Focuses on a wide-range of building sustainability areas 

1c



Passive House

• Performance-based standard

• Focuses on the reduction of energy use

• Incorporates occupant comfort and ventilation

• Uses third-party verification 

Performance Criteria
• Annual Heating & Cooling Demand
• Whole Building Airtightness
• Source Energy Demand (Overall Energy Use)

1c



Passive House Timeline

1970 1980 1990 2000 2010 2020

Super-Insulated 

Homes

“passive house” in print

First PH concept building (Germany)

First certified PH in US

First MF PH in Mass

PHI is founded

PHIUS is 

founded

1c



Passive House and LEED

• PH focuses on energy use and indoor air – meeting many of the LEED requirements in those categories

• PH Certification can earn automatic points for some LEED versions

https://handelarchitects.com/research-education/passive-house-vs-leed-certification1c



phius.org/phius-certification-for-buildings-products/project-certification

Passive House (PHIUS) and Other 
Standards

• PH incorporates common standards 

and code requirements

1c



3rd Party Verified Performance Testing

A i r T i g h t n e s s   S t a n d a r d

(air changes per hour at 50

Pascals)

Bui ld ing

Energy Code

3
ACH50

Passive

House*

0.6
ACH50

(air changes per hour at 50 Pascals)

*Passive House International (PHI)

PHIUS: phius.org/phius-certification-for-buildings-products/project-certification/

PHI: passiv.de/en/03_certification/02_certification_buildings/08_energy_standards/08_energy_standards.html

*above numbers are for general use only, consult PHIUS/PHI for specific project targets

1c



Performance Comparison Mid-Rise Construction

Distillery: Uses 60% less energy/sq. ft. than typical Boston Area Code Built

Distillery North, Boston

1c



Performance Comparison

Gilford Village: PH uses 61% less energy than earlier LEED built (similar design otherwise)  

1c



Performance Comparison

Data from Philadelphia Energy Disclosure 2019 cross checked for LIHTC multifamily;  Credit to Green Building United, Katie Bartolotta
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Philadelphia: PH Median is 57% less energy per sq. ft. than Code Built

Stable Flats (Onion Flats)
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Performance Comparison

Data from PHMass Project Database

Massachusetts: Single-family projects

Comparison of EUI (source) of buildings in MA

1c



Durability & Resilience

● Shelter in Place

Maintain consistent indoor temps during extreme 

weather and power outages

● Durable & Long Lasting Construction

Resists mold, rot, pests & water intrusion

● Passive Not Active

Lower reliance on mechanical systems



Durability & Resilience

How A Texas Passive House 
Survived the 2021 Deep Freeze

Monday morning at 1:00 a.m., the power went 

out, and when they woke that morning, it was 

9°F outside and 62°F inside.

At our neighbor's house, which was identical 

to ours [before the Passive House retrofit], it 

was 36°F. They may as well have been living 

in a tent."

https://www.buildwithrise.com/stories/texas-passive-house-weathered-the-2021-storm



Air Quality, Health, and Comfort

● Increased ventilation of filtered air

● Increased use of low & non-toxic materials

● Consistent comfortable room temps

● Elimination of air drafts

● Increased natural lighting 

● Quieter acoustic conditions



Federal Incentives for Solar Power

In December 2020, Congress passed an 

extension of the ITC, which provides a 

26% tax credit for systems installed in 

2020-2022, and 22% for systems 

installed in 2023.

The tax credit expires starting in 2024 

unless Congress renews it

https://www.energy.gov/eere/solar/homeowners-guide-federal-tax-credit-solar-photovoltaics
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What is a High-

Performance Home? 

