Passive House

and the

Shifting Energy Landscape

Westford Symposium
August 7, 2024

Andrew Steingiser | RA, CPHC il ke .E_. o b |~ | YR [
il 1§ . ™ I ¥ A U Bz
D -

z l@‘.ﬂ"ll’ié !,;.
RDI1 BUILDING e
SCIENCE

Making Buildings Better ™

¢




Hello From Boston




Agenda

Massachusetts Stretch Energy Code Context
Passive House in Existing Buildings

Passive House in Non-Residential New Construction
Passive House in Multi-family residential

Conclusions

RDH



1 Energy Code Context



Decarbonization in Massachusetts

March 26, 2021 Governor Baker signed into law:
50% carbon emissions reduction by 2030
75% carbon emissions reduction by 2040

Net Zero carbon emissions by 2050

New Stretch Code and Specialized Opt-In code make
meaningful impacts to design practice

RDH

MASSACHUSETTS 2050
DECARBONIZATION ROADMAP

A report commissioned by the Massachusetts Executive Office of
Energy and Environmental Affairs to identify cost-effective and
equitable strategiesto ensure Massachusetts achieves net-zero
greenhouse gas emissions by 2050.

December 2020



Operational Carbon

Price Map
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Today’s
Snapshot

AS OF 07/18/2024 07-39 AM

System Demand

22k

REMNEWABLES

38% @ soLar 00
L REFUSE

18% ¢ woobp 16800 FORECASTED (Mw) 16841 @ actuaL paw)
1% WIND

2% @ LANDALL GAS

16 20

System Status | @ NorRmAL

21,500 633 23,281

AVAILABLE FORECASTED PEAK SURPLUS YESTERDAY'S PEAK
CAPACITY (MW) DEMAND [MW) CAPACITY (MW) DEMAND [MW)




Massachusetts Energy Code

Stretch Code
(2023 update)

* New construction
in towns & cities
that are a green or
stretch community

e 299 communities

Residential : Jan 2023
Commercial: July 2023

RDI* Source: Massachusetts DOER



Massachusetts Stretch Code
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|| stretch Energy Code - 225 CMR 22.00 and 225 CMR 23.00 (257 ch)
Specialized Energy Code - 225 CMR 22.00 (appx. RC) and 225 CMR 23.00 (appx. CC) (* 44 cft)

* Acton, Amherst, Aquinnah, Arlington, Ashfield, Ashland, Bedford, Belmont, Boston, Braokline, Cambridge, Carlisle, Chelmsford,
Concord, Dedham, Eastham, Hopkinton, Lexington, Lincoln, Maynard, Medford, Melrose, Milton, Natick, Meedham, Newburyparl, i
Newton, Morthampion, Morwood, Salem, Sharon, Sherborn, Somerville, Stow, Swampscott, Truro, Wakefield, Watertown, Wayland ) 1"‘#

*. CI{J"I

Wellesley, Wellfieet AGUINA
- Effective 7-1-24: Amherst, Badiord, Carlisle, Chelmsford, Medford, Melmse, Neadham,Norwood, Salem, Swampscott Wakefield Weston, Worcester i
- Effective 1-1-25: Ashfield, Ashland, Belmont, Dedham, Eastham, Hopkinton, Milton, Sharon, Wayland, West Tisbury

-- Effective 7-1-25; Natick, Newburyport

Massachusetts Building Energy Code Adoption by Municipality 5-
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Source: Massachusetts DOER



Absolute Performance Metrics

—Passive House
Connect to low
eTE Dl carbon energy

Improve efficiency of

—->ASHRAE 90.1 with Performance mechanical systems
Energy Index Targets

Reduce energy loads
—HERS through passive design

I 2DI+ Source : Toronto Zero Emissions Buildings Framewor k (2017)




Relative Performance - ASHRAE 90.1

RDH

Energy Intensity (kWh/m2)

Re N € Buildings
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-> Some correlation between relative savings and energy use intensity of the building

- BUT what about all the outliers?



Whole Building Performance

Frischluft Abluft
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Front-loaded Design Process

Most cost-effective approach to Time Frame Required | “Traditional” !
delivering buildings = Under New Code | Performance!

|
|
make the right decisions early ' Review Time :
|
|

Energy Model + Set performance

g
/ .
>
targets early B @ |
3 I 5
o ° - 1 EI
: . : = S 3
Design accordingly with whole team > N & : §:
2 & O
. . ) (9] | v
Update modeling and check design 2 = =
E 1 g
through subsequent phases > ! , 5!
E - | | %I
| , | — ———&— —
Concept Schematic Design Construction Permit Construction
Design Design Development Documents Administration
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Stretch + Specialized Opt-In Code

NEW CONSTRUCTION
Multi-Family or Commercial?

)

SPECIALIZED OPT-IN MULTI-FAMILY MULTI-FAMILY

COMMERCIAL

. 4 " W

RDH

( > 12,000 sf? J

YES NO
F
Is the building taller Certified
than 5 stories? Performance:
HERS or
Passive House
.
YES NO
g l B £ J'

Certified Performance:
Passive House

(required starting January 1,
2024)

Targeted Performance and
HERS are options until January
1, 2024 when PH will be the
requirement

L% J

Certified Performance:
Passive House
(required starting January 1,
2023)

b

Mixed Use Buildings can follow a path for each
use or a whole-building Passive House path

Is the building 3 stories or less?

YES NO
Certified _ Is the gross
Performance: conditioned floor
HERS or

Passive House

YES

area > 12,000 sf?

[

d

Certified Performance:

HERS or

Passive House

or

Targeted Performance:
TEDI

ASHRAE 90.1 10% “Better
Than” is an option until july 1,
2024 when HERS, PH or TEDI

_will be a requirement

!

Certified Performance:

HERS

or
Passive House

[ <20,000 sf? ]

YES

NO

!

Prescriptive Compliance

Is it a dormitory, fire
station, library, office,
school, police station,
post office, or town

YES

NO

l

I}

~
Targeted Performance:
TEDI

+ Prescriptive
Requirements

. J

~
Relative Performance:
ASHRAE 90.1

Appendix G complying with
varying Performance Energy
Index values by program type

+ Prescriptive
Requirements

Mixed Use Buildings can follow a path for each use or a whole-building Passive House path, or
TEDI + Prescriptive Requirements Path

PASSIVE HOUSE IS A CODE COMPLIANCE PATH OPTION FOR ANY BUILDING
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EXISTING BUILDING?

