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On behalf of Eversource, a proud sponsor of Energize Connecticut, and in partnership
with Connecticut Passive House, we are pleased to offer Passive House Training to
support workforce development and help transform the energy efficiency and
building construction industries in Connecticut.

CTPH

CONNECTICUT PASSIVE HOUSE

For more information, please visit EnergizeCT.com/passive-house
or email PassiveHouseTrainingCT@icf.com
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Upcoming Webinar
June 9, 2021- Passive House Process: The Path to Certification
presented by
John Loercher

CTPH

CONNECTICUT PASSIVE HOUSE

For more information, please visit EnergizeCT.com/passive-house
or email 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 Timin Incentive Amount
g Activity (Per Unit) (Per Project)
Fe;f:g::“’ 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

1. 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. No 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.

EVERS=URCE energize O
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Passive House 201

Technical Aspects of Passive House

For more information, please visit EnergizeCT.com/passive-house
or email PassiveHouseTrainingCT@icf.com
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Luke McKneally AIA, LEED AP, CPHC

Account Manager
High Rise & Passive House projects



PH 201 Statement

Summary: This is an introductory course to provide rudimentary
knowledge of Passive House design considerations. |t assumes
familiarity with the PH101 presented by PHCT. It is not a formal
training under PHIUS+ or PHI.

Audience: Those interested in why Passive House works, but
not yet engaged in a certification course through PHI or PHIUS+

Topics:
— Basic massing, shading and solar control
— Air barrier, weather barrier and thermal control layers

— Balanced ventilation, efficient heating, cooling and
domestic hot water systems

— Modeling used to guide the design



Learning Objectives

Learn more about what has been called the most energy
efficient building standard in the world, Passive House.

Understand how Passive House provides an ideal path to
achieving Net Zero Energy / Net Zero Carbon buildings.

Understand how the building enclosure design is critical to
meeting the Passive House certification criteria.

Learn how mechanical systems design can work with
envelope design to reduce energy loads.



Why Passive House?

Focus on fundamental principles of building
physics to reduce energy loads at their

Source.



Net-Zero Energy Passive House

« Total source energy demand is roughly + Rigorous standard for primary energy

equal to site energy production reduction (before renewable energy)
« May offset large fossil fuel energy use « Significant GHG emissions reductions
with renewable source electricity, « Net-Zero energy or net-zero energy ready

resulting in high GHG emissions . Source-Positive energy capable
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Source Energy Limits

US+ 2021:
US+ 2018:
US+ CORE:

Premium:
Plus:
Classic:

Varies / person / yr
3,840 kWh / person / yr
5,500 kWh / person / yr

9.51
14.26
19.02

KBTU / sf/ yr
KBTU / st/ yr

KBTU / st/ yr



Modeling

O

P H A2 Passive House
Passive House Institute US /f?Sﬁ?UfE’
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Complementary Programs

ZERO ca

ENERGY READY HOME cradletocradle

EEEEEEEEEEEEEEEEEE

LIVING
BUILDING
CHALLENGE




Passive House #
Products and Technologies

AN




Passive House =
Whole Building Systems Analysis

Energy Flow

Climate & Context
Massing & Envelope

Mechanical, Electrical, & Plumbing



compact building

form

draught-free construction
with continuous air
barrier

super insulation via a

thermal bridge-free continuous thermal

construction envelope
o " |
summer N sSupply air | night purge
shading \ extract air —% ventilation in
= I summer
~ operable
_ windows
winter |
solar ' intake air
gains
I exhaust air
triple-glazed
1|r=7'H-sttan?ard _ whole house
enestration |~ mechanical
= - — ventilation with

heat recovery

Credit: Createrra



Passive House
ERMAL COMFORT

Conventional
BUILDINGS A

WARM MOIST AIR
LEAKS OUT

CONTINUOUS AIR, VAPOR,
AND WEATHER BARRIERS

LOW TO HIGH EVEN TEMPERATURE
DIFFERENCE IN LOW TO HIGH
TEMPERATURE

FEEL AIR CIRCULATE \

WINDOWS LOSE HEAT

WINDOWS GAIN MORE THAN LOSE

UNCOMFORTABLE
COMFORTABLE

BODY LOSES HEAT TO
COOLER SURFACES

» COLD UNFILTERED
AIR LEAKS IN

SUPER - INSULATION

FUTURE FRIENDLY

CONVENTIONAL

Credit: Jamie Wolf, Wolfworks, Inc.



Impacts on Users and Co-Benefits

 Healthy indoor environmental quality
— Draft-free
— Comfortable
— Surface temperatures well above dew point
— Reduced mold risk
— Paired with low VOC, low toxin materials
— Filtered fresh air
« Passive survivability

— Minimal temperature drift during extreme weather conditions
even with system shutdowns or power outages

— Longer, slower heating and cooling loss times
 Minimized noise
— Insulation



Passive House whole building energy flow

GAINS:

« Solar energy through windows, assemblies

* Occupant heat

« Equipment energy loss inside envelope (lights, computers, misc.)

« Equipment Outputs and Efficiencies

« Renewable energy system inputs if present (PV and Solar Thermal)

LOSSES:

« Thermal & Moisture transfer through:
 Air Infiltration and Leakage
« Assemblies and Components
« Ventilation



Climate Data

Connecﬁcﬁt and Rhode Island
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Climate Data

WUFI modelling

by WUFI®Passive V.3.2.0.1

File Input Options Database Help
15 dHd © Scope | P house verificati
[EL Project
--[El, Cases
£ Case 1: EXAMPLE Residence ASHP.noPV.noEVcharging
1] Localzation/Climate: CT - HARTFORD BRADLEY INTL AP (Monthly) |
£ Building
= ﬁ PH case: Passive house: Residental
+ ﬁ Zone 1: EXAMPLE
-£h Attached zones
+-4= Remaining elements
=4} Systems
4 System 1 (User defined): ASHP Mechanicals
—%| Dewice 1 (Mechanical ventilation: Ventilation). ERV 75%. 0413
| 1" Device 2 (Heat pump: DHW): Sanden ASHPWH with 119 gal ta
:j Device 3 (Water storage: DHW): Sanden 119gal tank (confirm t
’ Dewice 4 (Photovoltaic / renewable energy): 15 84kWh aray =1
1" Device 5 (Heat pump: Heating, Cooling): Mitsubishi P SERIES
1" Device 6 (Heat pump: Heating, Cooling): Fugitsu 12RGLXD-AR
£, Case 2 with PV
j Localization/Climate: User defined
= Building
£i1 PH case: Passive house: Residential
211t Zone 1
£ Attached zones
B aienisaicors mlsiaiaks ot
< >