• Uses significant less energy than a 

conventional home 

• Produces significantly fewer carbon 

emissions

• Provides a higher level of air quality and 

occupant health & comfort 

• Has greater durability and resilience

• Built better and lasts longer
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How Conventional Homes Fail

In winter:

• Hot Air rises and escapes the 

house through leaks in the 

attic, roof, and top floors

• Cold air is drawn in through 

leaks in the basement and 

lower floors

• Heat also conducts outwards 

through materials with low 

thermal resistance (like wall 

studs)



2a

How Conventional Homes Fail

Ice Dams from attic heat loss 

melting snow Mold growth from condensation on wall area with poor 

insulation and/or thermal bridging



2a

How Conventional Homes Fail



Source: Hammer and Hand2a

Air Barrier membrane over sheathing

Dense packed cavity insulation (fiberglass, cellulose)

Continuous exterior insulation (foam boards, mineral 

wool, polyiso)

1. Use the Building Envelope to create a Thermal and Air Barrier, reducing heat loss and air movement

High Performance Home Principles



Source: Hammer and Hand2a

2. Use efficient heating and cooling equipment to provide necessary space conditioning 

High Performance Home Principles



2a

3. Use a whole home ventilation system to provide balanced air exchange and filtration

High Performance Home Principles
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Main Principles:

Provide a thermal barrier around the entire building

• Advanced framing techniques

• Dense-packed cavity insulation

• Continuous insulation layer outside of frame

• Reduction of thermal bridging through envelope

• Air-tight envelope with dedicated air barrier system

Building Envelope

The Distillery, South Boston

• 2x8 studs w/ dense packed cellulose

• Zip System Air Barrier

• Mineral Wool insulation



Building Envelope

Main Principles:

Provide a thermal barrier around the entire building

• Advanced framing techniques

• Dense-packed cavity insulation

• Continuous insulation layer outside of frame

• Reduction of thermal bridging through envelope

• Air-tight envelope with dedicated air barrier system

Wayland Home

• Double stud wall

• Siga air membrane

• Mineral wool insulation



Main Principles:

• Continuous air barrier around building 

• Eliminate air gaps, holes, etc. in barrier

Air Tightness

• Taped seems, penetrations, etc

• Target metric is measured with blower door test 

Elm Place

Huber Zip System sheathing (green) and tape 
(black)

Bellis Circle

Pro Clima Intello (white) and tape (blue)

Finch Cambridge

Siga Majvest 500 (blue) and tape (white)



Main Principles:

• Continuous air barrier around building 

• Eliminate air gaps, holes, etc. in barrier

Air Tightness

• Taped seems, penetrations, etc

• Target metric is measured with blower door test 

Finch Cambridge

Air sealing around windows and penetrations 



Red Line Test

Air Tightness



Thermal Bridging

Heat transfers through materials with higher thermal conductivity 
(wood studs, steel, metal fasteners, plumbing lines, etc)

Thermal Bridges lead to:
• Heat loss
• Low surface temps
• Impaired thermal comfort
• Risk of condensation
• Risk of mold growth

Areas of Concern:
• Weak points in insulation (studs)
• Wall penetrations (plumbing, electrical)
• Beams that meet or pass through a wall
• Outside features attached to wall (balcony, awning)
• Corners
• Window frames

Thermal brides need to be mitigated or removed

• Insulation outside frame

• Thermal breaks

• Advanced framing to reduce frame use



Thermal Bridging



Heating & Cooling

Air-Sourced Heat Pumps (and VRF Heat Pump)

• Provides efficient electric heating and cooling

• Can be centralized or unitized, ducted or ductless

• Operate at 200%-400% efficiency (comparted to 

100% for electric baseboard and 98% for new gas 

furnace)

• New models now work well in cold temperatures

Wall mount Ceiling mount

Outdoor condensers 



Balanced Ventilation

Heat/Energy Recovery Ventilators (HRVs and ERVs)

• Balanced ventilation system (supply and exhaust air is equal in volume)

• Continuously running (with variable fan speed options)

• Provides fresh supply air passed through air-filter

• Recovers heat energy from outgoing exhaust air

• Does not mix incoming/outgoing air (using heat exchanger core instead)