)

[

Existing Bwldmgs Stretch Code

ALTERATION?(C503) CHANGE OF occUPaNCY/USE(C505) ADDITIONS (C502)
Comply with C402, C403, C404, C405 as C505.1 Increase in Demand for Fossil <100% the size of the existing building
pertains to the altered portions of the building Fuel or Electrical Energy? AND <20,000sq fi? (C502.1)
YES NO YES NO
(anf Replaoement) (Sk}“llgl"lt ) Fenestration and l \Ir p l
Above Grade Walls Comply with C401.3, Provide documentation Prescriptive Path (C402.4) Subject Stretch
C402 through C406 proving no increase: ode (CA01.2)
- d CADB o . Do you have spandrels as part
Prescriptive Code >3% of Increasing Window to an P e AL of the glazed wall system?
C402.5 roof area? Wall ratio over 30%? ] » proposed energy \_
: - maodel OR prototype YES l NO
Increasing Window to model from PNNL. J
Wall ratio over 30%7? '
Component (-ﬂﬂ% Window .ﬁren?)
Prescriptive Code Prescriptive Code Performance Alernative
capz2.4 C402.4 AND C402.4.1.2 {C402.1.5)
\
YES MO YES NO YES NO
g N g ™y o 4 '
Component Follow Prescriptive Component Follow Prescriptive Prescriptive Path C402.1.5 Component Performance
Performance Code C402.4.1 through Performance Code C402.4.1 through (C402.4) Alernative - High Glazed Wall
Alternative (C402.1.5): CA02.4.5 and Table Alternative (C402.1.5) C402.4.5 and Table
i C402.4. Exempted from - C402.4. Exempted from Vision Glass: U=0.25
Proposed UA | Pro d UA limit
o e o 1-'.'5'..;'& 30% Window to Wall ratio increased to 110%: 30% Window to Wall ratio Aron Weistied e
Vision glazing requirements of C402.4.1 Vision glazing requirements of C402.4.1 rea Weigh FLEls
reguirement of U-0.25 if existing building requirement of U-0.25 if existing huilding <=[0,1285 for <50% window/wall ratio
increased by 100 exceeds this ratio. increased by 10% exceeds this ratio. <=0.1600 for >50% windowfwall
L v L iy e
! J Or ! 1 or
™ Roof and Below Grade Aszemblies
Follow Backsto,
Follow Backstop ow Bac p Determined riptively
Vision Glazing Max: U - 0.275 AND < 50% WWR: Max Vision Glazing Max: U - 0275 AND < 50% WWR: Max \ y,
Weighted U - 01474 Weighted U - 01414
OR >50% WWH: Max Weighted U - 0.1760 y, OR >50% WWR: Max Weighted U - 0.1760




Stretch Code + Specialized Opt-In Code

PATHWAY

[ Prescriptive ]

“Targeted”
L performance

~

“Relative”
L performance

-

-

Passive House

-

-

HERS

RDH

ADDITIONAL MANDATORY STRETCH CODE PROVISIONS

——

Envelope Derating (C407.2)

Airtightness ( C402.5)

EV Readiness (CC101.5)

PV Readiness (CB103)

Additional Efficiency (C406.1)

Partial Electrification for High Ventilation (C401.4.1)
Envelope Backstop (C402.1.5) with Derating (C407.2)

(Except for Prescriptive)

EV Readiness (CC101.5)
PV Readiness (CB103)

—_—

SPECIALIZED OPT-IN

Pick One (CC101.3):
Net Zero (CC 103)

All-Electric (CC 104)
Mixed Fuel (CC 105)

+PH for MF Residential
over 12,000 sf (CC101)



Design+Phius Certification Process

. . ifi « PH Verifier « Final Testing
Optional  Energy Model ! < Energy Model « Energy Model I Permit IF\’Al-ildVenfler Mid (Required)
Conceptua| * Phius * Phius ¢ Phius Submission #3 I Construction Construction ¢ PH Consultant Record
Energy Model Submission #1 Submission #2 if required by Phius [ Inspection - Inspection - Energy Model Update
(for (6-8 Week Review) (4-6 Week Review) (2-3 Week Review) p ) Pre-D 1 « PH Verifier
. « PH Verifier | foundations + re-Drywa _
Entitlements) Onboarding + : slabs SDot():ur_nerltatlon
ubmission
Design Review I
|
PASmninlS I
vy h ‘ ! ('," \}:)' 1
D . u ‘ . E 7} ”l . . ' . . . »I_.
J RN 1<
2
IS
12
¥
1S
I =
|2
Concept Schematic Design Construction I 0 Construction
Design Design Development Documents (@) Administration

A

v

v
A

Design Construction
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2 PH in Existing Buildings



The project you are about to see 1s a PHI project.
The names have been changed to protect the i1nnocent.



Academic Admin. Building, Boston, MA




Existing Bwldmgs Stretch Code

EXISTING BUILDING? _)
|
ALTERATION?(C503) CHANGE OF occUPANCY/USE(CS05) | ADDITIONS (C502)
Comply with C402, C403, C404, C405 as C505.1 Increase in Demand for Fossil <100% the size of the existing building
pertains to the altered portions of the building Fuel or Electrical Energy? AND <20,000sq fi? (C502.1)
YES NO YES NO
(anf Replaoement) (Sk}“llgl"lt ) Fenestration and l \Ir p l
Above Grade Walls Comply with C401.3, Provide documentation Prescriptive Path (C402.4) Subject Stretch
I C402 through C406 proving no increase: ode (CA01.2)
o . Do you have spandrels as part
Prescriptive Code >3% of Increasing Window to and C408 P e AL of the glazed wall system?
C402.5 roof area? Wall ratio over 30%? ] » proposed energy \_
: - maodel OR prototype YES l NO
Increasing Window to model from PNNL. J
Wall ratio over 30%7? '
Component (-ﬂﬂ% Window .ﬁren?)
Prescriptive Code Prescriptive Code Performance Alernative
capz2.4 C402.4 AND C402.4.1.2 {C402.1.5)
\
YES MO YES NO YES NO
' ™ - r ™
Component Follow Prescriptive Component Follow Prescriptive Prescriptive Path C402.1.5 Component Performance
Performance Code C402.4.1 through Performance Code C402.4.1 through (C402.4) Alernative - High Glazed Wall
Alternative (C402.1.5): CA02.4.5 and Table Alternative (C402.1.5) C402.4.5 and Table
i C402.4. Exempted from - C402.4. Exempted from Vision Glass: U=0.25
Proposed UA | Pro d UA limit
o e o 1-'.'5'..;'& 30% Window to Wall ratio increased to 110%: 30% Window to Wall ratio Aron Weistied e
Vision glazing requirements of C402.4.1 Vision glazing requirements of C402.4.1 rea Weigh FLEls
reguirement of U-0.25 if existing building requirement of U-0.25 if existing huilding <=[0,1285 for <50% window/wall ratio
increased by 100 ; Ihh_ﬂ:-mf:tads this ratio. increased by 10% exceeds this ratio. <=0,1600 for >50% window/wall
l .L oR ratio
Roof and Below Grade Aszemblies
Follow Backsto,
Follow Backstop ow Bac p Determined riptively
Vision Glazing Max: U - 0.275 AND < 50% WWR: Max Vision Glazing Max: U - 0275 AND < 50% WWR: Max \ y,
Weighted U - 01474 Weighted U - 01414
OR >50% WWR: Max Weighted U - 0.1760 OR >50% WWR: Max Weighted U - 0.1760