CAUsers\Luke McKneally\Documents\ WORK-LM_local\_Projects\210429_ICF WUFI multifam pres\EXAMPLE Residence.mwp

| EnglishiPiOuter dimensions/PHIUS+ 2018
Localization Climate Source energy/CO2-Factor

RTFORD BRADLEY INTL AP (M

Heating Heating Cooling Cooling

Setting Jan Feb. March Apnl May June July Aug Sept Oct Nov Dec. W1 .2 W1 W2
Ambient 2804 2012 (3992 50 6044 6728 7412 707 6314 518 4352 2912 1832 3272 79.16
Dew point 1274 176 (248 3182 4406 5702 6278 6008 5252 4172 2822 194
Sky" 742 -148 (86 194 3434 4802 5396 5054 4172 2858 1382 302
Ground”
[ *Mor Solar radiation [Btwhr f
North 792496 10.143€13.630€ 13.313€16.483€ 17 434€17.751€ 14 581€11.411€8 558956 02297 6 6569€ 10.46094 7.60796 2377487
East 14.581£18.068¢25.6768 24 . 725628.212630.114£28 8466 20 480£23.140617.751512.996€11.728€16.16691 10.14395 4533076
South 32.333£32.650£35.186E27.578E25.676E24.091E25.676628. 8466 32.016632.016E29.4B0E27.578E37.0888 17.43491 4152678
\est 14.898¢ 19.336¢ 24 408¢ 25 359¢ 28 529¢ 29 480£ 33 918627 261£23 457€17.751€12.362¢ 12.362€18.3859 10.46094 5135373
Global 17751522 506E36.771£43.428,51.987755.474,,56.108549.451,39.307, 27 .895E 19.019£ 14 581£20.60489 13.94793 87.80853
Optional input, Sky/Ground: if not defined, temperatures will be estimated)
= ° ] —
Ambent Norh
Q Dewpon /ﬁ//a“'--g\ Q East o T
. Sky ! s e b fu,:: /V‘
P ] ] ) Q Wast A
/G/ AW - 5 4
ey / S
L -] L \G\\Q\ =
~ B
§ .1 ™ L A *" T e WA
& o 2 AT \0\
B mga{ W i
e " o p = __8
|_ar e
g e
~o——0
' ) Month ) ’ ’ Month ' ’

0 Data state/results @ Show wamings | | > Calculate WUFI shading i

Credit: Fraunhofer IBP



Massing, Orientation, Glazing, Shading

X

MASSING & WINDOW AREA SOLAR EXPOSURE
ORIENTATION & ORIENTATION




N\

Comfort & Health
Quality

Cost Effective
Efficient

Credit: PHIUS & Pembina Institute



Enclosure
AIR - HEAT &

T
MANAGEMENT e MANAGEMENT

WATER ¢ VAPOR

Credit: Hammer & Hand



Assemblies
WUFI modelling

& Hd @ Scope Passive house verification

5P X

.
)
=

5 G

o O &

> o

"5, Case 1: EXAMPLE Residence ASHP.noPV.noEVcharging

:§ Localization/Climate: CT - HARTFORD BRADLEY INTL AP (Menthly)

£} Building
—- £} PH case: Passive house: Residential
| &-f3t Zone 1: EXAMPLE
=} {j Visualized components

| B Component 1: Windows/Doors

4 Component 2: Walls-BelowGrade

g Component 3: EntryFloor

&
™ Component 5: Roof-AtticSpace-CelluloselLF
Component 6: Cold Room Door
Component 7: Walls-ColdRoom
Component 8: Slab
Component 9: Roof-OuterEdge-SPFecc
Component 10: Roof-OuterEdge-SPFcc
Component 11: Roof-OuterEdge-SPFcc
Component 12: Roof-OuterEdge-SPFcc
Component 13: Roof-innerEdge-CelluloselLF
Component 14: Roof-innerEdge-CelluloseLF
Component 15: Roof-InnerEdge-CelluloselLF
Component 16: Roof-InnerEdge-CelluloselF
Component 17: Roof-Flat-SPFec

vt Mladiunsislivad cameanants

1 tlals

v | English1P/Outer dimensions/PHIUS+ 2018 = Assign data

General Assembly Surface
1 i .

o

Name R [hr f€ *F/Btu] Select from Edit
;Double Stud Wall-NewEngland, ZipSheathing, 3.5%, 2°Gap, 5.5 Structural 36.346 [ SRS
ist RODfFllarﬂlné Ilﬁ“w;'-i‘Mmerai\-.-'col Conhnuous Exterior Insul 66.197 A ] New
Woist Roof Framing 16" w/ 6" MineralWool Continuous Exterior Insul 73.024 & Delete
4° reinforced Slab on Grade w/ vapor barmer 2° M/ 9437 <2 Copy
ICF_Quad-Lock 12" block 27478 2 Insert
2" Z1P-R Wall, 5.5" MW 32686 St
4" Continuous Mineral\Wool, 2x6 Stud w/ cavity MW/ [ Double-click to ass A to current component. |
Double Stud Wall, 3.5 outside Continuous - 5.5 Structural cellulose 3091
Double Stud Wall, 3.5 outside Continuous - 5.5" Structural MW/ 37427 v

Inhomogenous layers

Heat transfer coefficient (U-value): 0.027 Btu/hr ft* °F

Thickness: 12.023 in

Thermal resistance: 36.346 / 40 872 hr ft* °F/Btu (EN ISO 6946 / homogenous lay]

y ,\

O Data state-"results@ |Show wamings | | » Calculate WUFI shading

b
Matenal/Layer P c s Thickness
Nr (from outside to inside) [Ib/ft*) | [Btulb®F] |[Btu/hr ft °F]  [in] Color
1 |vapor retarder (S5perm) 8.12 0.55 1.3289 0039
2 |Oriented Strand Board 40.58 045 0.0532 0.492 v

