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Why this Research

(-4

Passive Low Embodied Electrifying Clean Climate
House Carbon Everything Energy Action

e Changing climate gives urgency to rapidly decarbonize

¢ Understand relationship of energy efficiency and low embodied carbon
e Low rise wood buildings are still most prevalent construction type

e Pros and cons of Mass Timber vs Stick Frame

e Key decisions to make low carbon wood buildings

e Are Net-Zero Carbon Buildings possible?

LEVER ARCHITECTURE



Mass Timber
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Stick Frame
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Research Questions

e Which wood structure type has lowest embodied carbon?

e What assemblies are required to meet Passive House?

e How do Mass Timber and Stick Frame assemblies compare?
e What assemblies have lowest embodied carbon?

e When is Mass Timber more appropriate than Stick Frame?

e Are zero-carbon buildings feasible in today’s building climate?
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Methodology
Using Three Case Study Projects:

Step 1: Determine Assembly R-Values to Meet Passive House
Step 2: Estimate Embodied Carbon of Resulting Buildings
Step 3: Determine PV Array Size ideally to achieve Net Zero Carbon
Step 4: Evaluate the Embodied Carbon Calculations

Step 5: Provide Strategies and Recommendations

LEVER ARCHITECTURE
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Why Carbon

Buildings are responsible for ~39% of global carbon emissions
Carbon is a universal metric

Estimate full impact of emissions from construction

Estimate emissions from buildings and also supply chains

LEVER ARCHITECTURE



The Many Names of Carbon

Carbon

Carbon Dioxide (C02)
Carbon Dioxide Emissions
Carbon Emissions

Carbon Dioxide Equivalent (CO2e)

Greenhouse Gas Emissions (GHG)

Global Warming Potential (GWP)

LEVER ARCHITECTURE



Tc = Ec + Oc

Total Carbon Embodied Operational
Carbon Carbon

Embodied Carbon
CO2 emissions from extraction and production of materials
CO2 emissions from construction

CO2 emissions from use of building

CO2 emissions from end-of-life

Operational Carbon

CO2 emissions from operation of a building

LEVER ARCHITECTURE



The Time Value of Carbon

To limit global warming to avoid irreversible climate change, reducing emissions
today is more valuable than reducing emissions in the future.

Total Emissions Approach

Select strategies that emit the least carbon over a building’s lifetime, even if they
result in increased upfront emissions.

Upfront Emissions Approach

Reduce upfront emissions whenever possible to limit global warming, even if it means
increased operational carbon emissions over the life of a building.

LEVER ARCHITECTURE



Stages of Carbon

Upfront is more limited
but can estimate more
accurately.

Full life cycle is more
comprehensive but very

difficult to predict and
less accurate.

/" WHOLE LIFE CARBON

EMBODIED CARBON

UPFRONT CARBON

Product
(A1-A3)

Raw material supply
Manufacturing

Raw matenal transport

Construction
(A4-A5)

Transport to site

In-use emissions
Maintenance
Replacement

Refurbishment
Deconstruction / Demolition

Construction and installation

OPERATIONAL CARBON

Operational Energy

Operational Water

End-of-life

/" CIRCULARECONOMY )

Beyond the Building

Life Cycle
(D)

Benefits and Loads

(C1-C4)

Waste processing

Recycling Potential

We've become good

Cradle to Gate |

Cradle to Grave (Building Life Cycle Information)

at estimating very
accurately

Cradle to Cradle (Building Assessment Information) |

LEVER ARCHITECTURE
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Why Passive House
(Isn’'t Net Zero Enough?)

kW or kBTU/hr
kW or kBTU/hr

January - December
Hours

. Heating Energy . Cooling Energy Lights, Appliances, DHW

Seasonal Loads

Code Minimum

S
3
:
:
>
o)
g

kW or kBTU/hr

January

- December

Hours

. Heating Energy . Cooling Energy Lights, Appliances, DHW

Seasonal Loads

Passive House

January - December

Hours

. Heating Energy . Cooling Energy Lights, Appliances, DHW PV Production

Seasonal Loads + Supply

Passive House + PV
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Passive House Requirements
% D
n