RJI-I EnerPHit is an alternate existing building code compliance path



Proposed Vertical Enclosure Backstop

4" Mineral Wool with U-0.22 Windows

Overall Wall & Glazing
Thermal Performance

Opaque U-Value

(BTU/hr f#2 oF) 0.140

Effective R-Value

(hr ##2 oF /BTU) 7.2

Totals 751.2 100%

fransmitiance Include Transmittance Description A:GA}:::ET Units Transmifiance Units Source Reference | Hedt Flow | %Total Heat
Type Takeof Value (BTU/hFF) Flow
Clear Field AGW]1 Block wall with stucco 2519.83 r2 0.051 R-20 || Eume o 128.5 17%
Clear Field AGW?2 Block wall with brick 1850.32 r2 0.052 R-1g|  FTWmF et ® 96.2 13%
Clear Field Windows [all window types) 984.79 n2 0.220 R-4.5|| ETum e et ® 2147 2%
Clear Field Opaque Exterior Door 22.82 r2 0.400 R-2.5  FTU/mEE ol 9.1 1%
Li”qug‘jlﬁ“ce ;ﬁﬂjgﬂgf’%‘f sz LT 185.53 ft 0.086 BTU/ hr ff °F BETBEG 7.3 16.0 0%
Li”eaggﬁlﬁ“ce ;ﬁﬂ;lgmgfjf‘;ffk%'ﬁfed Bl 539.69 it 0.079 BTU/ hr 1 °F BETBEG 7.38 42.6 6%
Li”eaggglrmce iﬁp;lgx'gdgﬁf R LT 185.53 fit 0.088 BTU/ hr ft °F BETBEG 7.3.8 16.3 2%,
Li”eaggﬁmce Exterior Wall Comer 80.38 ft 0.000 BTU/ hr f1 °F | PHITB Catalogue V3 0.0 0%
Li”e%gﬁf“ce Foundation Wall to Siab 160.17 fit 0.376 BTU/ hr f1°F  |PHITB Catalogue va|  60.2 8%
Li”e‘]{)gﬁf“ce Typical intermediate floors 320.34 t 0.376 BTU/ hr ft °F BETEG 7.2.18 120.4 16%
Li”e%g‘glﬁace Wall to Roof Transition 273.49 i 0.162 BTU/ hr f1°F  |PHITECatalogue V3| 44.3 6%
"i”e%g‘]e”rmce Opaque door perimeter 20.08 fit 0.040 BTU/ hr ft °F oron 0.8 0%
PO‘”BgElfc’ce # 0.000 BTU/ hr °F 0.0 0%

— This starts to look like EnerPHit

RDH

Target: < U-0.141




Proposed Above Grade Wall Modifications

o
W |

|

|
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Existing wall - Interior Insulation

o Fluid-applied air-water barrier (vapour permeable)

T Semi-rigid stonewool insulation

P Attachment (impaling pin shown)

Tight contact: adhered or
" mechanically pressed

Smart vapor retarder
M & convection suppressing
T membrane (sealed & supported)

EXTERIOR
INTERIOR

Steel stud service
" distribution space

L Painted GWB interior finish

Continuous seal to
" solid floor

:II|IIII Il IIIIII 115

y.

RDH



NOTE: WOOD SUBSTRATE
SUBSTRATE RABBETTED ALL FOUR SIDES

y

’f = i . i‘_"

COOL-VENT INSULATION

Grace ice and water shield membrane

Hunter panel (vented)
POLYISO FOAM

INSULATION

Air barrier over roof sheathing

Closed Cell Spray Foam insulation
at transition from exterior to
interior insulation to reduce
thermal bridging

j‘: - Vented eave soffit

NS

g ===b
_;‘}._" < Wall assembly with Interior insulation
f

RDH



Proposed Roof Modifications - Split Insulation

RDH

T

/

7

)

)
/

High temperature membrane
Coverboard
Air gap with 34" vertical strapping

4" + min. Polyiso insulation

Vapor Barrier

Interior mineral wool batt
insulation in joist cavity

Closed Cell Spray Foam
insulation at transition from
exterior to interior insulation
to reduce thermal bridging

Vented eave soffit

NOTE: WOOD SUBSTRATE
SUBSTRA\T E RABBETTED ALL FOUR SIDES

y ;/

[i = i . i‘_"

COOL-VENT INSULATION

Py POLYISO FOAM
P e g INSULATION

SIM.

Wall assembly with Interior insulation



Windows

e
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am1 11

— (E) WINDOW WELL

\ ENTRANCE STEPS AND RAILING OUT OF SCOPE

\—EEIWINWN WELL

5-234

@ i Existing Window Profile
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EnerPHit Energy vs Component Method

EnerPHit component criteria

EnerPHit energy demand criteria

Mald

Cool-
temperate

Heating Cooling
Climate
zur?a Max. heating dM: e c.':,?,lmgt.+
according to Satiand ehumidification
PHPP demand
[kWh/(m?a)] [kWh/(m?a)]
Arctic 35

Passive House
requirement’

0 ue envelope’ against... Windows (including exterior doors i
- - - E = ) =1 Ventilation
| ...ground ...ambient air Overall Glazing Solar load
Insu- Exterior |Interior in-| Exterior Max. Min
Climate lation |insulation| sulation® | paint® Max. heat i b specific heai Min. hu-
i gyl coafﬁciegt sokar oy reco- miidinyre
according | Max. heat transfer coefficient Cool coefficient (g-value) during | g, | COVENY
to PHPP (U-value) colours | (Uow.instatied) e Ol rate®
period
WiHm?2K)] [WH(m2K)] - [kWh/m?a] %
.
Deter-
mined in
00 PHPP N o 0
p from
specific
heating 100
Warm and 0.50 0.75 - 1.25(1.30(1.40 - - -
cooling
degree
days
against 60
ground.




Minimum

4" Mineral Wool with U-0.

Requirements vs. PH

22 Windows

Component

Stretch Code Design

EnerPHit Component Method

with demand control ventilation.

Above Grade Walls R-20 (U-0.051) R-20
4" mineral wool at interior face of brick 4" Mineral wool at interior face of brick

R-19
Below Grade Walls + Slab 4" Mineral Wool at interior face of foundation wall Same as Stretch Code J

R-32 R-38
Roof Split Insulation approa\clgl'lt;achleve Prescriptive R- Same with an additional 1+ of insulation
Windows Simulated Double-Hung Tilt-Turn windows (U-0.275 TBD

max). EnerPHit requirement U-0.15 BTU/hr.ft2.F
Airtightness 0.35 cfm/ft275 (+/- 3.0 ACH50) +/- 0.1 cfm/ft275 (~1.0 ACH50)

0 .

Ventilation 75% efficient heat recovery PHI-certified HRV/ERV

Heating & Cooling

Existing District Energy Systems

Same as Stretch Code

Lighting

All lighting controls automatic.
All spaces with occupancy or vacancy sensors with
override switches and dimming.

Same as Stretch Code

N

Appliance + Plug Load

At least 50% of installed receptacles shall be
controlled via Automatic Receptacle control
requirements.

Same as Stretch Code

v

RDH

Stretch Code U-values are derated per Enclosure Backstop




EnerPHit Energy vs Component Method

Specific building characteristics with reference te the treated floor area
Alternative
. Treated floor area m?® 371.0 _ Criteria criteria Fullfilled?2
Space heating <25 req u I red Heating demand kWh/(m2a) 75 I < - -
Heating load W/m? 38 = . _
Space cooling Coaling & dehum. demand kK\Wh/(m?2a) T = - -
Frequency of overheating (= 25 °C) % - = - -
Frequency of excessively high humidity (= 12 g/kg) % 1 = 10 Yes
Airtightness Pressurisation test result ngg 1/h 1.0 < 1.0 Yes
Moisture protection
- |
Smallest temperature factor fagog o= paew - 0.70 2 0.87 074 No
)
Thermal comfort All requirements fulfilled? - No
)
U-galue WIH(mM2K) = 082
|
U~%lue WI(m?K) < 0.98
- h|
U~ alue WWIImM2K) = 1.07
|
U-yalue WIHm2K) = 0.45
Non-renewable Primary Energy (PE) PE demand kWh/(m?a) 219 = - =
PER demand kWhi/(m?a) 102 < : 151 : 151 :
Primary Energy Renewable (PER) P i i Yes
Renew. energy gelneratmn (.m rel. to KWhi(m?a) 0 N E i E i E
projected building footprintarea) -~ ° |~ |