Credit: Fraunhofer I1BP



Assemblies
WUFI modelling

) 7 & © Scope Passive house verification ¥ | EnglishilP/Quter dimensions/PHIUS+ 2018 = Assign data

Bl Project *| General Window parameters Solar protection

. EXAMF Residenc ASHP nof nobEVcharging

, . Lo ! Assigned window type
; é ;ocl:hzal:meIlmalc. CT - HARTFORD BRADLEY INTL AP (Monthly) i Nama Uw [Btu/hr f *F] Ffla::tfmm Edit
- unan

- ﬁ PHngcase' Passive house: Residental ]Shuco B oo M i S -

i ﬁ Zone 1: EXAMPLE
= £ Visualized components

SNii ] Component 1: Windows Fixed Large inen?25 0'140”?2672 ~ ] New

Available window types

[ Component 2: Windows Operable 04 Alpen925 0.1520007086 & Delete
~ Componant3: WindowafDoors KW EcoClad TT Triple 0.39SHGC, U-0.09, 52mm 01316247591 42 Copy
----- [ Component4: Window Fixed Picture
B Component 5: Windows Fixed Comer Draft SHUCO Living MD = 0.52SHGC, U-0.107, 90mm 0.1576 & Insert
[l Component 6: Windows Operable 03 Glazing: Clear 3 Layers, Frame: Wood/Vinyl - Operable 05245 New/insert
= . after w
Bl Component7: Windows/Doors Low -e Double glazing on surface 2, e=0.2 0.3034
----- B Component 8: Windows Operable 02 -
[ Component9: Windows Basement fixed MacroWin MW88_Climatop ONE glass Krypton | Double click to assign to current window i
- Component 10: Window/Door Patio MacroWin MW88_Climatop LUX_glass Krypton 0.1579 v
- Component 11: Walls-BelowGrade
—am Component 12: EntryFloor
[ Component 13: Walls-AboveGrade Basic data ~
----- . Component 14: Roof-AtticSpace-CelluloselF Uw -mounted [Btu/hr ft* °F]| 0.1544
4 Component 15: Cold Room Door
= Careen ant 1R Walle S AldR Aanm b me’e fmof 0.6815
£ 2 Glass U-value (Btu/hr t2 °F]| 0 088
SHGC/Solar energy transmittance (perpendicular) 0.6
Frame data
Setting Left Right Top Bottom
Frame width [in] 4 61 461 4 61 461
Frame U-value [Btu/hr ft* °F] 0.176 0.176 0.176 0.176
Glazing-to-frame psi-value  [Btu/hr ft °F] 0.016 0.016 0.016 0.016
Frame-to-Wall psi-value [Btu/hr ft °F) 0.029 0.029 0.029 0.029
Solar radiation angle dependent data
Total
Angle solar
(] trans.
" " b
ol P SR | g £ 1IRD
Credit: Fraunnotrer ibr

|0 Data state/results @ l » Calculate WUFI shading




Air Leakage

PHI: 0.6 ACH50
0.033 cfm50 / ft2 for 210,000sf

PHIUS: 0.08 cfm75 / ft2 for 1-4 stories
0.11 cfm75 / ft2 for =5 stories
0.30 cfm50 / ft2 dwelling units

US Army Corp of Engineers (v3, 2012):
0.25 cfm75 / ft2

Mass Save UDRH 2019 Baseline:
0.4 cfm75 / ft2

v v

Credit: Wolf & Tyler (2013)



Air Barrier Details

Air barrier continuity
— High attention to all exterior details
Insulation continuity

— Thermal bridge mitigation
wherever possible

Credit: Steven Winter Associates



Thermal Bridging

Thermal Bridges are common at structural interfaces:

Columns and beams at facade
Slab & floor edges at facade
Window and door frames and supports
Cantilevers
Penetrations

15 Window Thermal bridges
A at spacer (edge of glass)
B: at window-wall junction
((edge of frame)

Perkins+Will Research Journal
2017 / VOL 09.01



Thermal Bridging

AND
* Anchors for curtain walls, rain screen panels, and masonry
 Rainwater drains
+ Waste pipes
» Electrical
* Ventilation
* Intakes and exhausts
» Kitchen extraction hoods
» Dryer exhaust

A at spacer (edge of glass)
B at window-wall junction
\(edge of frame)

Perkins+Will Research Journal
2017 / VOL 09.01



Thermal Bridge Modeling

PHPP

Passive House planning:

SPECIFIC ANNUAL HEATING DEMAND (monthly method)

(This page displays the sums of the monthly method over the heating period)

Climate: EN’Y , New York ' interior temperature: | 68 ‘I-F
B | T —————— i bbbl S

. kY, '19'EITU!(?1=‘F] . . . - Treated floor area Aqyy |

189012 |

per ft?

Temperature zone Area R-Value Month. red. fac G, treated

Building assembly i he ' FIBTU F . daylyt KETUy floor area
Exterior wall - Ambient A 91719 "1/ 23.6 o 1.00 = 5673 = 528826 2.80
Roof/Ceiling - Ambient A 10972 [*1/ 34.2 * 1.00 » 5673 = 43631 0.23
Floor slab / Basement ceiling B 10788 "1/ 3.6 L4 1.00 |* 708 = 51051 0.27
| | | 1.00 | 5.17

Windows

iExterior TB (length/ft)

Transmission heat losses Q;

30931

1 | i 25

= 6 % of the total heat loss through the envelbpe.

| 5673 = 977446 |

106418

1710290 ]