Thermal Energy Demand Total Energy Demand Airtightness

e Three main performance criteria (all pass / fail)
e Specialty modeling software with detailed input
e Assemblies are material agnostic (effective R-value)

e Field Verification

LEVER ARCHITECTURE



Passive House Principles

O

O

@

Thermal Control

Super Insulation
Thermal Bridge Free

Air and Moisture Control

Airtight Construction
Fresh Air with Heat Recovery

Radiation Control

High Performance Glazing
Shading and Daylighting

Efficient Mechanical Systems

Minimized Equipment
Efficient Distribution

LEVER ARCHITECTURE
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Biogenic Carbon

“carbon produced in natural processes by living organisms”

Biogenic Carbon or Sequestered Carbon
Negative upfront carbon
Emissions occur at end of life (total embodied carbon)
High degree of uncertainty in the modeling

Upfront Carbon only Credit for the stored carbon (ignores future emissions)
Incentivize the use of more wood?

Conservative Approach Biegenie-Carben
Always identify if it’s included

LEVER ARCHITECTURE



All Wood Is Not Equal

Wood EPDs used in most embodied carbon calculations represent the national
average, and do not distinguish between wood sourced from specific forests or
specific sites...in EPDs all wood is represented equally.

WA. FSC, SHORT AVERAGE Global Warming Potential (kgCO,eq)

_

OR, FSC, SHORT

g
WA, BUSINESS AS USUAL, LONG == —————— ]
WA, FSC, LONG

o ——{ C—
OR, FSC, LONG ﬁ

WA, BUSINESS AS USUAL, SHORT

.......................................................................................................................................

OR, BUSINESS AS USUAL, LONG

STEEL — §
CONC RE T o
OR, BUSINESS AS USUAL, SHORT * |

Embodied Carbon of Different Forest Management Practices and Harvest Rotations
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Townhomes Black Business Hub Affordable Apartments

Program Program Program
31,822 sf gross 40,000 sf gross 97,000 sf gross
24 Townhomes Below Grade Parking 85 Units of Rental Apartments
2-buildings Offices over Ground Floor Retall Ground Floor Amenities / Childcare
Height Height Height
2 & 3-story 4-story 6-story

onstruction onstruction onstruction
Type V-B Type llI-B Type IlI-A with Type | Podium (Stick Frame)

Type IV-C (Mass Timber)
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Operational Carbon Summary

Townhomes

Energy Modeling Parameters

Component Code Minimum

Floor / Slab on Grade R-0

Edge of Slab R-15

Walls R-21

Roof R-49

Windows U=.30/SHGC =.30
Airtightness 4 @ 75PA

Heating / Cooling Electric Res / PTAC
Ventilation Trickle Vent / Exhaust
Water Heating Electric Resistance

Improved envelope = 13% savings

Better systems = 34% savings

Passive House
R-15 C.|

R-15 for24"

R-26 Effective

R-59 Effective
U=.26/SHGC = .18
2 @ 75PA

Split System Heat Pump
ERV (68% Efficient)
Heat Pump (Hybrid)

kKWh/yr

400,000 -

360,000 -

320,000 -

280,000 -

240,000 -

200,000 -

160,000 -

120,000 -

80,000 -

40,000 -

0 -

354,500

188,200

Townhomes

. Code Minimum

. Passive House

Annual Operational Energy (kWh/yr)

kgCO2e

100,000 -

90,000

80,000

70,000

60,000

50,000

40,000

30,000

20,000

10,000 -

0 -

96,840

Townhomes

. Code Minimum

. Passive House

Annual Operational Carbon (kgCO2e/yr)
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Assemblies
Townhomes

Unvented Roof
with rigid

insulation (foam)

Vented Roof with
fluffy insulation

(cellulose)