RDH



Evolving Enclosure

(E) SLATE SHINGLES

REGLET FLASHING N BRICK. (E) SUBSTRATE

—— BACKER ROD + SEALANT 1" RIGID INSULATION (XPS)

NEW GROUND LEVEL
LANDSCAPE

SEE
QUT OF DILLON HOUSE SCOPE FIRST FLOOR METAL STUD

COMPRESSIBLE FILLER

ALT: CONSIDER INSTALLING

& MIN
COPPER OR STAINLESS STEEL
WATERPRODFING MEMBRANE GRATE TO PROVIDE FUTURE SPRAY POLYURETIANE -+

WITH TERMINATION BAR PROTECTION FROM LEAF FOAM INSULATION

TXIIIIILTT

CK DAM ANGLE—._ | SOLID WOOD WINDOW SILL ACCUMULATION
PLYWOOD SUBSTRATE IF GUTTER LOCALLY DAMAGED,
4 4 g ' COAT GUTTER OR REPLACE METAL HEADER
4 — ﬁiﬁfagg&ﬁ\ COPPER GUTTER LINER. IF
— ANGLE = DAMAGE IS MORE EXTENSIVE, GO
o — TO PROVIDE UNIT PRICE FOR
| / SOLID WOOD SKIRT REPLACEMENT OF GUTTER BY
| LENGTH. REPLACE WITH IN-KIND
092110 1 LAYER 5/8" GWB
DEMO . INFILL (E) WINDOW OPENING IMEABLE FLUID [~ Al GUTTER MATERIALS & PROFILES.
F. N WITH CMU ERAPPLIED TO _\ 2
125 NG EXTENDING \\_
! ZRIOR FACE OF -
: U THE JAMS ] MINERAL WOOL INSULATION
§ EXISTING GROUND LEVEL _/ (E)MOLDING 4" MIN
>ROVIDE WEEP / CONTINUOUS CLOSED CELL
g H & DRIP EDGE SPRAY POLYURETHANE
E . ZLOW WINDOW FOAM INSULATION
3 S
& . WALL BASE
= 4" SPRAY FOAM
] M 1 METAL FOOTER
3 | %i 4 092110 ACOUSTIC SEALANT

e GOPPER FLASHING?
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Proposed Enclosure Backstop Update

4" Closed Cell Spray Foam with U-0.275 Windows

Overall Wall & Glazing
Thermal Performance

Opaque U-Value
(BTU/hr 12 oF) 0.129
Effective R-Value
(hr #2 oF /BTU) 7.8

Totals 691.4 100%
Areaq, Length
Transmittance Description or Amount | Units Tm";m:"""ce Units Source Relerence H;';ﬂi :::" %Tc:z: )
Takeoff alve (BTU/hr°F}) w
AGW1 Block wall with stucco 2519.83 2 0.031 | el | 78 1%
AGW?2 Block wall with brick 1850.32 2 0.037 suericr | Porolelfan fvalve | 4g5 10%
] Companent
Windows [all window types) 984.79 2 0.275 BTUY br 1 °F Performance 270.8 39%
i i Altemotive C402 1.5
Opaque Exterior Door 22.82 2 0.370 BIU b 1 F s e 8.4 1%
Funch Wmdow & Glozed Door 185.53 it 0.083 BTU/ hr I °F BETBEG 7.3.8 15.4 2%
installation - Head
Punch Window & Glazed Door 539.69 ft 0.083 BTU/ hr ft °F BETBEG 738 448 6%
installation - Jambs
Punch Window & Glazed Door 185.53 ft 0.083 BTU/ hr ft °F BETBEG 738 15.4 2%
installation - Sill
Foundation Wall to Slab 16017 ft 0.3467 BTU/ hr ft °F BETRG 7.2.18 58.8 9%
Typical infermediate floors 320.34 ft 0.3567 BTU/ hr ft °F BETBG 7.2.18 117.6 17%
Wall to Roof Transition 273.49 ft 0.050 BTU/ hr ft °F BETBG 8.4.3 13.7 2%
# 0.000 BTU/ hr “F 0.0 0%

- The client chose this option as the project evolved, prior to committing to EnerPHit

RDH

Target: < U-0.141




Higher U-value windows vs More Wall Insulation

Weighted R-Values of Walls and Windows (Derated)

___________________________________________________________

e e g i (e i S e i S R e R S R O o o g g U0.1414

Weighted R-Value

0 1 2 3 i 4 S 6 7 8 9 10 11 12
|

Insulation Thickness (inches) ccSPF

___________________________________________________________

— Y\ cighted R-value with U-0.15 Window W eighted R-value with U-0.24 Window — ———\eighted R-value with U-0.275 Window
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Weighted R-Value

Weighted R-Values of Walls and Windows

10

0 0.5 i | 1.5 2 2.5

Insulation Thickness - ccSPF

U-0.1414

—— \\\leighted R-value with U-0.15 Window
m——— \\eighted R-value with U-0.24 Window
— \\leighted R-value with U-0.275 Window



Windows

RDH

Alpen Zenith ZR 6
Casement

MATERIAL: FIBERGLASS
COLOR: CUSTOM

PROFILE: TO MATCH EXISTING
U-WVALUE: 0.2

INFILTRATION: <0.1

Alpen Zenith ZR 6
Single Hung

MATERIAL: FIBERGLASS
COLOR: CUSTOM

PROFILE: TO MATCH EXISTING
U-VALUE: 0.2

INFILTRATION: <0.1

Jeld Wen Custom Wood
Double Hung

MATERIAL: WOOD (FSC) (SAPELE}
COLOR: PTD

PROFILE: TO MATCH EXISTING
U-VALUE: 0.27

INFILTRATION: <03

Marvin Ultimate Wood
Double Hung

MATERIAL: WOOD (NOT FSC) (MAHOGANY
COLOR: PTD

PROFILE: TO MATCH EXISTING

U-VALUE: <0.2

INFILTRATION: 0.03



Evolving Enclosure

RDH

-

200°C
15.0 C
100 °C
50°C
0.0°C
-50°C

20.0°C
. 17.0°C
14.0°C
11.0°C
8.0°C
50°C
20°C
-1.0°C
-40°C
70°C

-10.0°C

200°C
18.0°C
16.0 C
14.0°C
12.0°C
10.0°C
8.0°C
6.0°C
40°C
20°C
0.0°C
-20°C
-4.0°C
-6.0°C
-80°C
-10.0°C

-125°C



Updated Design for EnerPHit

Component

Modified Stretch Code + EnerPHit Compliant Design

Above Grade Walls

R-32 (U-0.031)
4" CCSPF at interior face of brick

Below Grade Walls + Slab

R-32 (U-0.031)
4" CCSPF at interior face of foundation

Roof R-38
Split Insulation approach to achieve Prescriptive R-value
Windows Simulated Double-Hung Tilt-Turn windows
(U-0.18 max for worst case window, pending historic exception from Certifier).
Airtightness +/- 0.1 cfm/ft275 (~1.0 ACH50)
Ventilation PHI-certified HRV/ERV

Heating & Cooling

Existing District Energy Systems

Lighting

All lighting controls automatic.
All spaces with occupancy or vacancy sensors with override switches and dimming.

Appliance + Plug Load

At least 50% of installed receptacles shall be controlled via Automatic Receptacle control
requirements.