Tolall

9.05

Thermal bridge inputs

Thermal bridge Grou : User deter-mined length Length{ | Input of thermal bridge heat loss s
ol descripliong N, ittt Oty ] ’ [ft) P coeficlent BTUN.AF BTU/Mr ftF
6 Wall Panel Bridges Wall Panel Bridges
T Panel to panel (H1l) 15 Thermal bridges Ambient 1 8131.80 8131.80 Panel to panel (H1l) 0.072
8 Panel corner 15 Thermal br{dges Ambient 2 253.00 506.00 Panel corner -0.038
9 Shallow over Deep (S50 15 Thermal bridges Ambient 1 3945.50 3945.50 |Shallow over Deep (SO 0.012
10 |DPeep over shallow (S) 15 Thermal bridges Ambient 1 3949.50 3949.50 |Deep over shallow (S) 0.015
1 Vertical Joint (V1) 15 Thermal bridges Ambient 1 1828.78 1828.78 Vertical Joint (V1) 0.029
12
13 |Roof Bridges Roof Bridges
14 [TB1 15  |Thermal bridges Ambient 1 7.58 7.58 TB1 0.099
15 TB2 15 Thermal bridges Ambient 1 207.22 207.22 TB2 0.136
16 |TB3 15  |Thermal bridges Ambient 1 24.27 24.27 TB3 0.072
17 |TB4 15 Thermal bridges Ambient 1 24.27 24.27 TB4 0.087
18 |TBE 15  |Thermal bridges Ambient 1 23.84 23.84 TB6 0.021
19 |TB7 15  |Thermal bridges Ambient 1 23.84 23.84 |TB7 0.130
20 |TBS 15  |Thermal bridges Ambient 1 70.24 70.24 TBS 0.143

Total : 18,904

Credit: Steven Winter Associates / PHI



Thermal Bridge Modeling

WUFI

L \.,UfflpL'fl‘:ll\ 2. WUOIU MIOLH N o -~
#- Component 16: Walls-ColdRoom Sar mes
== Component 17: Slab IhLlnear! Length
— . erma L

Component 18: Roof-OuterEdge-SPFcc Nr Name el ‘ Attachment
™ Component 19: Roof-OuterEdge-SPFcc [Btu/hr ft *F] [t}
- Component 20: Roof-OuterEdge-SPFee el s e U .
™ Component 21: Roof-OuterEdge-SPFcc | Sbedge 00§07 276  Perimoter = [{)New
™ Component 22: Roof-innerEdge-CelluloselF 2 Porch Roof 0.1 25 Ambient b Delete
™ Component 23: Roof-InnerEdge-CelluloselF 22 Copy
- Component 24: Roof-InnerEdge-CelluloselF A Insert
™ Component 25: Roof-InnerEdge-CelluloselF

New/lnsert

- Component 26: Roof-Flat-SPFcc
&2 Notvisualized components after
yp Thermal bridges |
&% Internal Loads/Occupancy
i @ Ventilation/Rooms
---£ Attached zones
-4 Remaining elements
(0 Systems
—-£31 System 1 (User defined): ASHP Mechanicals
4] Device 1 (Mechanical ventilation: Ventilation): ERV 75%, 0.413
Dewice 2 (Heat pump: DHW): Sanden ASHPWH with 119 gal ta

ewnce 3 (Water storage DHV Sancen Soal @mnk i

w1
mtnin | ranawshla anarcul- 16 QAWML srrsu =1

Credit: Fraunhofer IBP



Thermal Bridging

Insulating AROUND Parapet Insulating UNDER Parapet

Credit: Meip Keller, Payette 2015



Thermal Bridging

Knife Plate

Fero FAST System

HSS Section

Large Angle

|Effective

Assembly R-16.4 (RSI 2.89) R-16.3 (RSI| 2.87) R-16.1 (RSI 2.84) R-10.6 (RSI 1.87)
[R-Value

Effective 14.0% 14.6% 15.7% 43.0%
Reduction

Credit: Meip Keller, Payette 2015




RATED ASSEMBLY BEYOND
( REFER TO FLOOR / CEILING TYPES )

Enclosure - Walls

" $B.:VARES —_——

1

Wy
%

o)

|
|
l
I
|

SECTION THRU HEAD

CAVITY INSULATION:

DENSE PACK MINERAL WOOL OR
FIBERGLASS WITH VAPOR OPEN

AIR BARRIER - ALL SEAMS TAPED

758

o [E7E

ELASTOMERIC SEALANT BETWEEN

SHEATHING AND STUDS, AT ALL
SHEATHING EDGES, AT ALL JAMB,
HEAD, SILL AND TOP PLATES AS
SPECIFIED

res L
“

Y

PROVIDE SEALANT
(AR SEAL)

TAPE ALL CORNERS

PROVIDE 1/2° PLYWOOD AT
TOP OF WALL ASSEMBLY

SECTION THRU HEAD

g REFER TO STRUCTURAL
DWGS FOR FRAMING
> g NoTE: X
3 [REFERTO AR SEAUNG DETALS
o Ao AN PROVIDE CONTINUOUS SPRAY
4lg |moE / N FOAM INSULATION AT JOIST CAVITY
8 |oPENwEs JoisTs, TYP
8|2 {REFER TO STRUCT. OWGS) CONTINUOUS
& e A AS SPECIFIED
hr PROVIDE SEALANT (AIR SEAL)
B \‘. BETWEEN GWB AND STUD AT ALL
3 SILL AND TOP PLATES AS SPECIFIED
L
s (REFER TO RCP)

PROVIDE DOUBLE TOP PLATES

CONTINUOUS METAL SLIP JOINT
(12" FOR DEFLECTION)

1 1/ GAP BETWEEN STUDS
2x WOOD STUD FRAMING,

REFER TO STRUCT. DWGS
2 172" METAL STUD FRAMING

MEDIUM DENSITY SPRAY FOAM
INSULATION IN STUD CAVITY BEARING
UL CLASS MARKING, TYP

PLAN VIEW

(1) LAYER 58" FIRE
RATED GWB

SCHEDULED BASE
(REFER TO FINISH PLAN)

PROVIDE CONTINUOUS
SEALANT. SEAL GWB TO
TOP OF DECK. BOTH
SIDES OF ASSEMBLY

FINISHED FLOOR
(REFER TO FINISH PLAN)

LNEOFFI.MRDECK—\E

EXTERIOR SHEATHING AS SPECIFIED,
THICKNESS PER STRUCTURAL DWGS

38" FIBER CEMENT LAP SIDING, REFER
TO ELEVATIONS (COLOR AS SELECTED
BY ARCHITECT)

PROVIDE SEALANT (AR SEAL)
BETWEEN GWB AND STUD &
STUD AT ALL SILL AND TOP
PLATES AS SPECIFIED

CONTINUOUS 2 12" METAL FLOOR
RUNNER & 2x6 WOOD SILL PLATE

SECTION THRU BASE @)

Credit: The Architectural Team



Enclosure — Windows & Doors

"

L
1 (REFER TO WALL TYPE)

e

i

GWB AND STUD
AROUND ALL
OPENINGS AS
SPECIFIED

F ADHERING FLASHING.