A Note on Windows

• High Performance Homes still use operable windows

• They tend to be double or triple paned and have 

thermal breaks and insulated frames

https://www.andersenwindows.com/ideas-and-inspiration/why-andersen/energy-efficiency/



S e c t i o n  3 :

C a s e - S t u d i e s

|  PHMass |  Mass Save  |



Cambridge Victorian



Location: North Cambridge

Completed: 2021

Type: Residential Single-Family

Architect/Builder: Group Design Build

Developer: Betsy Harper

• Certified Passive House

• All-electric systems

• Designed to be Net-Zero with on-site PV

• Electric vehicle charger installed in 

driveway

Photos provided by Group Design Build



Built using prefabricated panelized 

construction

• Panel sections made by Ecocor

• Assembled on-site in 10 days

• Panels have preinstalled windows, air 

barrier, and continuous insulation

Photos provided by Group Design Build



• Insulated concreate form foundation

• Finished basement

• Wood frame above ground

Photos provided by Group Design Build



• Air-sourced heat pumps

• Ductless in-ceiling 

• Provides all-electric heating & 

cooling 

• Two to three times more efficient 

than a traditional gas boiler



• Energy Recovery Ventilator 

• MERV 13 filters provide high IAQ

• Ducted to constantly bring fresh air to 

living spaces and bedrooms



• Hybrid electric water heater (heat pump)

• Recirculation pump set-up on user activated switch

• Insulated hot water pipes



• Rooftop solar system provides all 

modeled energy use

• Electric vehicle charged station installed 

in back driveway



Marketed as a both a Passive House and a Net-Zero house

Asking Price: $4,500,000

Sale Price: $4,778,000

Days on Market: 7



Roxbury Single Family



Location: Roxbury (Boston)

Completed: 2014

Type: Residential Single-Family

Architect/Builder: Placetailor

• A shallow frost-protected slab insulated with 8 inches of expanded polystyrene 

(EPS) for an R-value of 32. The sides of the footings are insulated with 4 inches of 

EPS (R-16).

• Above-grade walls are balloon-framed on the outside, 24 inches on center, with a 

second framed wall inside of that carrying floor joists for the second story. The walls 

are connected with gusset plates and spanned by window wells. Exterior walls are 

insulated with 17 inches of blown-in cellulose (R-59).

• The truss-framed roof is insulated with 2 feet or more of cellulose for an R-value of 

84.

• Windows are triple-glazed Schuco units with a U-factor of 0.176 and a solar-heat 

gain coefficient of 0.50.

Photos provided by Group Design Build



Location: Roxbury (Boston)

Completed: 2014

Type: Residential Single-Family

Architect/Builder: Placetailor

• Domestic hot water is provided by a Kingspan FPW30 solar thermal system with a 

119-gallon tank.

• Space heating and cooling are provided by a pair of Mitsubishi Mr. Slim ductless 

minisplits, each with a capacity of 9,000 BTU/h. A Zehnder Comfoair 350 heat-

recovery ventilator provides fresh air.

• Airtightness was measured at 0.33 air changes per hour at a pressure difference of 

50 pascals. Placetailor used Siga Wigluv tape to seal the sheathing seams and Siga

Corvum tapes to reduce air leakage around the window frames

Photos provided by Group Design Build



Marketed as a both a Passive House

First Sold in 2014: $572,500

Resold in 2019: $815,000 (vs $749,000 asking)

This ground-breaking green building was designed to use 90% less heating 

energy than a typical home and is expected to become one of only a few 

Passive House projects in the whole state.

Photos provided by Group Design Build



West Roxbury Homes



Location: Wes Roxbury (Boston)

Completed: 2022

Type: Residential Single-Family

Architect: RODE Architects  

But the main reason they paid $1.4 
million for the 2,500-square-foot home 
was the technology.

