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BROUGHT TO YOU BY ‘ PROUD SPONSORS OF
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Part of the AVANGRID Family

The Sponsors of Energize Connecticut, and in partnership with Connecticut Passive
House andBuildGreenCTare pleased to offePassive House & Adlectric Homes
Initiative to support workforce development and help transform the energy
efficiency and building construction industries in Connecticut.

CTPH| Y, BuildGreenCT

CONNECTICUT PASSIVE HOUSE

For more information, please visit EnergizeCT.com/pagsiuse
or emailPassiveHouseTrainingCT @icf.com



mailto:PassiveHouseTrainingCT@icf.com
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Take energy efficiency to a new level

Residential New Construction Passive House Multi-family buildings with five units or more




PASSIVE HOUSE INCENTIVE STRUCTURE FOR MULTI-FAMILY

(5 UNITS OR MORE)
. . . . Max Incentive Max Incentive
Incentive Timing Activity Incentive Amount . .
(Per Unit) (Per Project)
Feasibility -
Study’ Up to 100% of Feasibility Study Costs N/A $5,000.00
75% of Energy Modeling Costs
Pre-Construction (Before 90% Design Drawings) $500.00 $30,000.00
Energy
Modeling®
50% of Energy Modeling Costs
(90% Design,/50% Construction) $250.00 $15,000.00
Post Construction Certification’ Up to 100% of Certification Costs $1,500.00 $60,000.00

i. Feasibility Study will require documentation in the form of a Feasibility Study report and invoice from the Passive House Consultant
2. Incentives will only be awarded prior to 50% Construction Drawings for Passive House projects. Mo incentives will be granted after 50% Construction Drawing set.
3. Certification may be either through PHIUS, PHI, or EnerPHit certification offerings.

Next steps you can take...
Contact your Energy Efficiency Representative or

Go to EnergizeCT.com or call 1-877-WISE USE for more details.
BROUGHT TO YOU BY

EVERS=URCE ‘cﬁ; Qﬁ ‘?‘ b ald s ol

Part of the AVANGRID Family
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Part of the AVANGRID Family

The future of high-performance,
all-electric homes starts here.




Single Family
iDetached Dwellings)

Multifarmily
(Attached Dwellings)

Single Family
(Detached Dwellings)

Muktifamily

[(Attached Dwellings)

Total UA Alternative Compliance or
HERS Index Scare |

Total UA = 7.5% better than 2021 IECC or
HERS Index Score = 55

Total UA = 15% better than 2021 IECC or
HERS Index Score < 45

Heat pump for space heating Required Required

Space Conditioning i :

Connectivity & Contrals L] LT

Heat pump for water heating Required Optional Required it

Hot Water Distribution Tt Required Required
CFA = BoDf2: CRA = 8502

) ACHZD = 4.0 ACHS0 < 3.0

Emvelope Infiltration Rate (ACH) ACHS0 =25 CEA < BEOFD- ACHSO =20 CEA < B5DFT2-

ACHS0 = 5.0 ACHS0 = 410

Duct Leakage Rate (CFM)

2021 IECC code minimum requirements

All ductwork must be located in
conditioned space

Balanced Ventilation Systems Optional HEVVERV {E?REUSFEC'# =40% TRE)
Induction Cooking Oiptional Required it | DOiptional
Electric Viehicle Readingss titit Required Required
ALL-ELECTRIC HOME INCENTIVE STRUCTURE
Lewvel 1 Lewal 2
Simgle Family 57,500 $10,000
Single Family Attached 53,000 $5,000
Multifarmily £1,500 £2,500

Next steps you can take...

Contact your Energy Efficiency Representative or

Go to EnergizeCT.com or call 1-877-WISE USE for more details.

BROUGHT TO YOU BY

EVERS=URCE

G
CNG SCG

Part of the AVANGRID Family

X

PROUD SPONSORS OF

energ ize

CONNECTICUT

e



BROUGHT TO YOU BY PROUD SPONSORS OF

EVERS=URCE ‘é"ﬁe ﬁ‘é’e ‘Lf."’ oo il v

Part of the AVANGRID Family

Thank You

For more information, please visit EnergizeCT.com/pagsiuse
or emailPassiveHouseTrainingCT @icf.com
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CONNECTICUT PASSIVE HOUSE




Which of these buildings is a Passive House?