PROVIDE SEALANT ‘.-;'
(AIR SEAL) BETWEEN_\ >

$ ROUGH OPENING :

(SEE SCHEDULE) - —
CORNER BEAD ———— P
AIR SEAL WINDOW FRAME TO

FRAMING/BLOCKING AROUND ENTIRE
PERIMETER WITH SEALANT AND BACKER
ROD OR NON-EXPANDING FOAM.

J-BEAD & SEALANT

| EXTERIOR |

EXTERIOR SHEATHING AS
SPECIFIED, THICKNESS

PER STRUCT DWGS
CONTINUOUS AIR BARRIER AS
SPECIFIED, LAP OVER WINDOW
FLASHING. TAPE ALL SEAMS
3/8" FIBER CEMENT LAP SIDING
REFER TO ELEVATIONS.
(COLOR AS SELECTED BY
ARCHITECT)

SELF ADHERING FLASHING,
REFER TO ISOMETRIC DETAIL

HEADER WITH PLYWOQD FILLER,
REFER TO STRUCT DWGS

—=— DRIP EDGE WITH 8" STRIP OF
SELF ADHERING FLASHING

5/4x6 (NOM) PVC

(RIM, PRIME & PAINT

— AIR SEAL WINDOW FRAME TO
4 FRAMING/BLOCKING AROUND ENTIRE
3 PERIMETER WITH SEALANT AND

(DO NOT FILL SILL PAN)

8"x7" PLYWOOD —
BACKDAM

BACKER ROD OR NON-EXPAND FOAM

\— BACKER |
SEALANT SELF ADHERING MEMBRANE TO
WRAP UP AND OVER BACKDAM
STOOL CAP, FINISH AS —
FIBERGLZ SCHEDULED
SCHEDUL

FIBERGLASS WINDOW AS
SCHEDULED AND
SPECIFIED

F——— SEALANT AS SPECIFIED

SEALANT (AIR SEAL) —
BETWEEN GWB AND

\}.
$ (SEE SCHEDULE) EE

STUD AROUND ALL :-;
OPENINGS AS \C\
SPECIFIED X

»

APRON, FINISH AS
SCHEDULED

BACKER ROD & SEALANT
AS SPECIFIED

SELF ADHERING
FLASHING, LAP OVER
AIR BARRIER. REFER

T

fromp—— sy p—

TO ISOMETRIC DETAIL

5/4x6 (NOM) PVC
TRIM, PRIME & PAINT

3/8° FIBER CEMENT LAP SIDING
REFER TO ELEVATIONS.
(COLOR AS SELECTED BY
ARCHITECT)

CONTINUOUS AIR BARRIER AS
SPECIFIED. TAPE ALL SEAMS

EXT SHEATHING AS
SPECIFIED, THICKNESS

" PER STRUCT DWGS

ICONDN WIWALL TVDEEY

Credit: The Architectural Team



Enclosure - Walls

RATED ASSEMBLY

&
$EL‘ VARIES

)

( REFER TO ROOF / CEILING TYPES

REFER TO STRUCTURAL
// AN \\ DWGS FOR FRAMING
woret /N '\
REFER TO AIR SEALING DETAILS
n'/ A S PROVIDE CONTINUOUS
NOTE: INSULATION AT JOIST CAVITY
OPEN WEB JOISTS, TYP \ BEATEREAT ST e
(REFER TO STRUCT. DWGS) T m—m—
AS SPECIFIED
(REFER TO RCP) =l
/K
TAPE ALL CORNERS
e e PROVIDE DOUBLE TOP PLATES
TOP OF WALL ASSEMBLY
SECTION THRU HEAD
CONTINUOUS 6 MIL. MEDIUM DENSITY SPRAY FOAM
POLY AIR AND VAPOR INSULATION IN STUD CAVITY
BARRIER AS SPECIFIED BEARING UL CLASS MARKING
2x8 WOOD STUD FRAMING, 4* CONTINUOUS RIGID

REFER TO STRUCT. DWGS

INSULATION, TAPE ALL SEAMS

PLAN VIEW

(1) LAYER 5/8" FIRE

RATED GWB

SCHEDULED BASE
(REFER TO FINISH PLAN)

PROVIDE CONTINUOUS
SEALANT. SEAL GWB TO
TOP OF DECK, BOTH
SIDES OF ASSEMBLY
FINISHED FLOOR
(REFER TO FINISH PLAN)

LINE OF FLOOR DECK —\

= LI, ) L™

** [oremen]

1/2" EXTERIOR SHEATHING
AS SPECIFIED, REFER TO
STRUCTURAL DWGS

3/8" FIBER CEMENT SIDING (LAP OR
SHINGLE), REFER TO ELEVATIONS
(COLOR AS SELECTED BY
ARCHITECT)

PROVIDE SEALANT (AIR SEAL)
BETWEEN GWB AND STUD &
STUD AT ALL SILL AND TOP
PLATES AS SPECIFIED

CONTINUOUS 2x8 WOOD SILL PLATE
(SECURE TO FOUNDATION) OVER
SILL SEAL, SILL GASKET)

SECTION THRU BASE )

1'-03/4° L

Credit: The Architectural Team



Enclosure - Roof

RATED ASSEMBLY

7 "PARALLEL CHORD WOOD —— 17 5 7
TRUSS, 24" 0.C. MAX /1 / \, |TRUSS IN OPPOSITE DIRECTION SHOWN
— -REFER TQ STRUCT. DWGS) ¥ }__ A _{ (| PASHED. REFERTO STRUCTURAL DWGS —