This winter it got freezing, and we were 
in our shorts

-The Wall Street Journal, 2023

https://www.wsj.com/articles/passive-home-design-massachusetts-

2c89a18d



This summer, the house has remained at 72 to 75 
degrees with only a few hours of air conditioning 
each day, despite the triple-digit heat that hit the 
city. 

In fact, their electricity bill currently has a negative 
balance of about $1,000, meaning the electric 
company owes them

https://www.wsj.com/articles/passive-home-design-massachusetts-

2c89a18d



All three 4-bedoom, 2,500 ft2, homes sold before 
they were completed: 63 Brucewood St sold for 
$1,500,000 and 55 and 59 Brucewood St. for 
$1,400,000 apiece. 

https://www.coldwellbankerhomes.com/ma/boston/63-brucewood-st/pid_43505780/
https://www.coldwellbankerhomes.com/ma/boston/55-brucewood-st/pid_40641411/


Location: East Haven, CT

Completed: 2020

Type: Senior housing – retrofit

Size: 104,971 sg ft, 70 units

Developer: WinnDevelopment

Architect: The Architectural Team (TAT)

PH Consultant: Steven Winter Associates

Notes: adapted retrofit of high school building 

(EnerPhit)

The Tyler



Location: New Haven, CT

Hotel Marcel
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Rule #1:

Know the Science, Sell the Benefit

Let’s review, what are the benefits to 

homebuyers of purchasing a HPH?

Photos provided by Group Design Build



Benefit: A Healthy Home

The air a child breathes is as important as 

the food that they eat.

Photos provided by Group Design Build



Benefit: Durability

A HPH is built to withstand a 

changing climate.

Photos provided by Group Design Build



Benefit: Resilience

A HPH maintains a consistent 

temperature during power outages

Photos provided by Group Design Build



Benefit: Comfort

Include in your first buyer meetings, “You 

have told me a lot about what you need for 

your new home, but out of curiosity what are 

some of the things you have hated about the 

homes you grew up in or rented right out of 

college?”

Photos provided by Group Design Build



Benefit: Peace and Quiet

Insulation is used for sound dampening. 

Better insulation – less sound.

Photos provided by Group Design Build



Benefit: What can we take to the bank?

Lower operating costs

Photos provided by Group Design Build



Photos provided by Group Design Build

Know the Science SELL THE BENEFITS

● BEST OF BREED – High-Performance Homes are 3rd Party Verified

● LOWER OPERATING COSTS - Energy & Water Efficiency

● HEALTHY HOME – Indoor Air Quality (IAQ), ERV

● PEACEFUL – Superior Insulation & Airsealing Noise Reduction

● DURABILITY – Resileint Homes More Durable to a Changing Climate

● COOL FACTOR – Who doesn’t like to show off the latest tech has to 

offer?

● BE A GOOD NEIGHBOR & COMMUNITY LEADER

● TAX BENEFITS – 30% Investment Tax Credits under the IRA

● RESALE VALUE – IF knowledgable & competent REALTOR (Article 

11 CoE)



Benefit: What can we take to the bank?

Resale value bump

Photos provided by Group Design Build



Valuation. The process

Appraisal Institute Valuation of Sustainable 

Buildings, Residential and Commercial

Photos provided by Group Design Build



Valuation. The process

We cannot not pick a specific appraiser, but 

we can demand a qualified one.

https://green.realtor/green-resources/guide-

appraisals

Photos provided by Group Design Build

https://green.realtor/green-resources/guide-appraisals


Valuation. The process

Qualified appraisers need information about 

the subject property

Photos provided by Group Design Build



Valuation. The process

Appraising host owned solar PV – income 

approach. It’s not just about the comps 

anymore!

Photos provided by Group Design Build



Thank You

For more information, please visit EnergizeCT.com/passive-house    
or email PassiveHouseTrainingCT@icf.com

mailto:PassiveHouseTrainingCT@icf.com



