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Passive House
Momentum Builds

MassCEC Passive House
Design Challenge

MassSave Passive House
Incentives

Higher Points in Low Income
Tax Credit ranking for Passive
projects
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Passive House Incentives

e 100% of the feasibility study cost up to
$5,000

* 75% of energy modeling cost up to $500
per unit (cap of $20,000)

ma SS SaVeﬁ e S$3,000 per unit for certification

Savings through energy efficiency

To apply and get more information, email details of
proposed building to multifhr@icf.com




Cambridge Finch Incremental Cost

1.4% increase in cost from base design

 Upgrades to ventilation/ERV

* Higher cost for Passive House consultant

* Increased insulation/thermal bridge breaks
e Upgrade to triple glazed windows

* Increased cost for PH Rater

Baseline building: very good envelope and all
heat pumps for heating and cooling; shading
features

A Boston or Cambridge base building might be
similar, but most stretch code community base
buildings would see a higher incremental cost

to move to Passive levels




Up Next!

Michelle Apigian
AlA, LEED AP, AICP, CPHC
Associate Principle, Practice + Sustainability Leader

mapigian@iconarch.com
627-939-0721



PASSIVE HOUSE: Building Inherent Value ICON

ARCHITECTURE

Fall 2018: Mass CEC Passive House Design Incentives
» 8 Passive House Affordable Projects (543 units)




 Owner/Developer: Homeowners Rehab

e 98 affordable family units
 Opening July 2020

FINCH CAMBRIDGE
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Flood Resilience
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Flood Resilience
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Passive House Performance

Heating demand: 3 kBtu/ft3yr [ = ] | | v National Median EUl for|
0 1 2 3 4 =T 5 7 s £l Multifamily Buildings*
Cooling demand: 1.28 kBtu/ftiyr == I | | | A (kBtu/fe2/yr)
0 1 2 3 4 5 i 7 : :
Heating load: 2.84 Btu/hr ft2 f—— I il | | & e —
! ] ] | — . 1 Site EUI: 59.6] 231
Cooling load: 2.46 Btu/hr ft2 # | | | | [SourceEur 118.1] 56.2
0 1 2 3 4 5 6
' ! EUI: (kBtu/ft2/yr
Source energy: 5,885 kWh/Person yr (I — | | & WkBtu/f2/y)
0 2000 4000 000 £000 10000
Site energy: 23~05 kBtU/ ftzyf } * Comparison EUI results came from the National Median EUI (Energy Use Intentsity) through the Energy
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What Does Successful Execution Require?

Builder as Partner:
Attention to the CRAFT of building

COMMUNICATION
HUMILITY
APPRECIATION
MENTORSHIP



CAUTION

THIS BUILDING HAS A
CONTINUOUS AIR BARRIER

Communication/Collaboration CUIDADO

ESTE EDIFICIO TIENE UNA
BARRERA HERMETICA

. : PRECAUCION
Prominently post ESTE EDIFICIO TEM

Airtight Building BARREIRA DE AR CONTINUA
signs for duration of
project

* Assign one person
responsibility for
maintaining the air
barrier

. D|-scuss the air t.)amer NO HOLES!
with all subs prior to
commencement of iNO HACER HUECOS!

their work

NAO FACA FUROS!




Graphic Communication
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Graphic Communication

COMPARTMENTALIZATION LEGEND

NOTE: DRAMINGS A-119 THRU A-133 & A-J63 SHOULD BE PRINTED IN COLDR

COMPASTMEN TALIZED SPACE SEE SPEC SECTION 313
OF af2110
CONTINUCUS AR BARRIER

CONTINUDUS THERNAL X AR GARNIER

UNCCAOMONED SPACE QUTSIDE PASSIVE HOUSE
ENCLOGURE

CONDITIONID SPACH QUTSIDE FASSIVE NOUSE
ENCLOSUSE

SULATION

]
WO 20 HALLANCN
MRSATIM

ONTMIOUS
WTTRION INELLATON FODALLASE VIO
A RAC WL

Jani

COMPARTMENTALIZATION NOTES

1. PROVIDE SEALANT BETWEEN OB AND TOREILL FLATES AS WELL AS
BETAEEN STUD FRAMNG AND GAVB AT OPENINGS IDOORS,
WNDOWIS, HVAC UNMTS BTC ) SEAL PERETOR OF

