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Learning
Objectives

At the end of the this course, participants will be able to:

1. Employ passive house principles and convey how they make good

building science sense!

Create an airtight envelope and minimizing thermal bridging.

Describe the benefits of a heat recovery ventilation systems and how

to maximize them.

4. Discuss how building form and program impact detail complexity and
Cost.
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First passive house built
In 1991



OVERVIEW:

INSULATION
AIR TIGHTNESS
VENTILATION



INSULATION




Multifamily



1 PASSIVE HOUSE CERTIFIED PROJECT
1 PASSIVE HOUSE DESIGNED PROJECT
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~ | THE DISTILLERY

South Boston, MA

e Mixed Use

e 28 Units

« 37,000 SF
(excluding

garage)

CONCORD HIGHLANDS
Cambridge, MA
e 98 Units,
« 110,000 SF
(excluding garage)



SLAB r:23

® 6" EPS ABOVE DECK

1/2" ZIP SHEATHING. ALL
JOINTS & INTERSECTIONS
TAPED W/ ZIP TAPE OR ZIP
SEALANT

U—ﬂr&n

PROSOCO SEALANT SYSTEM AT ALL
OPENINGS (TYP.)

TACK UP VB DURING CONSTRUTION
FOR LATER LAPPING OF VB ON SLAB

TAPE JOINT BETWEEN ZIP
SHEATHING AND VAPOR BARRIER
WITH ZIP TAPE OR ZIP SEALANT

—— SILL GASKET
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WALLS Rr:34

® 3" MINERAL WOOL — CONTINUOUS
® 2X8 CAVITY FILLED WITH CELLULOSE
® CELLULOSE IN FIRST 3' OF TRUSS BAY



ROQOF R0

® TRUSS CAVITY FILLED WITH CELLULOSE
® 2" MIN CONT INSULATION ABOVE ROOF DECK

TYP. TERRA COTTA
WALL ASSEMBLY

TAPE INSTERSECTING
AIR TIGHT BARRIERS

TPO ROOFING TO WRAP UP OVER
CORNICE AND LAP AIR TIGHT
BARRIER AT BUILDING FACE

MTL. CAP & INTERGRAL DRIP

CONTINUOUS

EDGE, SLOPE TOWARDS RO_‘EF

]

METAL RAIL 3/4" PICKETTS @ 4"

| BASE BLOCK

CLEAT
0.C. MAX W/ 1 1/2" X 3" METAL
—\— 2 RAIL CAP
SINGLE PLY ROOF _§}  ©
MEMBRANE;
JI?\]DSLEECEE& WELD | TREXDECKING
EXTERIOR GRADE PLYWOOD / 2-2X12 PT GIRDER
2X10 PT JOIST
] PROTECTION //
2X8 FRAMING BOARD AL 4X4 P.T. COLUMN WITH CAST
2" RIGID INSULATION — /COLUMN EiSE

I

AIR TIGHT BARRIER
2" RIGID INSULATION SANDWICHED

BETWEEN SHEETHING AND RIM BOARD

-TERRA COTTA VENEER PANEL SYSTEM,

W/ MANUFACTURER ATTACHMENT SYSTEM
-DOW KNIGHT CI-SYSTEM FRAMING
-DRAINAGE CAVITY

-DOW WEATHERMATE FLASHING

-DOW TERMAX BEOQARD INSULATION (2")

-AIR TIGHT BARRIER

-ZIP SHEATHING. ALL JOINTS & INTERSECTIONS
TAPED W/ ZIP TAPE OR ZIP SEALANT

-2X8 WD STUDS @ 24" O.C.

-71/2" DENSE PAK, DRY BLOWN CELLULOSE
-5/8" TYPE 'X' GWB, TAPED & PTD.

N,

-FULLY ADHERED ROOF MEMBRANE
-1/2" GLASS MAT COVER BOARD
-RIGID INSULATION, 2" MIN. & AS
NEEDED FOR CRICKETS TO MAINTAIN
1/4"(FOOT SLOPE
\ -ZIP ROOF SHEATHING

-SLOPED TRUSS, CAVITY FILLED WITH

CELLULOSE INSULATION (R-66)

-VAPOR BARRIER

-1/2" RESILIENT CHANNEL @ 12" O.C.
-5/8" TYPE 'X' GWB

-2X6 FURRING

-5/8" GWB, TAPED & PTD.
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CONCORD HIGHLANDS

ROOF: (R-75):Truss cavity filled with insulation + 2”
continuous minimum

WALL: (R-27): 2” cont. mineral wool +
2X6 stud cavity filled w/ spray fiberglass

SLAB: (R-23): 6” EPS above deck



WINDOWS u-o0.134

® KLEARWALL uPVC



SHADING

® PERMANENT 5 DEEP OVERHANG FOR HIGH SUMMER SUN
® MOVEABLE SCREENS ON SOUTH SIDE



ENERGY
COMFORT
DIMINISHING RETURNS



Single family



/ PASSIVE HOUSE PROJECTS
3 HIGH PERFORMANCE HOMES




10" EPS
foam

15 mill vapor
barrier

8" concrete




FOUNDATION



Walls









Roofs






Shading

Calculate shade

Design windows
for daylight and
VIews.