3/4" ROOF SHEATHING, REFER TO
STRUCTURAL DWGS

6 MILS POLY AIR CONTROL LAYER,
TAPE ALL SEAMS AND PENETRATIONS

\\I\ 4%

(1) LAYER 5/8" FIRE RATED GWB, — 7

o S A -

U ﬁ u'r Uyl AW [
I Y S P N N S T

NS I M o it s il

MEMBRANE ROOFING SYSTEM AS
SPECIFIED

R= 3OMIN SLOPE 1/4" PER 1-0 |
LY

Y
172" PROTECTION BOARD AS SPECIFIED

NN Fa N |
5/8° METAL FURRING CHANNELS AS SPECIFIED,?
RUN PERPENDICULAR TO JOIST DIRECTION

o V h
6" MIN RIGID INSULATION AS SPECIFED. E
m

114

L

/UGHTFD(TURE\ ] B
= | P — — —

LAY-IN ACOUSTICAL TILE AS —
SCHEDULED (NOT RATED)
METAL SUSPENDED CEILING

SYSTEM AS SPECIFIED

NOTE:
HVAC EQUIPMENT AND/OR LIGHTING FIXTURES ARE NOT

PART OF RATED ASSEMBLY, FIXTURE PROTECTION IS
NOT REQUIRED

Credit: The Architectural Team



Enclosure — Wall to Roof

MEMBRANE ROOFING SYSTEM AS METAL DRIP EDGE AS
SPECIFIED OVER 1/2" PROTECTION BOARD SPECIFIED. LAP OVER GUTTER
SYSTEM, SECURE IN PLACE ASPHALT ROOF SHINGLES

AS SPECIFIED

6" MIN RIGID INSULATION AS SPECIFIED
] N A . GUTTER SYSTEM, HOLD 1" MIN
RO MIN, SLOPE V4~ PER 147 FROM FACE OF SIDING. NOTE: i

ICE & WATER SHIELD, EXTEND

GUTIER DOES NOTQCLANCI FROM ROOF EDGE TO 2-0"
ALL LOCATIONS, REFER TO
OO L D S Evenions BEYOND EXTERIOR FACE OF WA
BELOW, REFER TO ROOF PLANS.
5 2x BLOCKING FOR
INSULATION DAM
STRUCTURAL RAFTER TAIL,
REFER TO STRUCTURAL DWGS
1x4 FIBER CEMENT TRIM,
L PRIME & PAINT ALL
EXPOSED SURFACES
1x FIBER CEMENT TRIM,
PRIME & PAINT METAL DRIP EDGE AS
SPECIFIED. LAP OVER GUTTER
1/4" FIBER CEMENT SOFFIT BOAF SYSTEM, SECURE IN PLACE

AS SPECIFIED. PROVIDE 2x
BLOCKING AS REQUIRED

GUTTER SYSTEM, HOLD 1" MIN
FROM FACE OF SIDING. NOTE:
GUTTER DOES NOT OCCUR IN
ALL LOCATIONS, REFER TO

1x FIBER CEMENT TRIM OVER

1x BLOCKING , PRIME & PAINT ROOF PLANS AND ELEVATIONS
ALL EXPOSED SURFACES
STRUCTURAL END TRUSS, 1x FIBER CEMENT TRIM OVER

REFER TO STRUCTURAL DWGS

1/2" PLYWOOD, PRIME & PAINT
(COORD. W/ RAFTER SIZE)

1/4" FIBER CEMENT SOFFIT
BOARD AS SPECIFIED

Credit: The Architectural Team



Enclosure — Interior over Exterior

Insulation Under Deck

FINISH FLOORING
: A4 CYPEUM FLOOR .
Interior UNDERLAYMENT ON Interior
SOUND ATTEMUATION MAT
I STRUCTURAL SHEATHING
£ »

Insulation At Ceiling

FINIEH FLOORMNG
34" GYPSUM FLOOR
LINDERLAYMENT ON

SOWINDG ATTENLUATION MAT
4" ETRUCTURAL BHEATHING

¢+ . . 1 . gl

Lﬂﬂrj =T =] [-'1 =1
4108 RIS N |
| i

MISC. PLUMBING AND
DRAING WITHIN FLODOR

Insulation Above Deck

FiNiSH FLOORING
& TO 7* RIGID EPS FOAM

[}
wd

| CAVITY. ALL PLUMBING TO
{ | BE LOCATED ABOVE TOP
! - aTO T CLOSED-CELL | OF INSULATION. PROVIDE
| SPRAY POLYURETHANE SPHAY FOAM AND sl
zzdra FOAM INSULATION T JACKETS AT ALl TRARS L MISE. PLUMBING AND
DRAING WITHIN MLOOR
™ - CAMITY. ALL PLUMBING TO
= El HE LCCATED AROVE TOP
— =1 | OF INSULATION. PROVIDE
- 2 LAYEHRS H-20 UNFACED SPRAY FOAM AND
T | > i JACKETS AT ALL TRAPS
MIST: PLUMBING AND FIBERCLASE BATTE
EXTERIOR-RATED DRAINS WITHIN FLOOR EDGES STAGGERED
GYPSLIM SOFFIT CAVITY. PROVIDE SPRAY | —
BOARD FOAM AND JACKETS AT . | I\
flL:lﬁ ;mﬂgﬂvm - - : EXTERIOR-RATED GYPSLUM
NOTE: ALL FIXTURES EXTERIOR-RATED GYPSUM SOFFIT SOFFIT BOARD
BURFACE-MOUNTED TO MMIMIZE BOARD (AR CONTROL LAYER) ON
PENMETRATIONS IN AIR BARRIER 112" BUSPENSION SYSTEM
Exterior Exterior

Exterior

Challenges

» Heat Tape for plumbing

* Access to plumbing traps

» Inspection of insulation for effectiveness, codes, and PH compliance
* Managing moisture risks at interior spaces

» Location / control of Air Barrier

Credit: Utile Inc.



N

Comfort & Health
Quality

Cost Effective

Credit: PHIUS & Pembina Institute



Mechanical Systems

g3
I C
S|E | =
S|
Ventilation (ERV/HRV) X
Heating X
Cooling X
Domestic Hot Water X




Mechanical Systems — Central Heating/Cooling

INSTALL ON STAND MOUNTED ON CONCRETE PAD TO INSTALL ON CONCRETE PAD TO EXTEND MIMMUM 5"
EXTEND WININUM £° BEYOND EQUIPMENT FOOTPRINT, BEVOND EQUIPVENT FOOTPRINT
ELEVATED 12" ASONVE GRACE.

v — Y77 | =
- — YW w3

L [F
! -.lrrtsaurm.ﬁgm

[
Za /

JANICAL ~ ||
RPOM 1

I ‘/‘1' CHWS/R

ﬂl'|

Credit: Petersen Engineering Inc.