ELECTRCAUTELE-DATA SOXES [OUTLETS, UGHTE, SMTCHES, ETC)

WNWALLS AND CELINGS ELECTRICAL BOXES ARE TO EE AR
SEALED BOMES AND SEALING OF BOX PENETRATIONS SHALL
DE AS SECHIED

2.AT DEMISING WALLS cUNIT-TO LNT. UNIT TO-CORRIDOR. AND LNIT. TO.
COMMON AREA], PROVIDE INTERIOR AR RARRIER [ARSHALING)
PROVIGE SEALANT AS SPECIFED BETWEEN SILL PLATETOR PLATE
AND W, TYPICAL

1 SER 2A-TO0 FOR DETAIL OF DEMSING WALL AT EXTRRIOR WALL

4 SEEDETAIL 2 & 5 ON A30% FOR DETAL AT FLOORL

AIRTIGHTNESS DETAILS LEGEND

KOTE: DRAWINGS 2. 115 THRU A- 133 & 4.30) SHOULD RE PRINTED N COLOR

PEELSTICK APPLIED CONT. AR BARRER
- SICA MAJVEST S00 SA [VAFUR OFEN]  USE SKGA WIGLUY TARE AT VERTICAL SEANE
[A5-1]

BIGA FENTRIM TAPE (VAFOR OFEN)|
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INTTAOR ACPLICATIONS
ODER THAM W HOOWE
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ML FIMESTOP SYSTANS

TAPED SHEATHING A5 48

SHEATHING - PLYWOOO AT JA CORSTRUGTION,
DENSGLASS AT 1A CONSTRUCTION

[ET] mmmsir pooes
[Ex]warienr mre raten oocrs

PILCE N SHEATHINGGAWE FOrR
PROPER CONTINUITY & SEQLENCING

NISERS NOTATED INDNCATE
CONSTRUCTION SEQUENCE

COMPARTMENTALIZATION DETAIL NOTES

1 TAPE AL NTERSECTIONS EETWEEN AR BARRIER AND ANOTHER
NATERLAL

2 PENETRATIONS AT AIR SARRIERS SHOULD BE FULLY FIRE STOPPED AND
METIEHT
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e et
KX 430 Setatatete? XX
'Q'.Q — SPRAY FOAM
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HOW DO YOU GET THERE?

CLADDING ATTACHMENT: EXPOSED STEEL COLUMNS SUN SHADE ATTACHMENT TO
CASCADIA CLIPS AT DRIVE LANE WINDOW HEADERS
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HOW DO YOU GET THERE?

THERM — a tool for cost-benefit analysis

COLUMN INTERFACE AT SLAB CONTINUOUS GARAGE SLAB




Field Communication

The right amount of information at the right time
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1a. SPRAY FIREPROOFING
1b. INTUMESCENT PAINT

2. SHEATHING INFILL
GWSB INFILL/ BOX OUT

3. BLUESKIN SA
4. AIRBLOCK 17

5. SPRAY FOAM
INSULATION



Craft — Envelope Airtightness Continuity

Caio’s Team
rocking the
Air Barrier




* Owner/Developer: North Shore CDC

Harbor Village * 30 affordable family units
e Started Construction, Jan 2020
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3 Week Look Ahead Schedule e RUEETHY
dab Mumber 18-005001 Start Dates ATINI0T
Project Wame: 20 Main Sireet Glowcester Ena Date! AT
m Project Executive: Dave Groom
- Superintondent Keith Marcscalcha Froject Mankger Mdatn Robhins
constructron
__J h Enr.muﬁ; ar X il sihada cul stamaticaly |

Scheduled Benind Sshedule | 6 | v shade con ek |

FErubstontractors must natily Grocen Canslruction Project Manager or Saperntendent within 38 Bours of recsiving this Thies Week Loak Aliead Schedule il sal able 16 meet 1his & chaduile

