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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
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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.
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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.
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Thank You

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




What did we learn before?

PASSIVETHOUSE

1. Passive Houses are not all houses

2. Passive House are not all passive

Passive House Massachusetts | www.PHMass.org



Passive House Building Standards

What is Passive House?

with two options for certification (PHIUS and PHI)
A These certification standards set energy performance
and building envelope airghtness requirements

How do Passive House Buildings Perform? ok

A Heating loads are reduced by 90% or more compared tJ#®
a typical building 1| B

A Overall energy demand can be reduced by 60% or more

A Significant improvement in Indoor Air Quality and
Occupancy Comfort

e —

—

Passive House Massachusetts | www.PHMass.org



Passive House Building Standards

t FaaAgdsS |1 2dzasQa OlFy 060S lyé o
A Residential home, townhouse, multifamily building,
commercial office, school, municipal building
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Which of these buildings is a Passive House?

-

e | T T T
e umaNDN (I 5

Passive House Massachusetts | www.PHMass.org



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 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

PHIUS PHI

: 15 kWh/m2
AnnualHeating 5.3 kBtu/ft2 (4.8 kbtu/ft2)

: 10 watts/m2
PeakHeating 4.4 B/ft2 (3.2btu/ft2)

_ 15 kWh/m2-yr
AnnualCooling 2.9kBu/ft2 -yr (4.8 Kbtu/ft2)

10 watts/m2

Pes Cooling 4.2 Btu/ft2 (3.2btu/ft2)

3840kWh/person

(Residential) 60 kWwh/m2 (all

Source Energy projects)

34.8kBtu/ft2
(Commercial)

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

ouSE +;;£
PHIUS: phius.org/phius-certification-for-buildings-products/project-certification/ _§,‘\ 4’%
PHI: passiv.de/en/03_certification/02_certification_buildings/08_energy_standards/08_energy_standards.html a T IZIA 1};
< m
N

Passive House Massachusetts | www.PHMass.org



PhiusCertification¢ RESIDENTIAL CALCULATOR

Phius 2021
Performance Criteria Calculator v3.1

UNITS:

\ IMPERIAL (IP) v \
BUILDING FUNCTION: | RESIDENTIAL ~
|

PROJECT TYPE: | BUI'dlng Type

NEW CONSTRUCTION ~ ‘

STATE/ PROVINCE MASSACHUSETTS ~

CITY BOSTON LOGAN INT ARI v Location

I

Envelope Area (ft?) 3,750.0
iCFA (ft2) 2.000.0 Size
Dwelling Units (Count) 1
Total Bedrooms (Count) 4 DenSity

Space Conditioning Criteria

Annual Heating Demand 5.2 kBtu/ft*yr O U T P U T

Annual Cooling Demand 5.7 kBtu/ft2yr
Peak Heating Load 3.9 Btu/ft*hr _
Peak Cooling Load 2.7 Btu/ft*hr
Metics

Phius CORE 3725  kWhiperson.yr

Massachusetts | www.PHMass.org




Advanced Energy Modeling

WUFI Passive or PHPP (Passive House Planning Package)

A Model heating and cooling demand, peak load, | e e e
and total energy demand 3 Sty G e T

A Model hygrothermalinteractions between the § e e 7 A s oo
indoor air and the building envelope S et S e

A Calculate the required performance level of Hetiet S o

@ Component 19: East- 1F-OWM-R

iIndividual components such as wall insulation, || | fsmmeasron:
windows, etc. and their influence on the energ
balance |

A Account for all building components and
systems, local climate data, and building use

A Determine the size and required performance
of mechanical systems

A Account for internal and external heat gain
sources

Inhomogenous layers
Themmal resistance: 36 997 / 40336 hr % °F/Btu (EN ISO 6246 / homogenous layel
Heat transfer coefficient (U-value) 0026 Btuhr f* °F

Thickness: 9391 in

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



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



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



General Design Strategies

Massing and Form
A The more complicated the from, the more challenging it is to achievighiness
and thermal bridging reductions

to achieve 0.06 CFM50

Passive House Massachusetts | www.PHMass.org



General Design Strategies

Building Orientation and Siting
A Long face towards sun exposure
A Beware of trees and other buildings

e o N = Summer

Passive House Massachusetts | www.PHMass.org



General Design Strategies

Distillery, 2017 4
i 1/ I

F L

V £ B

A 28 units

Increased Density A Wood ramed
o c aAySNI
A More heat sources inside (people, ey

appliancesetc)

.-
-
-

Finch, 2021

A 98 units

A Wood framed

A Hé aArySNI

Passive House Massachusetts | www.PHMass.org



General Design Strategies

Glazing Percentage and Placement
A More than 25% glazing to wall ratio can present more challenges
A Too little glazing, or incurrent placement, can negatively impact solar heat gain

& (&)

Z,

more than 25% 15% -18% glazing

wSE +
: o h"o
lazing to wall area of total wall area
g g

.;Qr
;",‘ /]
< oo
o P

\

Finch Cambrid A

1

Passive House Massachusetts | www.PHMass.org N
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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




Advanced Framing

Main Goals:

A Reduce thermal bridging from wall studs,
headers, etc.