N K KSKSIKISKAS

RDH

Stretch Code U-values are derated per Enclosure Backstop




Next Steps

Design Stage Review in progress with Certifier

Detailed mechanical design coordination with MEP Engineer

Brick testing ongoing

Ongoing enclosure design coordination including thermal bridge evaluation and modelling

Construction scheduled for Spring, 2025

RDH



Conclusions

Backstop requirements are similar to what EnerPHit component method requires.

If achieving PH Certification is a goal, it's not a heavy lift beyond minimum code requirements.
Potential for Phius Revive to make similar existing building considerations.

Use low U-value windows to achieve thermal comfort and minimize condensation risk, in addition to
reducing the required amount of wall insulation, potentially satisfying multiple project considerations.

Passive House also encourages this.

RDH



3 PH in Non-Residential
New Construction



Pierce Elementary School, Brookline, MA

1. New Construction School (C-407.1)
TEDI path with Enclosure Backstop (C402.1.5)
TEDI modeling may supersede requirements

of the Enclosure Backstop

2. Existing Building Alteration (C-503)

Prescriptive derating for opaque assemblies

11

[H
T

being altered is preferred over Backstop as
the planis to leave existing windows
(following backstop would mean replacing all

the windows)

3. Existing Building Addition (C-502)

Following Enclosure Backstop, using same

assemblies as the new construction school

RDH



Stretch + Specialized Opt-In Code

RDH

SPECIALIZED OPT-IN MULTI-FAMILY

(

NEW CONSTRUCTION
Multi-Family or Commercial?

)

MULTI-FAMILY

COMMERCIAL

. 4

( > 12,000 sf? J

YES NO
F
Is the building taller Certified
than 5 stories? Performance:
HERS or
Passive House
.
YES NO
g ’L B £ J'

Certified Performance:
Passive House

(required starting January 1,
2024)

Targeted Performance and
HERS are options until January
1, 2024 when PH will be the
requirement

L% J

Certified Performance:
Passive House
(required starting January 1,
2023)

b

Mixed Use Buildings can follow a path for each
use or a whole-building Passive House path

4

Is the building 3 stories or less?

YES NO
Certified _ Is the gross
Performance: conditioned floor
HERS or

Passive House

YES

area > 12,000 sf?

[

d

: Certified Performance:

HERS or

Passive House

or

Targeted Performance:
TEDI

ASHRAE 90.1 10% “Better
Than” is an option until july 1,
2024 when HERS, PH or TEDI

_will be a requirement

!

Certified Performance:

HERS

or
Passive House

[ <20,000 sf? ]

YES

NO

!

Prescriptive Compliance

Is it a dormitory, fire
station, library, office,
school, police station,
post office, or town

NO

Targeted Performance: '

TEDI

+ Prescriptive

Requirements

I}

-

\.

~
Relative Performance:
ASHRAE 90.1

Appendix G complying with
varying Performance Energy
Index values by program type

+ Prescriptive
Requirements

Mixed Use Buildings can follow a path for each use or a whole-building Passive House path, or
TEDI + Prescriptive Requirements Path

Passive House is a code compliance path for any building



TEDI requirements

Schools larger than 125,000 sf:
TEDI targets are more stringent than Passive House
Heating TEDI: 2.2 kbtu/sf/yr (7 kWh/m2a)
Cooling TEDI: 12 kbtu/sf/yr (38 kWh/m2a)

Different from TEDI in BC or Toronto

RDH

Table C407.1.1.5
Thermal Energy Demand Intensity (TEDI) Limits

Some elements modelled prescriptively (ie no

credit for demand control ventilation)

Use Type Heating TEDI Cooling TEDI
(kBtu/sf-yr) (kBtu/sf-yr)

Office, fire station, library, police station, 1.5 23
post office, town hall == 125,000-sf
Office, fire station, library, police station, | 4 — 0.00002* | 18+ 0.00004 *
post office, town hall between 75,000 Area (sf) Area (sf)
and 125,000-sf
Office, fire station, library, police station, 25 21
post office, town hall <= 75,000-sf
K-12 School == 125,000-sf 2.2 12
K-12 School between 75,000 and 2.7 —0.000004 | 32-0.00016*
125,000-sf * Area (sf) Area (sf)
K-12 School <= 75,000-sf 24 20
Residential multifamily and dormitory >= 2.8 22
125,000- sf
Residential multifamily and dormitory 3.8 — 0.000008 | 4.5+ 0.00014 *
between 75,000 and 125,000-sf * Area (sf) Area (sf)
Residential multifamily and dormitory <= 3.2 15
75,000-sf
All other == 125,000-sf 1.5 23
All other between 75,000 and 125,0000- 4 — 0.00002 * 18 + 0.00004 *
sf Area (sf) Area (sf)
All other <= 75,000-sf 2.5 21




Calculating Enclosure Thermal

FOH Mazanrn

Performance

U-Value
(BTU/hr ft* “F)

Effective R-Value
(hr f* °F/BTU)

10.2

Guide

Brick on CFMF 31461.00 £ 0037 (R-27) BTU/ hr f#2°F A 11¢5.2 15%
Brick on CMU 381500 a2 0.045(R-22)| BTU/ hr f#2°F F‘DHG':::“’” 164.3 2%
Brick on Concrete 152500 #2 0045 BT/ hrtesp | PO | 495 1%
Slate/Granite shingle on CFMF 3804.00 2 0,037 BTU/ hr 2 °F ROH Masonrg 1409 %
backup Guide

etalinie i sl s 1426700 | 2 0.037 BIU/ hrftsp | FORMSOM | 508 4 7%
CFMF Guide

R 2 2o ROH Mazonny
Slate shingle on CMU 1483.00 t 0.045 BTU/ hr ft2=F i 76.5 1%
Spandrels (large cpenings) 149400 #2 0.168 BTUS hr ft2°F 412 251.0 A%
Spandrels [small cpenings) 1040.00 #2 0.168 BTU/ hr ft2 *F 412 1747 2%
Kawneer 18600-UT System 2 (large) 11159.00 2 0.1%0 BTU/ hr ft2°F Kawneer Data 21221 TR
Kawneer 1600-UT System 2 (small) 702500 #2 0210 ETU/ hr ft2°F | Kawneer Data 14753 19%
Wood on CFMF 923.00 #2 0037 BT/ hrfasp | POV | ga0 0%
Wood on CMU 531 .00 £ 0045 BIU/ hrftesp | PRI | og g 0%
2 2 FDOH Masonry

CMU Wall @ Garage Interface 2542.50 #t 0043 BTU/ hr ft2 °F s 110.5 1%
Shelf angles/slab 218600 # 0118 BTU/ heftoF | POHOERTE | o574 %
edgefintermediate floor Guide

Window Perimeter 7757.00 £ 0047 BTU/ hr £ °F 5am 3644 5%
Slab to Garage Transition 128677 # 0.350 BTU/ hr 1 °F F‘DHGE;:‘ Bl 4504 6%
Wall o Roof Transition 1540.00 # 0210 BIU/ hrtoF | TPLERTE | 3034 4%
lerETEEes 867.47 # 0210 BIU/ hrstep | FEHEERTE g %

RDH

Target: < U-0.1285




Assemblies

RDH: Smart vapor
retarder.

SEE 17A5.04
FOR THERMALLY
BROKEN BRICK TIE

E

T

RDH: Membrane
through wall flashing
lapped over metal

through-wall flaghi

ROH: Metal through-wall
flashing.