. Waek #3

Subcontractor Remarks/Notes
BIALD ELEGTRIGAL INCLGBE FOR TEMF POWER
FORM WALLS HH LINE EQORM LUP MONOAY 15 4 RAIN OUT
FORM FOR PAD AT STAIR # 2 FORM LIF
RECEINVE REBAR GROOM I I
INSTALL DRAINAGE LINSKEY
FINISH DIGGEING FOR FOOTING AT A LINE LIMSHEY
FORM FOOTING AT & LINE FORM UP
POUR THE REST OF THE FOOTING ON A LINE FORM LUP
FOUR FAD FOR STAIR # 2 FORM LUP
REMOVE FORMS AT FOOTINGS AND PAD FORM UP
BACK FILL 1/2 OF THE WaALL ON 7 LINE LINSKEY
FORKM WALL ON A LINE FORM UP
FOUR WALL OMN A LINE FORM UF
START CMU STAIR # 2 WAZ
FINIEH DIGGEING HH LINE FOR FOOTINGS , FORM AMD LINSKEY AMD
POUR FOOTING HH LIME FORMUP
POUR THE REST OF FOOTING ON HH LIMNE FORM UP
HOPE FOR TEMP POWER GROOM




STAIR 2 SEQUENCE

1. FOUNDATION:
WATERPROOFING

INSTALL LIQUID APPLIED
WATERPROOFING AT OUTSIDE
FACE OF ALL FOUNDATION
WALLS AND FOOTINGS PART OF
STAIR 2 STRUCTURE. IF
STRUCTURE 1S CONTINUOUS
PAST STAIR 2, CONTINUE
WATERPOOFING FOR 24"

[ coMmERCIAL SPACE |




STAIR 2 SEQUENCE

1. FOUNDATION:
WATERPROOFING

2. STEEL POSTS

3. CMU WALLS \
4. INTUMESCENT \

PAINT ON STEEL

AS AIR BARRIER \

| COMMERCIAL SPACE




STAIR 2 SEQUENCE

1. FOUNDATION:
WATERPROOFING

2. STEEL POSTS K
3, CMU WALLS

4. INTUMESCENT x
PAINT ON STEEL

AS AIR BARRIER \
5. SUB GRADE

INSULATION MIN _ MECH

48" BELOW GRADE

COMMERCIAL SPACE




STAIR 2 SEQUENCE

1, FOUNDATION:
WATERPROOFING

2. STEEL POSTS x
3. CMU WALLS

4. INTUMESCENT \
PAINT ON STEEL

AS AIR BARRIER \

5. SUB GRADE
INSULATION MIN
48" BELOW
GRADE

6. SUB SLAB
INSULATION,
VAPOR BARRIER,
LAPS UP, SLAB
POURED
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1. FOUNDATION:
WATERPROOFING

2. STEEL POSTS

3. CMU WALLS K
4, INTUMESCENT \
PAINT ON STEEL \

AS AIR BARRIER

5. SUB GRADE
INSULATION MIN
48" BELOW
GRADE

6. SUB SLAB
INSULATION,
VAPOR BARRIER,
LAPS UP, SLAB
POURED

B DO WE NEED?

P S5 CMU WALL & AB
ROOM
@ INSULATION & FINISH
= 5| concsiae
7 =
o L - E AB BELOWY SLAB -
AgA— b | ft WRAP UP CMU WALL INSULATION & FINISH @—
« "y HORIZONTAL PIECE OF —_—— —
a3 Bl RIGID INSULATION
el
57 Aorls l CMUWALL 848 [314
SRRty (it St CONC SLAB E'—y 2
i FOUNDATION WALL &
AB5} B0 : [1] ba¥eprooANG FOUNDATION WALL
. B=t INSULATION & BELOW AND LEAVE LONG
LT | FOUNDATION WALL &
e DAMPPROOFING,
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* 2R Moniansd | 2sanld | o

¥
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F FRIT DARTITNLIN Vi Uivily, wAar

VAPOR BARRIER,

INTUMESCENT PAINT ON

STEEL & FOUNDATION
WATERPROOFING & SPRAY

FOAM UNDERSIDE OF DECK

8. INSULATION ABOVE

PARKING

GRADE, & SPRAY FOAM
UNDERSIDE OF DECK
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206 Main Street,
Gloucester, MA