-

e | T T T
e umaNDN (I 5

Passive House Massachusetts | www.PHMass.org



PASSIVETHOUSE

What have we learned?

1. Passive Houses are not all houses

2. Passive House are not all passive

Passive House Massachusetts | www.PHMass.org



What is Passive House?

with two options for certification (PHIUS and PHI)

A These certification standards set energy performance
and building envelope airghtness requirements

A Passive House buildings are designed and constructed §
meet these energy and air tightness metrics with any
method or materialg there is no prescriptive list

— —

Passive House Massachusetts | www.PHMass.org



What Does Passive House Achieve?

a typical building

A Overall energy demand can be reduced by 60% or mor‘“'?“"'/

A Significant improvement in Indoor Air Quality and
Occupancy Comfort

A Verified performance and build quality

Passive House Massachusetts | www.PHMass.org
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The Passive House Effect |
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Passive House Roles

PhiusCertified Consultant or PHI Certified Designer/Consultant (CPHC and CPHD/C)
A Primary lead on Passive House process from design through certification
A May be irhouse with design team or outside consultant

Energy Modeler
A Lead on running WUFI or PHPP

PhiusCertified Builder or PHI Certified Tradesperson (CPHB or CPHT)
A Recommended for GC Project Manager, Site Supervisor, and/or Lead Carpenters

PhuisPassive House Rater/Verifier or PHI Passive House Certifier
A Provides thirdparty verification of built conditions and certification criteria
A Submits reports for final certification

Passive House Massachusetts | www.PHMass.org



Benefits of Passive House

EINCHY
Czlnorielee

Financial Benefits

A Reduced energy utility costs

A Reduced equipment maintenance costs
A Longer lasting construction

Health & Comfort Benefits

A Improved indoor air quality
A Reduced air drafts

A Quieter acoustics

Environmental Benefits

A Reduced carbon emissions

A Climate resilient building

A Platform for electrification and netero

Passive House Massachusetts | www.PHMass.org



Benefits of Passive House

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

> e

Passive House Massachusetts | WWW.PHMass.org




Pathway to Net Zero

Most buildings, even with those built to stretch or reach codes, still
use too much energy to reach net zero. Passive House solves this

A First use Passive House measures to drastically reduce the amg
of energy used.

A Then add renewables to meet the lower energy demagditting
to Net Zero Energy.

REACHING NET ZERO - PERFORMANCE IS KEY
75% REDUCTION IN ENERGY USE TO REACH NET ZERO

i 75%Reduction

Required
22,500 kWh/yr
25% Energy Use
of Conventional
House
5,800 kWh/yr = 5,800 kWh/yr
ENERGY USE OF ENERGY GENERATION ENERGY USETO
CONVENTIONAL FROM 6.6 kW PV REACH NET ZERO
2000 SF HOUSE ARRAY (OBSERVED) TARGET
NOTE: Net Zero calculations based on onsite generation from 2 6, 6kW PV aeray ammer & Hand
(typically the max peactical size for SFHs in urban settings) for a 20005F house. kary with credit/link to h andhand com
Based on conventional EUI of 38.4 kBtu/sf/yr [USEIA) Typical Energy Distribution Data from Ecotope Inc. and NEEA



Affordable Housing & Passive House Are a Great Mix

Many state financing programs offer
Incentives for projects built to Passive
House standards

Connecticut awards extra points in
their Qualified Allocation Proposal

(QAP)

The Loop at Mattapan®
Statjpn, Boston ¢ :

(=]
>

Passive House Massachusetts | www.PHMass.org



Incremental Costs are Low for Multifamily Projects

MASSACHUSETTS
CLEAN ENERGY
CENTER

Data from MassCEC Passive House Design Challenge

1
1 B

‘Hotbro Village 1,6%

The cost to build to the
Passive House standard
compared to stretch code
construction is 4% for
actual multifamily projects in
Massachusetts