RDH: Knife plate through
insulation to slab edge.

ROH: Foundation
waterproofing.

RDH. Low CWE XF5 min. 3°
dowm wall ar to faoting,

RDH

-85

FOBRICK

1.1 59
FOGLASS

SEET/ AS04
FOR ALUM.
CHANNEL DTLS
EEE /AL

TYR AR BARRIER
DEFLECTION JONT ———__|

A

S THIRD FLOD|
1.

THERD FLOOR
T



Reference Detalil

RDH

Appendix A: Catalogue Material Data Sheets

BUILDING ENVELOPE THERMAL BRIDGING GUIDE v1.6

Detail 5.3.13

3033 (10-10°]

965
327

/
/
v

/

:/‘; 1524 [5-07] ﬁ‘

Head Detail

Exterior and Interior Insulated 6” x 1 5/8” Steel Stud (16" o.c.) Wall
Assembly with Thermally Isolated Vertical Brackets and Rail System (24"
o.c.) Supporting Metal Cladding and R-19 Batt Insulation in Stud Cavity —
Triple Glazed Aluminum Curtain Wall & Intermediate Floor Intersection
with Window Thermal Break Positioned in the Exterior Insulation

Appendix B: Catalogue Thermal Dafa Sheels

BUILDING ENVELOPE THERMAL BRIDGING GUIDE v1.6

_— 2 i
Sill Detail
Thickness Cog?uftl}nty Nominal Resistance | Density SF"_'ECTC

D Component Inches zu in hr-ft2-°F/Btu Ib/t® g

i ft2-hr-°F m? Kkgim?) Btu/lb-°F

(mm) (Wim K) (e (kg (JIkg K)

o R-0.6 to R-1.1
1 < = = =
1. |- Interor Eilm (0.1 RSl to 0.20 RSI)
2 | Gypsum Board 1/2"(13) 1.1 (0.16) R-0.5(0.08 RSI) 50 (800) 0.26 (1090)
6" x 1 5/8” Steel Studs (16" 0.c.) with
3 | Top and Bottom Tracks 18 Gauge 430 (62) " 489 (7830) | 0.12 (500)
4 | Fiberglas Batt Insulation 6" (152) 0.32 (0.046) R-18 (3.35 RSI) 0.9(1.1) 0.17 (710)
5 | Exterior Sheathing 1/2" (13) 1.1(0.16) R-0.5 (0.08 RSI) 50 (800) 0.26 (1090)
Thermally Isclated Aluminum ,.
6 Bracket 0.09" (2.2) 1110 (160) - 171(2739) | 0.21 (900)
: : g R-10 to R-25
7 | Exterior Insulation Varies - (1.76 RSI to 4.40 RSI) 1.8 (28) 0.29 (1220)
8 | Vertical Aluminum L-girt 0.09" (2.2) 1110 (160) - 171(2739) | 0.21(900)
9 Generic Cladding with 1/2" (13mm) vented air space is incorporated into exterior heat transfer coefficient
10 5'(1.5m) x 4' (1.2m) Aluminum curtain wall (Passive House certified): triple glazed & thermally broken?,
IGU Uigy = 0.14 BTU/hr.ft2.°F (0.81 W/m2K)
11 | Wood Liner 1/2"(13) 0.69 (0.10) - 31(500) 0.45 (1880)
12 | Aluminum Flashing 14 Gauge 1110 (160) - 171(2739) | 0.21(900)
13 | Concrete Floor Slab 8" (203) 12.5(1.8) - 140 (2250) | 0.20 (850)
— R-0.2 (0.03 RSI)to
1 - - - -

14 | Exterior Film R-0.7 (0.12 RS)

1 Value selected from table 1, p. 26.1 of 2009 ASHRAE Handbook — Fundamentals depending on surface orientation
2 The thermal conductivity of air spaces within framing was found using 1SO 100077-2

Detail 5.3.13

Base Assembl

Ucentra of glass
Btu/ft? -hr -°F Btu/ft? -hr °F
(WimZ K) (Wim? K)
0.142 (0.81) | 0.199 (1.13)

Exterior and Interior Insulated 6” x 1 5/8” Steel Stud (16” o.c.) Wall Assembly
with Thermally Isolated Vertical Brackets and Rail System (24" o.c.)
Supporting Metal Cladding and R-19 Batt Insulation in Stud Cavity - Triple
Glazed Aluminum Curtain Wall & Intermediate Floor Intersection with Window
Thermal Break Positioned in the Exterior Insulation

Thermal Performance Indicators

Assembly 1D

R-21.3 (3.75 RSI) + exterior

Transmittance

(Nominal) R-Value Rio | insulation

“cl I"U- and R-value:
Jrapsmitance | Us, \: fa\:f;;awitho;:nlerr\;:;i:ﬂe
Resistance without Ru, ﬂo;r
Anomaly U, g

" | g =glazing
Useor, | U and R-values for:
Transmittance / Rioor, | floor = wall + intermediate floor
Resistance U, t = combined wall + floor +
R: window

Surface T 0 = exterior temperature
Temperature Index' ! 1 = interior temperature
Linear w Incremental increase in

transmittance per linear length

*Assumptions and limitations for surface temperatures identified in ASHRAE

1365-RP

Nominal (1D) vs. Assembly Performance Indicators
Base Assembly - Steel Stud Clear Wall

Intermediate Floor Linear Transmittance

Exterior Rip Ry Wy Riaor Ungor Woar
1‘35;!?;;‘1’38 ftzhreF /Btu | f2hroF/Btu | Btu/f2 hroF f2hrF / Btu Btu/ft? hr oF Btulft? hr °F
(RSI) (m2 K/ W) (m2K/W) (W/m2K) (m2K/W) (W/m2 K) (W/m? K)
R-10(1.76) | R-31.3 (5.51) | R-19.2 (3.38) | 0.052 (0.30) R-16.1 (2.83) 0.062 (0.35) 0.071 (0.122)
R-15(2.64) | R-36.3 (6.39) | R-21.8 (3.83) | 0.046 (0.26) R-18.5 (3.26) 0.054 (0.31) 0.056 (0.098)
R-20 (3.52) | R-41.3(7.28) | R-24.8 (4.37) | 0.040 (0.23) R-21.3 (3.75) 0.047 (0.27) 0.046 (0.080)
R-25(4.40) | R-46.3 (8.15) | R-27.6 (4.86) | 0.036 (0.21) R-23.9 (4.21) 0.042 (0.24) 0.040 (0.068)
Window Transition Transmittance
Exterigr Ry U Whoad Vs Vst Yo
Insulation f2hroF /Bl | Bw/fi2-hr oF | Buwift-hr oF | BtufithroF | Btwit hroF Blu/ft -hr <F
1D R-Value
(RSI) (m? K/ W) (W/m? K) (Wim K) (Wim K) (Wim K) (Wim K)
R-10 (1.76) R-8.1(1.43) [ 0.123(0.70) | 0.036 (0.063) | 0.028 (0.048) | 0.046 (0.080) 0.042 (0.073)
R-15 (2.64) R-9.1 (1.60) | 0.110(0.62) | 0.040 (0.069) | 0.031 (0.053) | 0.047 (0.081) 0.043 (0.074)
R-20 (3.52) R-9.9(1.74) | 0.101(0.58) | 0.044 (0.076) | 0.033 (0.058) | 0.048 (0.083) 0.047 (0.082)
R-25 (4.40) R-10.5 (1.85) | 0.095(0.54) | 0.048 (0.083) | 0.033 (0.058) | 0.047 (0.082) 0.050 (0.086)
Temperature Indices
R10 R15 R20 R25