North Shore CDC

AbCirait
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ARCHITECTURE

101 SUMMER ST BOSTON MA 02110
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COMPARTMENTALIZATION LEGEND

NOTE: THIS DNAWING SHOULD BE PRINTED IN COLOM

DETAILS LEGEND

(A8 MERLBTICK APPLIED CONT. AStBARIVER

A1 10 ML POLY AR BARILER

s FULLY GROUTED CMU OR CONG. AS AR

MLA RARFER

Ab4] CLOSED CELL MOH LIFT BPRAY FOAM
WITH FLAME BLOCK, MIN .30

[AB5]  CRYSTALLINE WATERPROOFING OF
DAMPPROOFING

[€] uemvce crase

o) SHEATHING « PLYWOCGO AT IA CONSTRUCTION
T DENSTLASS AT 1A CONSTRUCTION

S

COMPARTMENTALIZED SPACE SEE GPEC BECTIONY V)
OF o110

APPLIED AN BARRER PRODUCY

VAPOR DARRER: DAMPPROOFING OR WATERPROOFING
CONTINUOUE THERMAL A AR BARRIER

UNCONDITIONED BPACE OUTHOE PASSIVE HOUSE
ENCLOMNE

CONINTIONED SPACE OUTTIDE PASSIVE HOUSE
ENCLOSURE

[EC 2010 |CONFORMED S€T

[NOV 2010 [COORDINATION 881

10CT 2010 [PRMIT SET

102212010 |ONE STOR SUBMIBSION
MARK | DATE | DESCRIPTION

PROJECT NUMBER: 210004
DRAWN B
CHECKED BY/ WA

L ALY

TYPICAL FLOOR
COMPARTMENTALIZATION




LOBBY SEQUENCE

9. AIR BARRIER ON CMU

1. FOUNDATION:
WATERPROOFING

10. METAL STUDS AND NON
STRUCTURAL CMU WALLS
WITH AIR BARRIERS

2. STEEL POSTS

3. STRUCTURAL
CMU WALLS

4, INTUMESCENT
PAINT &
STRUCTURAL
THERMAL BREAKS

5. STRUCTURAL
THERMAL BREAKS

6. VERTICALI
SUB GRADE

7. SUB SLAB
INSULATION

8. VAPOR BARRIER, LAPS

UP, SLAB POURED 11, INSULATION ABOVE

— GRADE, & SPRAY FOAM
UNDERSIDE OF DECK

DETAILS AT DOORS
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LAUNDRY ROOM SEQUENCE

1. STRUCTURE IN
PLACE.

4, RIGID INSULATION
AT WALLS

INULSATION BELOW
LAUNDRY ROOM

2. NON
STRUCTURAL WALL
IN PLACE

3. AIR BARRIER
APPLIED TO INSIDE
FACE OF ALL 6
SIDES OF ROOM

SELF AHDERED
AlA BARRIER AT
WALLS

SO0 TR TR e, -~ = IBLATION
BURAT et

1 LOM) A oA

ExTEmOs
BEATHNG STTEM

TLATEN [ WS

MRALEN AR AT
DRAs Sl

CONTINUDUS ERTERGR
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Groom

Job Huumben
Project Mame:

Superintendent:

3 Week Look Ahead Schedule
18-005001

21 Mwin Street Cloicesier

Ecith Muresealchi

Date:

Biary Dt

End Date:

Project Exscutlve:
Praject Mandger:

4 UKZ0EN

Sire TR ]

a0

I have |

HHE

Muti Robbins

-

1 Enluring %, 8 or X will shads coll sofamanicaily |
151 Schadubsd - Besind Schedube | % | il shade call blace |
TErsubcomratan mus notily Groom Cosdtruction Praject Maseger of Superintendint within 24 hours of reteidng this Thoes Week Look Alhead Schedule o notl able 1o maet this schadule.