A Create more space for cavity insulation

A Save on lumber costs

Focus Areas: | Sl
A{GdR { L) Ganged oHNE 2V NN —,
A Corners rough Paacar
oponing | | Sngle rin closure
) hoador matenal 5

A Headers b A non-

Passive House Massachusetts | www.PHMass.org



Advanced Framing

Corners

Exterior sheathing

<— Studs

<— Drywall

Typical Framing

Exterior sheathing

/ Studs

<— Drywall

Advanced Option 1

I Exterior sheathing

N Drywall clip

<— Drywall

Advanced Option 2 TR
o %
()
. @

Passive House Massachusetts | www.PHMass.org



Advanced Framing

Headers

Sheathing nailed
1o header

2-hys nailed
fogether placed
fo the outside

https://www.greenbuildingadvisor.com/article/better-energy-efficiency-with-insulated-headers

—

J -

o Re,
ﬁe 41%
. . . . . ~ 7
https://www.jlconline.com/how-to/insulation/insulated-hfsfde EIIfIEIA ®
< m
o 1]
5\). @ qu(’

3 2'rigid foam
: If foam s nof
..... sealed properly,
| moisturecan
| [~ condenseon
| | L coolinside
..... % face of 2-bys
= |~ "I"air space
' .ffj befween
: drywall and
: rigid foam
8
T 206 wall

Passive House Massachusetts | www.PHMass.org



Cavity Insulation

4! Fiberglass

Mineral Wool

Cellulose

SprayFoam |

1‘\-’

*1" - b

i ) B B e
Passive House Massachusetts | WWW.PHMass.org



Cavity Insulation

Proper installation is critical:

A Densepacked insulation will settle if
Installed at a lower density than required

A Batts must be sized currently for the
cavity to gaps at sides

A Looser insulation can get compressed
during install, reducing performance

A Spray foam may not expand to desired

thickness

Passive House Massachusetts | www.PHMass.org



Exterior Insulation

Mineral Wool Boards

Polyiso

~ Wood Fiber Boards

EPS/XPS Foam




Exterior Insulation

A Type of insulation will be driven by costs, familiarity, and project goals (such as reducing
embodied carbon)
A Amount of insulation will be determined with energy modeling (WUFI or PHPP) and will

take into account internal heat loads, thermal bridging, and other factors

/ ./ / / l

Finch Cambridge
A Heé aAySNIf

Wheaton College

Distillery
A pé b5

A o¢

a A



Exterior Insulation

Before continuous insulation After continuous insulation

SFLIR

Finch Cambridge

Passive House Massachusetts | www.PHMass.org



Thermal Bridging

Thermal Bridges

A Heat transfers through materials with higher
thermal conductivity (wood , metal, concreate, etc.)

A Passive House requires focus on reducing the
amount of, and mitigating the impact of , thermal
bridges through the envelope

Passive House Massachusetts | www.PHMass.org



Thermal Bridging

Thermal Bridges lead to:

A Heat loss

A Low surface temps

A Impaired thermal comfort
A Risk of condensation

A Risk of mold growth

Areas of Concern:

A Weak points in insulation (studs)

A Wall penetrations (plumbing, electrical)

A Beams that meet or pass through a wall

A Outside features attached to wall (balcony, awning)
A Corners

A Window frames

Passive House Massachusetts | www.PHMass.org



Thermal Bridging

Thermal Breaks

Without Thermal Break With Thermal Break

Passive House Massachusetts | www.PHMass.org



Thermal Bridging

Thermally Broken Steel Support

|_—— 2xB oo well hoh-derty
i ftergiass tetts, and artght drywal

: P~ L baTie! \ /.-(}:mmle:itb

Vi3t
WHE potéso
rebase ind
IpSydtem
sheahimg

B s

\ %" o beerdceding

T Qi2el colimnencicnd
= CnOTEe e

mmmm///n

InsErion Pale,
(sol3les 02! oomns
Yo seed loot rames

Passive House Massachusetts | www.PHMass.org



Thermal Bridging

The Tyler
Floor slab to exterior wall connections

Floor slab at exterior wall with conditioned apartments above and
below: Insulation below slab near extenior edge raises
temperature above the dewpount of 49°F.