The projects to the left were
partofthea  aa/ 9/ Qa
Passive House Design
Challenge issued in 2018,
and more recent projects are
expected to have an even

lower cost premium m
2PNooaPN:

Passive House Massachusetts | www.PHMass.org



Incremental Costs are Low for Multifamily Projects

PA was the first state to CONSTRUCTION COST OF PROPOSED PROJECTS TO PHFA
award extra considerationto st D
Passive House projects in $3%01”

. . . — : | NOT AWARDED PASSIVE HOUSE
affor_dab_le housing financing s300 i ' AWARDED PASSIVE HouSE
applications. : =

5250 =0
In the first year, the PH I LI v
projects had 2% more costs e ey 2% DIFFERENCE
compared to the norPH I e
projects. oron : :
By 2018, PH projects were $50
2% less on average. R
Osf ’ 50,000 sf 100,000 sf ' 150,000 sf ~ PROJECT
SOURCI MILY TOWNHOUSE NEW CONSTRUCTION ONLY SIZE

GENCY: MULTI-STORY AND SINGLE FAl Q\OUSE + R 4‘4,
i/ D
~ 7
Ly 4 (]
: . . < oo m
Data from Pennsylvania Housing Finance Agency & ©
< @ O

Passive House Massachusetts | www.PHMass.org



Performance Comparison

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

Energy Use Intensity Comparison (site kBtu/SF)

Blended
Boston 62
Area Code

Distillery North, Boston

Passive House Massachusetts | www.PHMass.org



Performance Comparison

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

70
628

—~ B0
=
W
It 50
7]
w
= 40
=
7] 30
% 24.7
=
0D
o 20
L
=
L

10

0

Gilford Village KEnolls 1 Gilford Village Enolls 1l {LEED)
[Passive House-solar not
included)

Passive House Massachusetts | www.PHMass.org



Performance Comparison

PhiladelphialPH Median i57% less energy per sq. ft. than Code Built

58.7.
|
47.4
25 I II I

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 o el N
mmm Passive House LEED mmmCode Median e SS8 E - r7ra \
1)

90

80

70

60

5

o

4

o

3

2019 Energy per sq. ft (EUI)
o

2

o

1

o

o

Stable Flats (Onion Flats) ooo

Data from Philadelphia Energy Disclosure 2019 cross checked for LIHTC multifamily; Credit to Green Building United, Katie Bartolotta
2
6‘

Passive House Massachusetts | www.PHMass.org Nty



Passive House Organizations

A Create and Manage the PH Standard
A Define Metrics and Criteria

A Provide Certification for Buildings

A Provide Accreditation for Professionals

e [PHILS

Institute Passive House Institute US

Passive House Massachusetts | www.PHMass.org



Passive House Timeline

IPHIUS

Passive House Institute US

Super-Insulated

PHIUS is _ _
Homes First PH concept building (Germany) founded First MF PH in Mass
L1 1r 11 1 1r 111
ipassive houseo iflipfeundee First certified PH in US
x ; o
‘SAUNDERS SHREWS
100% SOLAR HEATED FULLY AUTOMATIC TRUI Passive House
P Institute

W.A. SHURCLIFF

| www.PHMass.org



Passive House Certification
Requirements

Performance Criteria

A Heating & Cooling Demand
A Whole Building Airtightness
A Source Energy Demand

Other Ciriteria
A Ventilation, Moisture Management, Quality
Assurance

Passive House Massachusetts | www.PHMass.org



Passive House Metrics

Heat gains and losses by house type:

100
150
200
250

350

Heat Losses
m Walls

W Roof

w Floor

© Windows
Doors
Ventilation

shrinkthatfootprint.com

Passive House Massachusetts | www.PHMass.org




Passive House Metrics -
Multifamily Building Source

Energy Use (EUI)
140
Heating Demand
A 4.8kbtu/sqft ¢ 6.5kbtu/ sqft

120

100

Cooling Demand

A 2.5kbtud sqft ¢ 4.8 kbtud sqft -
60

Source Energy Demand

A 25kbtu/ sqft - 35 kbtu/ sqft 40

20

Passive House mEnergy Star

Passive House Massachusetts | www.PHMass.org



Passive House Metrics

Alr Tightness Standard

Building Passive
Energy Code House*
O B 6
ACH50 ACHS50
(air changes per hour at50 (air changes per hour at 50 Pascals)
Pascals)