Mechanical Systems — Individual HVAC

INSTALL ON 127 HIGH STAND, SECURED TO
127X12" CONCRETE PATIO BLOCK, D:-'-'OSU}_\
——REFRIGERENT) FIFING SHALL BE ABOVE
GRADE..IN$JL1TE? WITH' PROTECTIVE
JACKET)-TYRICAL_OF THIS SHEET, |§ (o]

¥ RS &K RL
(2 SETS)

Ducted Units Wall Units

Credit: Petersen Engineering Inc.



Mechanical Systems — Central / Semi-Central HVAC

VRF

Wall unit

Ducted Ceiling Units

Performance
+ Ventilation ductwork minimized
+ Heat recovery option allows for
simultaneous heating and cooling
Design
- Extra piping required

Wall Units
+ No additional ceiling space required
- Additional power for each unit per room
- No units on market for very small loads

Ducted Units
+ Hidden equipment
- Requires additional ceiling space
- Requires sealing of ducts

Credit: Steven Winter Associates



Ventilation

Continuous Balanced Ventilation:
— Exhausting Stale Air

from point sources (kitchen, bathroom ...)

+ Intake and Filtering of Fresh Air
to living areas (bedrooms, living room ...)

With Heat / Energy Recovery



Sensible and Latent Energy Transfer

> 50-70% efficiency

Filters
Fresh
air from
outside

Stale
air from
inside

Exhaust
to outside

Fresh
air to
inside

Fan

Cross FIow Heat or
energy recovery core

Credit: SummerAire



Sensible and Latent Energy Transfer

> 70-99% efficiency

Counter Flow Heat
or energy recovery core

Credit: Michael LeBeau & Barry Stevens



Sensible and Latent Energy Transfer

SUMMER CONDITIONS > 60-80% efficiency

OQUTDOOR AIR

SUPPLY AIR

RETURN AIR EXHAUST AIR
75°F OB 89°F OB
63'F w8 73FWB

WINTER CONDITIONS

SUPPLY AIR

RETURN AIR EXHAUST AIR
72°F 08 27°F DB ,
54'F W8 20'F wB

Credit: doas-radiant.psu.edu



Mechanical Systems — Balanced Ventilation

Heat/Energy Recovery Ventilator

(l L]
r-wrN g1 au [y
' K
. eE
= s E4
i \ﬂ:—. =
!
Al) NS L T
N T S

Centralized Decentralized
One ERV ventilates several apartments Each unit has their own ERV

Credit: Steven Winter Associates



Mechanical Systems — Balanced Ventilation

Heat/Energy Recovery Ventilator

Design / Constructability

Centralized Decentralized
Benefits Benefits
e Less horizontal duct > Less ceiling depth * No floor and roof penetrations
* No exterior through wall penetration e Better apartment compartmentalization
Challenges Challenges
* Loss of floor space for vertical shafts * Sealing 2 penetrations per apartment
* Large floor and roof penetrations e Horizontal duct at every apartment
* Fire rated shafts & dampers needed requires detailed coordination and
e Critical to seal duct increases ceiling depth

e Higher floor to floor at horizontal
distribution floor requires coordination

Credit: Steven Winter Associates



Mechanical Systems — Central vs Distributed

Heat/Energy Recovery Ventilator

Maintenance and Operation

Centralized Decentralized
Benefits Benefits
* Fewer units to maintain * Power for ERV on tenant panel
 ERV more accessible to maintenance Challenges
Challenges e Filters need to be replaced in every
* Cost of ventilation on owner apartment every 3 months

* Requires access to exterior louvers for
cleaning

Credit: Steven Winter Associates



Mechanical Systems - DHW
Domestic Hot Water

. Hot water used for drinking, food prep, sanitation, and personal hygiene

. NOT for heating, swimming pools, commercial cooking, etc.

Credit: Steven Winter Associates



Source Energy

0)
1 3 A) PUMP & AUX ELEC
0)
5 /0 HEATING ENERGY
0]
‘ 6 /0 COOLING ENERGY

DHW DEMAND

13%

LIGHTING

PLUG LOADS

PASSIVE HOUSE
HIGH RISE: NYC

Credit: Steven Winter Associates



Mechanical Systems - DHW
Domestic Hot Water - Central

Benefits

e Reduced pumping power

e Can use gas boilers

e Potential to switch to HP in future

e Could utilize demand controlled
to reduce recirc loop losses

Challenges
* Loss of floor space
* Onowner's meter

Credit: Steven Winter Associates



Mechanical Systems - DHW

Domestic Hot Water - Semi-Central
Per Floor

Benefits

* Heat Pump-ready now

e Reduced pumping power

e Beneficial electrification

e Could utilize demand control to
reduce recirculation loop losses

Challenges
@ « |oss of roof area
e On owner's meter

Credit: Nyle Systems, Colmack Waterheat



Mechanical Systems - DHW

Domestic Hot Water - De-centralized

Per Unit

Benefits

Heat Pump-ready now

Can easily meet PH criteria
Beneficial electrification

Could utilize demand control to
reduce recirculation loop losses
On tenant meter

Challenges

Requires maintenance closet
Hybrid units require venting
Split units require outdoor area

Credit: Sanden, Rheem



Mechanical Systems

WUFI modelling

¥ Scope Passive house verification

- Component 21: Roof-OuterEdge-SPFcc

™ Component 22: Roof-InnerEdge-CelluloselF
-1 Component 23: Roof-InnerEdge-CelluloselF
™ Component 24: Roof-InnerEdge-CelluloselF

- Component 25: Roof-InnerEdge-CelluloselF
i ™ Component 26: Roof-Flat-SPFcc
L. 48 Notvisualized components
.= Thermal bridges
“-5 Internal Loads/Occupancy
i €} Ventilation/Rooms
& Attached zones
'+---_:_' Remaining elements
{8} Systems
8
{4 Device 1 (Mechamcai ventilation: Ventilation): ERV 75%, 0.413
.. g™ Device 2 (Heat pump: DHW): Sanden ASHPWH with 119 gal ta
% Device 3 (Water storage: DHW): Sanden 119gal tank (confirm t
.. ¥ Device 4 (Photovoltaic / renewable energy): 15.84kWh array =1
-.§® Device 5 (Heat pump: Heating, Cooling): Mitsubishi P SERIES
..J® Device 6 (Heat pump: Heating, Cooling): Fugitsu 12RGLXD-AR
é_ Case 2: with PV
=4 Localization/Climate: User defined
_9 Building