Remarks/Notes

Subcontractor

dig the rest of HH line for footing inskey s
dig for footing along Elm street inakey s |=
finish farms and pour wall on & line farm up s
lie rebar at stair # 2 farm up B
nstall forms at walls at stair # 2 farm ug w]s|5
remove forms on wall at A line farm up ]
mack Wl wall at & line inskey s (s
Brimg water lines into 1o site from main inakey L]
|pour walls at stairs # 2 farm up &
rermowe Torms at stair # 2 farm wip: 5=
form walls on HH line farm up wls]as
start ChL at stair# 2 vaz e sle]s|=
Joouwr walls at HH line: farm up 5
remove forms on wall on HH line farm up ® L
form footings and pad at elm st and stair # 1 farm up sls]s|s |s
wealer prool and back Till HH wall inskey sl=]=|s
waterproof and passvive house work at stalr# 2 waterpraaling GO, uls
Take video of work at stair# 2 groom =
back Ml al stair # 2 inskey e
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Craft: Pipe/Penetration Airtightness

First Try — Not Approved Second Try —Approved

-

lan Russell - Plumber



Testing/Verification

TR e e SRR




Craft — Envelope Airtightness Continuity

Not Approved Approved




Craft — Envelope Thermal Continuity




Craft: Pipe/Penetration Insulation




Craft — Interior Compartmentalization

Approved



CommiSSioningllvlonitoring You are not alone — we are a team

Architect: ICON Architecture
MEP/FP: Petersen Engineering
GC: NEI General Contracting — (CPHC added to team)

Energy Modeler & CPHC:  Linnean Solutions

PH Verifier: JSR Adaptive Energy Solutions
Sustainability Consultant: New Ecology

Envelope Consultant: Building Enclosure Associates

Commissioning Agent: Sustainable Engineering Solutions



Up Next!

James Petersen
PE

james@petersenengineering.com
603-436-4233 x111



Three Ventilation Approaches

* Local
* Floor-by-floor

e Central — Finch



Local Ventilation - Schematic

Y

EACH APARTMENT
L
&=




Local Ventilation —Sample Equipment

23inx31inx34in
60 CFM




Floor-by-Floor Ventilation — Schematic

= % ERV

EACH APARTMENT
MECH. ROOM
(EACH FLOOR)




Floor-by-Floor Ventilation —Sample Equipment

55inx67inx16in
700 CFM




Central Rooftop Ventilation - Schematic

CENTRAL
— =
ERV
N -
|




Central Rooftop Ventilation —Sample
Equipment

Central ERV
1000s CFM

Constant Airflow Regulator



What is an Air-to-Air Heat Exchanger?

Fresh air
intake
fron:n Stale air
outside T
from
Stale air Indoors
exhaust to
outside
Fresh air

to indoors




Representative System Comparison — WUFI

[kBTU/SF/yr] ! . . .

0 1 2 3 4
Cooling Demand |
[kBTU/SF/yr] ! 1 il .
0 1 2 3 4
[BTU/hr/SF] : ; | . B Semi-decentralized
0 ! 2 3 4 | mE Decentralized
el "N
[BTU/hr/SF] : , | , ,
0 1 2 3 4
Source Energy I
[kWh/person/yr] 1 1 1 1 1 I
0 1000 2000 3000 4000 5000 6000

Assumptions: 80% sensible efficiency, 0.6 W/CFM (central and semi-decentralized) 0.5W/CFM (decentralized), includes duct heat transfer



Local Ventilation - Considerations

i% * All equipment and ductwork within dwelling

__unit compartment — COVID-19 appeal
* Minimizes duct work
* Easy to balance
* No Fire/Smoke Dampers
* Tenant responsible for energy use
e Quarterly filter changes
* Sidewall exterior wall penetrations
* Floor space within dwelling unit
* More pieces of equipment
* Insufficient dehumidification
* Electric resistance pre-heat

—
-

| EACH APARTMENT
L
=




Floor-by-Floor Ventilation — Schematic

* No floor-to-floor shafts
* Bolt on cooling coil - dehumidification
* Accessible without entering dwelling units
* Relatively Simple Ductwork

* Floor-by-floor mechanical rooms
e Early design space coordination required
 More equipment than central approach