*Passive House International (PHI)

Passive House Massachusetts | www.PHMass.org



Passive House Process

PreDesign Phase

A Conduct Passive House Feasibility Studyg™ "= 17
A Choose Passive House certification standard . /“
A Preregister withPhiusor PHI certifier R — o]
A Bring on a CPHC/D bl el
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Passive House Process

Design Phase

A Design team works with CPHC/D to meet
PH requirements on project

A Energy Model is run (WUFI or PHPP)

A Mechanical system is chosen and sized

A Phiusor PHI Certifier provide feedback

3 I Assgned assembly
1 Name R [hr i *F/Bt]
[Wal_%" Polyiso 05" PLYWD_2x6 w-R15 Mineral Wool_0.625° GWB - fast 36 807

Avaiadle x33afridecs

Floor_4* Concrete - 2 EPS 882 [aN
Wall__Z" Polyiso 05 PLYWD_2x6 w-R23 Batt_0625" GWB 2572 4D
3 EPS_17" Concrete 12078 “ac
Floor_4" Conerele - 2 EPS 7632 Bin
Rool_1/7°XPS_6" Polylso 075" PLYWD 30741 ——
707 Composite Siding Door 2885 L
Laundry Chase 16977
inhomogenous layers

Thermal resistance: 36 997 / 40 336 hr f2 °F/Btu (EN ISO 8948 / homogenous layers
Heat transfer coefficent (U.value) 0026 Blwhr i* °F

| G s seresus @ i waming:

236 KB htyr

Thickness: 9391 in

Heatn; Cemand

Cosing semang- 4.5 kB ftfyr

393 O

meaing 082

Costngiosa

2.3% Brat 1t

Passive House Massachusetts | www.PHMass.org
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Passive House Process ' h"’“'sm“ e b1y
slGAn WGy N
. t \
Construction Phase
L

A Contractors and trades pay extra ||S “~' s1‘3"'5:3

attention to PH details in construction Mm b I : ..

A Onsite verification is conducted to § T " . ' L o

ensure project is built to PH design
A Blowerdoor tests are run to check air
tightness

Passive House Massachusetts | www.PHMass.org



Passive House Process

Certification!

: Certified
Passive House

Passive House Institute

Passive House Massachusetts | www.PHMass.org



11 Crown Street

Location:Meriden, CT

Completed:2020

Type:multifamily and townhouses

Size:3 buildings, 63 units and 18 townhom
Developer.The Michaels Development Co
Architect: Kenneth Boroson Architects

PH ConsultantSteven Winter Associates

lll
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Oak Tree Village

Location:Griswold, CT
Completed:2021

Type: affordablamultifamily

Size:72 units, 2 buildings
Developer:.Dakota Partners

Architect: Kaplan Thompson Architects
PH ConsultantSteven Winter

Associates

https://dakotapartners.net/newsitem/oak-tree-villagetransformsgriswold/



Rocky Neck Village

Location: East Lime, CT
Completed:2021

Type: townhouses

Size50 three bedrooms & 6 ADA
Architect:Wallace Architects

Construction:LaRosa Building Group

https://dakotapartners.net/newsitem/oak-tree-villagetransformsgriswold/
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Finch Cambridge

Location:Cambridge, MA
Completion:2020

Building TypeAffordable multt
family

Size:98 units, 101,024 sqg ft floor
area

Architect: ICON Architecture
GC:NEI General Contracting
Developer!l 2 YS2 6y SN 3
CPHCLinneanSolutions
MEP:Petersen Engineering

PH ConsultantNew Ecology




Tracy Community Housing

Location:West Lebanon, NH
Completed:2020
Type:Multifamily housing (50/50 affordable
Size29 units, 3 stories