L 4 DU ~nea: Dassnm hriiva Basidantial

v English/IP/Outer dimensions/PHIUS+ 2018

General Distribution

Hydronic heating DHW Cooling Ventilation Supportive device / auxiliary energy

Cooling distribution
Cooling via ventilation air
Cooling via air recirculation

Dehumidification

ORKE

Panel cooling

v:": tonal data

Supply air cooling is single speed
Recirculation air cooling is single-speed
Minimum temperature of cooling coil (for supply air) [*F]
Supply air cooling capacity [kBtu/hr]

Supply air cooling COP [-]

Minimum temperature of cooling coil (for recirculation air) [*F]
Recirculation air flow rate [cfm]

Recirculation air flow is vanable

Recirculation air cooling capacity [kBtu/hr]

Recirculation cooling COP [-]

Useful dehumidification heat loss

Dehumidification COP []

125

Credit: Fraunhofer IBP



PH Pre-certification

Reviewing Reports

BUILDING INFORMATION

Category:

Status:

Building type:

Year of construction:
Units:

Number of occupants:
Occupant density:

Boundary conditions

Residential

Under construction

New construction

2021
1
6 (Design)

1,065.4 ft¥Person

Climate: CT-HARTFORD BRADLEY INTL AP (Monthly)

Internal heat gains:

Interior temperature:

I

0.5 Btu/hr ft?

68 °F

Building geometry

Enclosed volume: 65,639.2 ft°
Net-volume: 49,8098 ft*
Total area envelope: 12,840.2 ft?
Area/Volume Ratio: 0.2 1/t
Floor area: 6,3924 ft?

€ | Data statefresuits @ |Show wamings| | > Calculate WUFI shading |

Heating demand: 443 kBru/ftyr |——

Cooling demand: 1.54 kBtu/ftyr =2 2! |

ol ol

o ol

Heating load: 2.86 Btu/hr ft* f

Coolingload 1.11 Btu/hr ft2 — |

- e OV OV

0000 E

Source energy: 7,132 kWh/Person yr |—— | |
6000 0000

0

Site energy- 8.16 kBtu/ftiyr _—

2000

4000

0

1.5 3

45

Credit: Fraunhofer IBP



Construction Phase Support

3rd Party Verification
- Engaged during Design

- Verification Team should understand & comment on the
design prior to start of construction

- Responsible for enforcing implementation of Design
during Construction

. Must have authority through Owner / Architect

. Critical to Passive House performance and certification



Commissioning & Verification

. Testing
Assemblies

. Checking critical
connections

- Verifying specs

- Documenting
Issues

. Suggesting
resolutions

Credit: Steven Winter Associates



Quality Control

AIRTIGHT BUILDING

NO DRILLING NO CUTTING
AIRTIGHT AIRTIGHT
CONSTRUCTION MEMBRANES

REPORT ALL PENETRATIONS TO SUPERVISOR

Credit: 475 Building Supply



Site Inspection Checklist

The following items must
be inspected and/or
tested before being made
iInaccessible:

Phase

Description

BELOW GRADE

Sub-Slab Insulation

Sub-Slab Air/Vapor Barrier

Below Grade Wall Insulation

Below Grade Air/Vapor Barrier

Gas Meter Room - penetrations

Trash Room

Laundry Room

Waste / Misc. penetrations

ABOVE GRADE

Perimeter conditions at Grade

Building Corners, Expansion Joints

Canopies - 1st inspection

Above Grade Wall Insulation

Above Grade Air/Vapor Barrier Transitions

Trash Chute Doors

Roof Surfaces - Insulation

Roof Surfaces - Air/Vapor Barrier Transitions

TOP OUT

Mechanical Bulkhead - Insulation

Mechanical Bulkhead - Air/Vapor Barrier

Elevator Shaft - Smoke Dampers

Storefront - Air Sealing

Canopy - Final Inspection

Mezzanine - Final Inspection

Credit: Steven Winter Associates




Site Inspection Checklist: Unique Conditions

Detail Date

ion I ° °
Description R — I CheCkIISt developed durlng

See Wall Type 9; 6” (approved by ZHA) or 5” of Owens Foamular 400; insulation continuous at
henched - insnacted hefare Prenrife is install

e e e construction documents

[Item # |

Instructions provided to
inspector for items to inspect

_ Details provided to assist
it on-site inspection

| i
@ EXTERIOR WALL (BELOW GRADE)

4 HR FIRE RATED TABLE 720.1.(2)
#4-1.1

BENCHED AREA: A-
315.00

Too large "

g Photos annotated to help
g | guide visual inspection

Rigid insulation install: all seams are tight — can’t fit a beer coaster.

Credit: Steven Winter Associates



Mid-Point Testing

. Whole Building /
Guarded blower
door test
- focus on one floor

. Individual
apartment
blower door
tests

. Individual
components &
Unique Conditions

Credit: Steven Winter Associates



Final Blower Door Test

PHIUS - Pressurize whole building / zones
0.11 cfm75 / ft2 > 5 stories
0.08 cfm75 / ft2 all others

PHIUS - Pressurizing dwelling
0.3 cfm50 / ft2

PHI - Pressurize whole building
0.033 cfm50 / ft2

Credit: Steven Winter Associates



Renewable Energy Systems

plus storage

* Reduce source energy

« May contribute heat (reduce heating loads,
increase cooling loads)

Credits: PHMA, AleSpa, SolarEdge



It CAN be done

» LT
] i, - 7

—

Zero Energy Design , —
Tighthouse Passive House, 2 ;
Brooklyn

—



Kaplan Thompson
Bayside Anchor, Portland
Portland Housing Authority (PHA) and Avesta Housing &




Christine Benedict

Knickerbocker Commons
RiseBoro Community
Partnership



h,.
|
!
:




It IS BEING done!

Handel Architects
Cornell Tech Residences
Roosevelt Island

Cornell University



BROUGHT TO YOU BY PROUD SPONSOR OF

EVERS=URCE bl d e ol

Questions & Further Discussion

Luke McKneally AIA, LEED AP, CPHC
ICF Account Manager
luke.mckneally@icf.com

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