PROVIDE 1" THICK MIN. SPRAY ~— |
FOAM AT UNDERSIDE OF SLAB
EXTENDING 120" MIN_ FROM \.
INTERIOR FACE OF EXTERIOR WALL Y
\ ;
1936 LEVEL 2 s -
13' -4 1/2° (E>L %4 vZ)
//-
Y, 'l ¢ 40 N
~ / o 170° 244" 318 Wi 46.5‘| $39* 61 686° F ' A
\ 0 -
=\
@



Thermal Bridging

Finch Cambridge

Passive House Massachusetts | www.PHMass.org



Building Envelope Layers

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

@ ZIP Sheathing

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
@ Secondary barrier: ROXUL mineral wool
@ Final barrier: ZIP Sheathing

@ Rain screen allows bulk water to drain away

@ Rain screen dries cladding and the assembly

@ The assembly is vapor open in both directions;
though the ZIP Sheathing is a vapor retarder, slowing

. X 3 0\)SE + Re
vapor movement from interior into assembly. AJ‘ <D
Mineral wool also warms sheathing, which 3 e X

b3

v

wv

encourages vapor diffusion. =
A\

1x6 knotty cedar siding
Rain screen battens

3.5" ROXUL mineral wool

Passive House Massachusetts | www.PHMass.org



Air Barrier " Y s T

00 : ‘:e,__? .

SA AL

g ey %\

Main Principles: : i
L

A Continuous air barrier around building ||s "‘q b iy

A Eliminate air gaps, holes, etc. in barrier
A Taped seems, penetrationstc
A Target metric is measured with blower

door test

Finch Cambridge
SigaMajvest500 (blue) and tape (white)

Passive House Massachusetts | www.PHMass.org



Air Barrier

Taped Sheathing

Membrane Sheet

BLUE, WET | IS8 BLACK, DRY

Fluidapplied

o
e , Vaporized Sealant
>

7 4

" . F
PAINT ON CONNECT TO OTHER ADHESIVES

Passive House Massachusetts | www.PHMass.org



Alr Barrier

Air Barrier needs to be continuous!
A Red Line Testcan you follow the air barrier without lifting your pencil?

Passive House Massachusetts | www.PHMass.org



Ailr Barrier

Continuous Air Barrier-- Watch the critical connections (floor to wall, etc.)

I;|I b——————————— | LAYTTR 172" SNE WTANTED TS

b P00 ETVDE & " 05

S 147 BLOWMN CELLULEOSE MSULATION ___r,,__r’————r""
' >

T
& COMT, KIS R [RSULATICN e i P FLATE
YINYL SDME AS SFECIFELD. BASE AS SCHEDULED
;,I}_ 2d FLITINGOD SCHEDUL I
MEDRANRE FLASHING AT JGNT ——

BASE OF DESIGN:
s FLAT 244 GLEEFEFS » 16" 3.5
I NCOD Fumete sTee ——— J|R iy ﬂ N !
'“:ﬁ'_q: - e R ] SRS L T
'\HTL'__P"ﬂl“ﬁ_r—x I — %
| |

f‘i\‘ 53T Chx FLYWOOD SHEATHME
FLUIL? AFFLIEL AYE MEMERAME.
VERIFT AdL FALL CONPONENTS ARE
CORAPATIELE (TYFIGAL THEOUSHIUT)

1\ ¢
E

uu_ )

CERTANMTEER WS WVERINE
e T To STRUCT ERES MO » Bogsaae

1
1
ey MOLCHTEHAL NG
§= b
FHESH SRADE DETOHD - ] . HH- . T 2 NG, SLAR, RETER TO
FETER T SIVIL DPss :; RO | O = i e S . ATRUCTURAL Mo ;H»
FoE ADTHTIOMAL BES _\ 'ul' H A "o I “ ::.B' MOTHTIC HAL WS 5-- r “
— 2 - d L |'| |. n
-:h i H " T T
. T HE i
FE= .t -ad e D B 4" HPE PUSD HELIL.-'-_h.-H )
CELLIN AR BWE TO T g = = x UHDER FULL 8LAB
BEAL FUSID HEUALTEHN. = T - - ‘
TrECAL PHERE WIHTL ] et s X :
BLME LAPE COMNSRETE a Wt T — -
FOLMDATION - - : T
COME, FORCH SLAE . o it ko
e - o HAOTE: DASHED LME SH ) &
HH : " B SRAFPHICAL L £
CONT. GLL SEMLER - i
DELOW FLATE TvE. — I - REFRESEMTATION IDEN
= W= = | Fa - THE SONTIMUITY oF .
— =R AND AR BARFIERE L& K
Z PRSI HSULATION @ -l | |_ e e =T
ALL SLAD ODSES J— 1] e 5
- - — N ‘ N r—— s
SO, TEUNRATION Pl - ||_ L2 = ' E‘ WS FLESIE MSULATION
FETTR. T STRGACTURAL — ais o BLohE NTE o
CWesE, TR ADDHTHOMAL T ;ﬂEFm ALE oF J
IR AT l:.'l..l"lﬂfl'lfﬂ MAL L - EXTH
— 3 WM. BELON SLAB