Developer Twin Pines Housing
Architect: MaclayArchitects

GCEstes & Gallup

MEP:Engineering Services of Vermont
PH ModelingEco Houses of Vermont

PH RaterKaren Bushy

" IPHIUS
Passive House Institute U5|

e




Wheaton College Pine Hall

Location:Norton, MA
Completion:2019
Type:University resident hall
Size45,000 ft2, 178 beds
Architect: SGA
GC:Commodore Builders

CPHC/ModelingThornton Tomasetti
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Winthrop Center
Location:Downtown Boston
Completed:2023

Size: 812,000 sg ft
Developer:MP Boston
Architect: Handel Architects
GC Suffolk Construction

Type:Commercial




Northland Development

Newton, MA

Completion: TBA

Size:500+ units (8 buildings )

Architect: SGA/Cube3/Stantec
Developer:Northland Investment Corporation 5
PH FeasibilitySteven Winter Associates | =
Consultant:Lambert Sustainability -

Building TypeMarket-rate/Affordable/Mixed
use

3
i

oo i



Carnegie Library

Pittsburgh, PA

Completed:2018

Size8,000s.1.

Architect: Thoughtful Balance & NK
Architects

Special NotesFirst certified PH library in
NA

Uses 40% of the energy of the previous
library building despite being-2 times
the size




Scott Subaru Dealership Red Deer, Alberta

Architecture: Cover Architectural
Collaborative

Engineering: 908 Engineering
PH Consulting: Peel PH i
Size: 1,542 m2 (16,598 ft2)
Air Tightness: 0.2 ACH50
Heating Demand: 14 kWh/m2
Primary Energy: 84 kWh/m2

T T T To To Jo  T»




Warren Woods Field Statiog Three Oaks, Michigan (U of Chicago fac

Project Detalls

A Type: Ecological Laboratory §
A Architect: GO Logic
A Size: 2,131 ft2

A Air Tightness: 0.48 ACH50
A Heating Demand: 12 kwWh/m!]
A Primary Energy: 64 kWh/m2




Frankfurt Hospital

O
_— \,)
Passive House

Institute




Features of Passive House Buildings

Building Envelope:

A Continuous Thermal Insulation
A Air-Tight Building Envelope

A Thermal Bridge Mitigation & K
A HighPerformance Windows & Doors

A Optimized Solar Heat Gain

,,f Supply air

Extract
air

Mechanical Systems: sk,

A Balanced & Continuous Ventilation / &
with Heat Recovery

A Efficient & Minimized Heating & Cool

A Efficient Water Heating & Distribution

Passive House Massachusetts | www.PHMass.org
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Provide ahermal barrieraround the

entire building
A Taped and sealed penetrations

Create arair-tight barrieraround the
A Elimination of air gaps

entire building
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A Continuous aibarrier system

Building Envelope




Building Envelope

® ZIP Sheathing

R-34 WHOLE WALL
[R-38 CENTER OF CAVITY]|

Drywall
5.5" high density fiberglass
2x6 stud wall

ZIP System Sheathing

@ 3.5" of exterior mineral wool insulation (R-14)

0 5.5" of high density fiberglass insulation (R-23)

@ Primary barrier: Siding
O Secondary barrier: ROXUL mineral wool
O Final barrier: ZIP Sheathing

© Rain screen allows bulk water to drain away

@ Rain screen dries cladding and the assembly

O The assembly is vapor open in both directions;

1x6 knotty cedar siding though the ZIP Sheathing is a vapor retarder, slowing

Rain screen battens vapor movement from interior into assembly. FOUSEE 2yt
3.5" ROXUL mineral wool Mineral wool also warms sheathing, which £y 2
encourages vapor diffusion. :"’ nooPeE
o “n

Source: Hammer and Hand

Passive House Massachusetts | www.PHMass.org
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Building Envelope

Passive House Massachusetts | www.PHMass.org



Building Envelope

Finch Cambridge (ICON Architecture)

Passive House Massachusetts | www.PHMass.org