Tu 0.76 0.76 0.76 0.75 Min T on window frame, at bottom corner at edge of glass

To 0.76 0.79 082 0.84 Max T on interior surface of sheathing, along bottom track

Ta 0.41 0.44 0.48 0.51 Min T on interior surface of sheathing, between studs




Failed TEDI vs. PH Model Inputs

Component

TEDI Model

Passive House

Above Grade Walls

R-22 to R-27, cladding-dependent
6” Cavity mineral wool, 5” Exterior mineral wool

Same as TEDI Model

Parking Garage Slab

6" Concrete with 6” XPS above

R-25
Below Grade Walls 5 XPS Same as TEDI Model
Roof ,,R'SO. Same as TEDI Model
10" Polyiso
R-30 R-18 at gymnasium, R-30 elsewhere

3” XPS at gymnasium, 6” XPS elsewhere

~1.1 W/m2K whole-window

(44,526 cfm, per MA TEDI Guidelines)

Windows Kawneer 1600 UT Same as TEDI Model
Airtightness 0.08 cfm/ft2 (~0.45 ACH50) Same as TEDI Model
Ventilation ~75,000 m3/h @ 75% heat & energy recovery ~88,000 m3/h @ 75% heat & energy recovery

(51,650 cfm)

Heating & Cooling

Electric boiler & water-cooled chiller
(per MA TEDI Guidelines)

GSHP
w/ radiant panels & hydronic fan coils

Lighting

264,502 kWh/yr
(per MA TEDI Guidelines)

Same as TEDI model

CSKEKNISIKN NSNS

Appliance + Plug Load

463,690 kWh/yr
(per MA TEDI Guidelines)

347,161 kWh/yr

(per equipment schedules w/ ASHRAE usage patterns, J

and standard value per meal prepared)

RDH




TEDI vs. Passive House Res

Ults

TEDI Target TEDI Results* Phius Targets Phius Results
Heating Demand
neating <22 3.7 x 5 4.05 \/
Heating Load . 7.7 5.8 4.42 \/
(BTU/HR-FT2) ) ) )
Cooling Demand <12 10 J 10.2 3.17 J
(KBTU/FT2-YR) - . .
Cooling Load
ptrpvnds - 17.6 4.3 3.33 \/
Source Ener
o oreY - 32.1 30.35 24.06 J
Airtightness
(CFM/FT2 -75) <0.35 0.08 (assumed) J 0.08 0.08 (assumed) J

TEDI results based on MA Guidelines for “Default” method modeled in eQuest.
Area-normalized metrics are calculated using iCFA in accordance with PHIUS requirements.

Criteria based on PHIUS+ 2021 for Boston, MA .

TEDI Results are based on RDH's corrected version of the eQuest model originally provided by GGD.

RDH




TEDI vs. PH Model Results

MA TEDI vs. Phius

Phius

MA TEDI

__________

0 2 4 6 8 10

—————

| Heating Demand [Jj Cooling Demand |

(KBTU/FT2-YR) (KBTU/FT2YR)  l==m-

RDH
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Passive House Optimization

Reduce under-slab insulation from 6” to 3"

OR

Increase the COG U-value from U-0.111 to U-0.14
Opens possibility of more IGUs

OR

Reduce wall clear field R-value from ~R-26 to R-18
Remove stud cavity insulation and maintain 5" mineral
wool outboard of sheathing OR
Keep stud cavity insulation and reduce to ~3” mineral

wool outboard of sheathing

RDH

Heating demand:

Cooling demand:

Heating load:

Cooling load:

Source energy:

Site energy:

4.05 kBtu/ft*yr
3.7 kBtu/ft2yr
4.42 Btu/hr ft*
3.33 Btu/hr ft*
24.06 kBtu/ft2yr

13.37 kBtu/ft*yr

Heating demand:

Cooling demand:

Heating load:

Cooling load:

Source energy:

Site energy:

4.39 kBtu/ft*yr
3.12 kBtu/ft?yr
4.57 Btu/hr ft*
3.35 Btuwhr ft*
24.21 kBtu/ft®yr

13.45 kBtu/ft*yr

Heating demand:

Cooling demand:

Heating load:

Cooling load:

Source energy:

Site energy:

4.58 kBtu/ft2yr
3.11 kBtu/ft2yr
4.64 Btu/hr ft*
3.37 Btu/hr ft*
24.3 kBtu/ft2yr

13.5 kBtu/ft?yr




Next Steps

Project is continuing with TEDI as a path forward with “As Designed” modeling.

Project team was already too far down the road on TEDI path to want to switch metrics and incur
additional soft costs of PH consulting and Verification

|deally the project would have started off targeting Passive House instead - it is feasible and at this

point a better defined, better proven and more familiar process

RDH



TEDI Conclusions

TEDI modeling targets and guidelines need to be updated by DOER.

Modeling per “Default” TEDI guidelines does not work.

First generation of projects is testing the system, and identifying the “bugs”

PH is feasible for non-residential buildings including schools and allows optimization.

Consider Passive House Certification from the outset on projects where TEDI is the minimum code

required path.

RDH



4 PH in Multi-family



Stretch + Specialized Opt-In Code

NEW CONSTRUCTION
Multi-Family or Commercial?

RDH

SPECIALIZED OPT-IN MULTI-FAMILY MULTI-FAMILY | SOMMERGIAL
% _ X "
( > 12,000 sf? J Is the building 3 stories or less? [ <20,000 sf? ]
YES NO YES NO YES NO
) ) l
Is the building taller Certified Certified Is the gross Is it a dormitory, fire
than 5 stories? Performance: Performance: conditioned floor = e i station, library, office,
HERS or HERS or area > 12,000 sf? rescriptive Compliance | | school, police station,
Passive House Passive House post office, or town
"
NO YES l NO YES NO
’ l l l s 2 £~ J’ 2§

Certified Performance:
Passive House

(required starting January 1,
2024)

Targeted Performance and
HERS are options until January
1, 2024 when PH will be the
requirement

Certified Performance:
Passive House
(required starting January 1,
2023)

Mixed Use Buildings can follow a path for each
use or a whole-building Passive House path

: Certified Performance:

HERS or

Passive House

or

Targeted Performance:
TEDI

ASHRAE 90.1 10% “Better
Than” is an option until july 1,
2024 when HERS, PH or TEDI

_will be a requirement

Certified Performance:

HERS

or
Passive House

Targeted Performance:
TEDI

+ Prescriptive
Requirements

. J

Relative Performance:
ASHRAE 90.1

Appendix G complying with
varying Performance Energy

+ Prescriptive
Requirements

\.