Passwe House Massachusetts | www.PHMass.org



Air Barrier

—

Baffle vent ® each bay

Continuous Air Barrier R-235 closed cell icyene- 2
o ] extend over top plate J -~
A Watch the critical connections B S e e O 8%
. / + +
B ith 2 drilled vent o i
ao%uulcgu;o. - 5 : : o P
Extend air barrier nemorane 4 adhere 7, R.ass
:O&Bu\derw“eo/mnhg . /»///’gg‘,,,"“,,?“
* 0SB Sheathing PP b =
2x Subfascia ‘/ : 0 // ‘) // PN
Metal crip edge 17 3 MO
"Pfeﬂﬂlm '// /‘/ / ‘600‘0’
ammgﬁ / 2. i /’/ /‘T/ / tvovov
B 4 + o+
TOP. = _ ’ | 7S e
5/4x Composite A2 ‘
Trlll II'33/n < (w. m
5/4x Perforated -~ heathing -
soffit ’ o all oeaumngt;pfp‘
%% GUB ceiling
'&Lar of
Cont. $-bead sealant AT ar barrier
betueen top plates, typ. v nemorane

EAVE DETAIL @ BUILDINGS A ¢ B

5 SCALE: | 12*:I'-0"

Steven Winter Associates .§"\ 2
~ V.
) /] @
< oo =
o (%]
(s @ ©
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Alr Barrier

1IN

mTan e

Continuous Air Barrier
A Watch for penetrations, tapping detaikstc o Saw il e

TLL

Finch Cambridge

= %.%% I“
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Alr Barrier

Continuous Air Barrier
A Use recommended products including tapes and seals

Passive House Massachusetts | www.PHMass.org



Alr Barrier

Continuous Air Barrier
A Pay attention to install sequencing and proper layering of the air barrier

Passive House Massachusetts | www.PHMass.org



Alr Barrier

Continuous Air Barrier

A Pay attention location of penetrations and sealing methods

Pipe location does not leave enough room for seal

W e

7 ‘

m?&

Passive House Massachusetts | www.PHMass.org 0, @



Air Tightness Testing

Blower Door Test Times (Minimum Recommendation)

1. Full envelope test once windows and doors are instajled
Ideally after mechanicals are installed and sealed off)

2. After sheetrock, test individual apartments/units for
compartmentalization

3. Preoccupancy whole building test

Tips
A Isolate the trouble zones (for Harbor Village this was the
lobby)
A4S ayvyz21S GSadAy3a G2 aFfz2tt206 0
A Have contractor there for as many tests as possible

Source: Black Mountain Arch

Passive House Massachusetts | www.PHMass.org



Air Tightness Testing

Blower Door Testg Early and Ofter Harbor Village example

Midpoint Test 1

) W 5\ : ‘ Midpoint Test 2
A ;

Passive House Massachusetts | www.PHMass.org



Water Control Layers

A rainscreen is a system that creates a gap between the siding and the water-resistive
barrier (or exterior insulation) and promotes drainage and airflow within the wall
assembly

£
Rainscreen with vertical strapping and coravent at top and bottom of wall Sﬂ;
<PNIOIEY

Passive House Massachusetts | www.PHMass.org



Water Control Layers

Water needs a path to follow -
and plan for it to fail:

1. Flow off the shingles and

siding and gutters

2. Drip out weeps and off sills

3. Dry out from the inside

Passive House Massachusetts | www.PHMass.org



Water Control Layers

Vertical or Horizontal Battens

Drainage Mats

Obdykergpirpy/d desn W/ 9PP3 TOt'r appi g
“BNoon

Benjamin
drainage and ventilation gap

Homesl i cker by

water to drain
Passive House Massachusetts | www.PHMass.org