September

Exterior shading



Windows



Windows



R-VALUE JUXTAPOSTION

SCALE, SURFACE TO VOLUME RATIO, CLIMATE ZONE

MULTI FAMILY SINGLE FAMILY

Ground: R 23 (5” EPS foam) Ground: R 45 (10" EPS foam)

Walls: R 27-34 ( 7.5” cellulose) Walls: R 57 ( 15” cellulose)
Roof: R 60+ (18-207) Roof: R 89-114 (24-36%)



AIR BARRIERS



Multifamily



PH ENELOPE PH ENELOPE
SECTION PLAN




SLAB

ROOF

ROOF TO WALL

WALL

WALL TO SLAB



SECTION EVOLUTION

2011 2014



WINDOWS



TESTING

5/16/17: 2563 CFM50 (189.9 in2 leakage area) - .56 ach50
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2" RIGID INSULATION
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LEGEND

OIOCICIONG

DENOTES LOCATION OF
CONTINUOUS AIR TIGHT BARRIER

1/2" ZIP SHEATHING. ALL JOINTS &
INTERSECTIONS TAPED W/ ZIP
TAPE OR ZIP SEALANT.

TAPE JOINT WITH ZIP TAPE OR ZIP
SEALANT

5/8" TYPE X GWB., TAPED &
PAINTED

2X3 FURRING AT 16" O.C.

10 MIL CONTINUOUS VAPOR
BARRIER

LIQUID APPLIED AIR BARRIER

TRANSITIONS







PROSOCO SEALANT SYSTEM AT ALL
OPENINGS (TYP.)

[UNIT

/7ROCKWOOL
et - = .I.‘ ,r.l

T
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INSTALL 10 1/2" ZIP WALL ON TCP
PLATE PRIOR TO TRUSS INSTALL
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TO PLACING TOP ZIP PANEL @

UNIT

TACK UP VB DURING CONSTRUTION
FOR LATER LAPPING OF VB ON SLAB

CAFE

SEAL VB TO ZIP WALL.
TAPE EDGE OF VB WITH
VB TAPE. SEAL TAPE TO
ZIP SHEATHING W/ SIP

TAPE OR ZIP SEALANT _ __ _
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Single family



TJI wall



Double stud wall



51" R

1 I-_ g.-l

Section (d)evolution

PRIMARY AIR BARRIER 1/2” ZIP

WEATHER AND WIND RESISTANT BARRIER
(CONTINUOUS VAPOR OPEN MEMBRANE)

T.0. PLATE AT TRUSS BEARING POINT

&1 RO

PRIMARY AIR BARRIER 1/2” CDX
WITH VAPOR OPEN WRB

SMART VAPOR RETARDER
MOSTLY CONTINUOUS

L




Penetrations
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VENTILATION



Multifamily






ENERGY RECOVERY VENTILATOR

« ZEHNDER: COMFOAIR 250



HEATING & COOLING

 INDIVIDUAL MITSUBISHI HEAT PUMPS



CONCORD HIGHLANDS

Central ERVs

VRF System



HOT WATER

CENTRAL SYSTEM: Lochinvar condensing water heater, gas fired

 Now about 30% of the total energy budget — next Frontier
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Single family



-Flexible duct work
-ERV. No drain.

-commission systems



HEAT PUMPS &
WOODSTOVES




HOT WATER

Solar Thermal Systems

Electric water heater
(Vaughn 3"polyurethane foam)

Heat Pump Water Heater



METRICS



Electric Bills - 455 East First 5t., Unit 300

5
7/15/2017
8/16/2017
9/12/2017
10/15/2017
11/14/2017
12/15/2017
1/13/2017
2/16/2018
3/17/2018

Annual Electric Bill = Appr. $1050

556.07
590.53
$65.69
567.68
$56.36
$63.23
$88.87
$195.58
$104.49

254
415
295
305
257
297
431
916
437

DISTILLERY



SEKWH/hr

Unit #

207
200
310
302
303
303
305
3006
307
400
401
402
403
404
405
400
407

s.f.

973
1438
733
1025
732
1053
296
1075
575
1437
733
530
733
1033
298
1076
978

S0.28
50.21
S0.10
$0.35
$0.19
$0.23
S0.14
S0.21
$0.23
S0.31
S0.31
$0.33
S0.15
S0.35
S0.02
50.23
50.21

1.21
0.98
0.50
1.68
0.92
1.11
0.67
1.01
1.08
1.45
1.47
1.58
0.73
1.65
0.05
1.08
1.00

Orientation and Set Points matter

HEATING&COOLING ALL ELECTRIC
Sls.f.fyr kwh/s.f./yr S/s.ffyr kwh/s.ffyr 5/yr(*.9)

50.75
50.72
$0.52
50.30
$0.72
50.74
50.78
50.78
50.93
50.83
$1.25
50.88
50.78
50.87
S0.66
50.72
50.84

DISTILLERY

3.26
3.43
2.45
3.81
3.41
3.23
3.73
3.72
4.45
3.95
2.96
4,19
3.72
4.15
3.14
3.45
3.98

Adjusted heat/cool

5241.11e
$274.875
S68.725
$327.21n
$126.965
$222.79n
575.705
5204.81e
$199.44e
5419.285
5204.275
$292.58n
$101.465
$330.70n
$9.935
$219.03e
5184.68e

0.167107 South
0.29654 North

0.23006 East



CONCORD HIGHLANDS



Hidden Lake passive house

Calculated energy
usage: 3,822 kWh/yr
(12% off PHPP)



Newry passive house

Energy Usage 2017:

6658kWh

1/8 cord hardwood (880kWh)
Total 7538 kWh (16% off PHPP)



More S - Envelope
Less S - Mechanical Systems/ductwork
Always Saving- Low Operational Costs for life

COST



SheepskinBog Addition

Original proposal:

2x6 wall w/ 2x2 (7" wall)
Andersen 400 windows
No heat

$108,000 - $193/SF (INCL
SITEWORK)

Updated proposal:
12” double stud wall
Triple pane windows
electric heaters
Airtight details
$115,000 ($206 SF)
(6.5% increase)
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