Index values by program type

Mixed Use Buildings can follow a path for each use or a whole-building Passive House path, or
TEDI + Prescriptive Requirements Path

Passive House is a code compliance path for any building



Massachusetts Stretch Code
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|| stretch Energy Code - 225 CMR 22.00 and 225 CMR 23.00 (257 ch)
Specialized Energy Code - 225 CMR 22.00 (appx. RC) and 225 CMR 23.00 (appx. CC) (* 44 cft)

* Acton, Amherst, Aquinnah, Arlington, Ashfield, Ashland, Bedford, Belmont, Boston, Braokline, Cambridge, Carlisle, Chelmsford,
Concord, Dedham, Eastham, Hopkinton, Lexington, Lincoln, Maynard, Medford, Melrose, Milton, Natick, Meedham, Newburyparl, i
Newton, Morthampion, Morwood, Salem, Sharon, Sherborn, Somerville, Stow, Swampscott, Truro, Wakefield, Watertown, Wayland ) 1"‘#

*. CI{J"I

Wellesley, Wellfieet AGUINA
- Effective 7-1-24: Amherst, Badiord, Carlisle, Chelmsford, Medford, Melmse, Neadham,Norwood, Salem, Swampscott Wakefield Weston, Worcester i
- Effective 1-1-25: Ashfield, Ashland, Belmont, Dedham, Eastham, Hopkinton, Milton, Sharon, Wayland, West Tisbury

-- Effective 7-1-25; Natick, Newburyport

Massachusetts Building Energy Code Adoption by Municipality 5-
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Wellesley, Wellieet, West Tisbury, Westan, Worcester adapted the Specialized Energy Code : s

HILMRAE.

J%{ELIJF“
- Effective 7-1-23: Brookling, Cambridge, Someville, Watertown “ WEST TISBURY > A
-- Effective 1-1-24; Acton, Aguinnah, Arlington, Boston, Concord, Lexington, Lincoln, Maynard, Newton, Northampton, Sherborn, Stow, Trura, R S o ‘).\
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A DOER, 5-28-2024, jpRalar
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Source: Massachusetts DOER



Bunker Hill Building M - Charlestown, MA

Multi-family Residential SV
+/-90,000 gsf ""
102 units

CLT Floors — # |
CFMF Load Bearing Panelized s T BH ‘
Walls

R ’I* Bunker Hill Building M, Charlestown, MA. Stantec.



Cambridge

/

Volpe Parcel R1

Family Residential Student

— Multi

Housing

D\ N W R W W e

AN = L R A R T i T e ) el S T = - e H.u.“

p R R R S -

000 gsf

— 2 floors commercial program
— 2712 units

- +/- 200,

Rendering, Stantec

RDH



600 Rivers Edge, Medford

-~ Multi-family Residential

—~ +/- 275,000 gsf

— +/- 220 units

— Terrace pool over above-grade

first floor parking

RDI* Rendering, Gensler



78 Crafts Street, Newto

— Multi-family Residential £,
— 4 buildings - 4-6 stories
—~ +/- 400,000 gsf
— Chapter 40B

— 20% at 50% AMI
— 307 units

N

RDI-I Rendering, TAT



Multi-family in Cambrld ge

|\
— Multi-family Residential “
= +/- 250,000 gsf ¢ |‘ !
— +/- 250 units

R e
|1 ‘ | !

T EEEEE-T
= A

RDH

Rendering, Hacin



Multi-family in Cambridge
—_—

Current Alt 1: Alt 2: Alt 3: 28% | Alt 4: Alt 5:
Desig 25% WWR | WWR + Di

PHIUS Targets** SER | o2s 03 03sce | 4 wall | Becric
e SHGCat | sHGC for | for all Insulation | \water

Elc;:L\J/EarLions all glazing | glazing Heater

HEATING

DEMAND <52

KBTU/FT?-YR

HEATING

LOAD <4.4

BTU/H-FT?

COOLING

DEMAND <82

KBTU/FT?-YR

COOLING

LOAD <3.4

BTU/H-FT2

SOURCE

ENERGY 4.900

Based on 228 kWh/

Dwelling Units occ

and 294 -

Bedrooms

AIRTIGHTNESS | o | 0.08 0.08 0.08 0.08 0.08 0.08

CEM/FT2@ 75 pa - (assumed) (assumed) (assumed) (assumed) (assumed) (assumed)

*Area-normalized metrics are calculated using iCFA in accordance with PHIUS requirements

**Criteria based on PHIUS+ 2021 for Boston, MA

***Current Design based upon documentation listed above and assumptions noted in Table 2

RDH
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Mass Save Incentives (Carrot)

Multi-Family Residential Buildings with 5+
Units
Certification through PHI or Phius

Bunker Hill Example, 102 Units:

Feasibility: $5,000

Energy Modeling: $20,000
Pre-Certification: $51,000

+ Certification: $255,000

Total: $331,000

RDH

Passive House Incentive Structure for

Multi-Family (5 units or more)

Incentive Timing  Activity Incentive Amount Max. Incentive

Up to 100% of

Feasibility Study Feasibility costs $5,000
Pra-Constriiction 3 75% of Energy $500/unit,

Energy Modeling Model cost max. $20,000

Pre-Certification $500/unit

Certification $2,500/unit

N/A

Post-Construction $0.75/kWh

Net Performance

Bonus

$7.50/therm

The Net Performance Bonus is calculated by determining the final pay for savings
incentives and subtracting the pre- and final certification incentives. The result is the
Net Performance Bonus.

Projects that pre-certify but do not achieve certification are eligible for the
lore-certification incentive and Net Performance Bonus.

Projects over 100 units must be pre-approved by the applicable Sponsors of Mass Save.




BERDO 2.0 (Stick)

If a building is not complying:
Make a Compliance Plan implemented the following year 2025-2029 | 20302034 | 2035 - 2039 | 2040 - 2044 | 2045- 2049 | 2050

R ssevorr & [ I i 2. v o
Buy Renewable Ener

o Renewable Enerey i 5 [ it 5. 12 o
OR & 1.2

. . EDUCATION . ;
Take alternate compliance path and pay $234 / metric ton El - - — 0
. . FOOD SALES

over limit coeice [T M it 54. 27 0
o veaircace % [N M. 5..... 24 ©

USE THE CHART BELOW TO SEE YOUR °
EMISSION STANDARDS BY YEAR

Apply for Flexibility Measures that adjust the limit, make 5o .
allowance for hardship, or allow blended emissions oo ] | it s ®
between program types in building or buildings in a M. €1 T .S 32 0

portiote wisson o I i ¢
ornce. 1 [ M i 25. o o
Penalty Fees: B 5
RETAIL [ -m . 0.7 0
$150-$300 / day failure to comply w reporting —— e - "
$300-%$1,000 / day failure to comply w emission standards

$1,000-$5,000 failure to accurately report information srorace. (5] || s 04 o
TECHNOLOGY/ 7.8
scrence () [T It 5. 25 O

Emissions standard (kgCO,e/ ft2/year)

RDH



Does PH Certification eventually go away?

ELOG POST

ASHRAE 227 Passive Building Standard Released for
Public Comment

Phius Senior Scientist Graham Wright provides details on the release of ASHRAE Standard 227 - Passive

Building Design for public comment.

October 03,2023 By Graham S. Wright

View and Download ASHRAE 227P Draft

Click here to view and download the public review draft of
ASHRAE Standard 227 - Passive Building Design.

RDH



Conclusions

Energy Codes and Building Science principles, like those made familiar by Passive House, are converging.
Passive House is a recognized absolute metric for operational energy reduction that can be used towards
operational decarbonization.

Passive House has provided a framework for non-technically oriented people to discuss building science
that improves buildings. This empowers building owners to make decisions.

Passive House is a viable code compliance option for existing or new construction buildings of varying
program types.

In many cases PH is a preferable compliance path to meet the requirements of the Stretch Code, especially
in the case of MA TEDI.

OR...For Now....

RDH



JUST DO PH.



Thank You.

?DI-I Andrew Steingiser| asteingiser@rdh.com
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