* Less manufacturer choices available
» Slight risk of virus spread by cross

contamination — COVID-19 EACH APARTMENT

* % ERV

MECH. ROOM
(EACH FLOOR)




Central Rooftop Ventilation - Schematic

CENTRAL

T3

 Commercial grade equipment — lots of |||§ ERV
manufacturers, mature market

* Customizable (efficiency, filtering, economizing,
tempering, dehumidification)
True dedicated outdoor air system (DOAS)
Fewer Pieces of equipment
Selection software
Complex duct system

e Duct sealing critical

 CAR dampers required for balancing

* Critically reliant on good duct design
 Equipment outside of envelope
Corridor ceiling space EACH APARTMENT
Fire/Smoke Dampers
i% e Slight risk of virus spread by cross contamination

— COVID-19




Considerations- Summary

All equipment and ductwork within
dwelling unit compartment — COVID-19

Minimizes ductwork
Easy to balance

No Fire/Smoke Dampers

Tenant responsible for energy use

Quarterly filter changes

Sidewall ext. wall penetrations

Floor space within dwelling unit

More pieces of equipment

Insufficient dehumidification

Electric resistance pre-heat

No floor-to-floor shafts

Bolt on cooling coil - dehumidification
Accessible without entering units

Relatively simple ductwork

Floor-by-floor mechanical rooms
Early design space coordination

More equipment than central

Less manufacturer choices available

Slight risk of virus spread by cross-
contamination — COVID-19

Commercial grade equipment — lots of
manufacturers, mature market

Customizable and additional features
Selection software

True DOAS system

Fewer pieces of equipment

Complex duct system

Duct sealing critical

CAR Dampers required for balancing

Critically reliant on good duct design

Fire/Smoke Dampers

Corridor ceiling space
Equipment outside envelope

Slight risk of virus spread by cross-
contamination — COVID-19



Up Next!

Tom Chase
CPHC, LEED AP BD+C, Homes
Senior Project Manager

chase@newecology.org
617-557-1700 x7061



mailto:chase@newecology.org

Commissioning/Testing & Verification

Architect: ICON Architecture
MEP/FP: Petersen Engineering
GC: NEI General Contracting — (CPHC added to team)

Energy Modeler & CPHC:  Linnean Solutions

PH Verifier: JSR Adaptive Energy Solutions
Sustainability Consultant: New Ecology

Envelope Consultant: Building Enclosure Associates

Commissioning Agent: Sustainable Engineering Solutions



Compartmentalization

= [
o) llllk Ix

9.'




Compartmentalization Testing

Unit 306
Height (F) 10
Perimeter
(LF) 125
Area (SF) 857
Enclosure
(SF) 2,964
Volume (CF) 8,570
Threshold:
0.3
CFM50/SF of Hed
Enclosure
Test result
(CFM) 534
Result
CFMS50/SF of
Enclosure

0.22
ACHSO0 4.47




Compartmentalization Testing




Thermal Imaging - Compartment




Duct Testing

Allowable
Duct

Unit |7 (CFM25) |~




Thermal Imaging — Thermal Bridges




Thermal Imaging — Exterior




Thermal Imaging — Pre/Post C.I.




Solar PV

System Size: 105,070W DC
Estimated Annual Production: 116,628 kWh

Gross Price: $294,196
Price per Watt: $2.92
Federal Tax Credit: SO
Federal Depreciation: SO

Annual Electricity Value: $13,226
Annual SMART Incentive Value: $24,737

Simple Payback: 7.75 years



Monitoring and Optimization

Systems Monitored through NEI "Box” and Dashboard

. VRF, exterior units and in unit setpoints and temperatures — via API
. Central Water Meter (hourly)

. DHW Usage and Boiler and Pumps -

. Electronic Tempering Valve and DHW Recirculation Temp

Service Provided

. All sensors, cellular modem, and uninterruptible power supply
. Custom Dashboard

. Fault Detection

. Custom E-mail Alerts

. Historical Trend Logs

. Optimization Recommendations



i

Monitoring and Optimization

T

DOMESTIC HOT WATER FLOW SCHEMATIC

@