ROOFING / UNDERLAYMENT ROOFING / UNDERLAYMENT ROOFING / UNDERLAYMENT
PLYWOOD SHEATHING PLYWOOD SHEATHING PLYWOOD SHEATHING
""" Al v
VENTILATION CAVITY ———e= POLYISO BOARD ' VENTILATION CAVITY ———#=
INSULATION T
FIBERGLASS EEEN % LOOSE FILL -
ROOF BATT INSULATION & AR BARRIER MEMBRANE Dt ol CELLULOSE INSULATION A
HRRATE O i 3PLY CLT - TRUSSES AT 24" 0.C. i
+
s W / 1] AIR BARRIER MEMBRANE
5/8" GYPBOARD i
STICK FRAME MASS TIMBER STICK FRAME
(R-37 EFFECTIVE) (R-62 EFFECTIVE) (R-62 EFFECTIVE)
| 688 | 2" 658"
I~ FIBER CEMENT SIDING | 44! FIBER CEMENT SIDING Hib—<)
— 4 == : :
FIBER CEMENT SIDING = 1X4 WD FURRING H Y PAWD FURRING = Stud CaV|ty with
| :‘: MINERAL FIBER mmus i MINERAL FIBER a :ﬂ . .
DRAINABLE WR8 ‘:‘ BOARD INSULATION EE ; BOARD INSULATION %‘4 ﬂUﬂ:y |nSU|at|On
WALL PLYWOOD SHEATHING i — WRB / AIR BARRIER 11 WRB / AIR BARRIER S
FIBERGLASS | gﬂ 3PLY CLT |/ PLYWOOD SHEATHING :"j (Cel I u IO Se)
BATT INSULATION ’ "“ d CELLULOSE INSULATION ==
|| — /| | @
2X6 WOOD STUDS e / 2X6 WOOD STUDS T——
AT 24"0.C. q 1 1 1§ /
| :‘ CLT W|th eXtenOr — f 5/8" GYPBOARD gﬂ
STICK FRAME board insulation MASS TIMBER STICK FRAME
(R-17 EFFECTIVE) . (R-26 EFFECTIVE) (R-26 EFFECTIVE)
(mineral wool)
CONC SLAR ———— == : D SRS {I CONC SLAB ———— = A > . CONC SLAB —————== RS T el %
VAPOR BARRIER ~fr:s-;z:-r:z;j:;~r;4<._»fzzr.,:-_ e VAPOR BARRIER _"_f-_-_'- : VAPOR BARRIER —— e iR ST e e erey -
FLOOR COMPACTED GRAVEL —m = FXPSINSULATION —=eb b e FXPSINSULATION — e i
EEIEE COMPACTED GRAVEL ———#ei 02005 2 COMPACTED GRAVEL —=i=is o1 202 2 - 8 -
UNDISTURBED GR# M=l=T=ils e i — Slab with
UNDISTURBED GRADE ——+—et—|| ||| ||| UNDISTURBED GRADE —— ||| || {/|—
Slab without STICK FRAME MASS TIMBER STICK FRAME Insulation
. . (UNINSULATED) (R-16 EFFECTIVE) (R-16 EFFECTIVE)
insulation (foam)
CODE MINIMUM PASSIVE HOUSE LEVER ARCHITECTURE




Passive House Assemblies
Townhomes

Simple air barrier Challenging air
transition barrier transition
(exterior wall to ’ (exterior wall to
exterior roof) % o=1llgle)

NI
\|

PH Mass Timber PH Stick Frame
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Embodied Carbon Results

Townhomes

Full Life Cycle:

579,315

Code Minimum

-66,877
PH Mass Timber

Upfront Life Cycle Stages A1-A4

. With Biogenic Carbon

Without Biogenic Carbon

Upfront (w/ Biogenic Carbon):
Mass Timber is lowest

602,480

PH Stick Frame

kgCO2e

2,000,000 -

1,800,000 4

1,600,000 5

1,400,000 -

1,200,000 4

1,000,000 4

800,000 4

600,000 4

400,000 4

200,000 4

Mass Timber is highest

629,586

Code Minimum

1,337,815

A
....... 'S
AT
Vo
s
»:,-" :;.-/ :/
S
’ ,-:/’ )
r s

AT,
936369 |7

PH Mass Timber

Full Life Cycle Stages A-D

. With Biogenic Carbon
77 Without Biogenic Carbon

,,,,,
..........
J

r i
"""""""""
'''''''

J
......

’ J
,,,,,,,,,

,,,,,,,,
¥ F
......
,,,,,,,,,,

r J »,

---------
------
,,,,,,,,,,,

" y i ;i
' rrrrsys
’
F J FJ J

6528461 Y

"""""""""""""""""""
::::::
::::::::::
2w
.................
""""""""""""""""""
-------
"""""""""""""""""""
"""""""""""""
""""""""""""
nnnnn
...........
""""""""""""""""

FrrFrErryy
'
"""""""""

''''''''''''''''

''''''''''''

¥
'''''''

.......
,,,,,,,,,,,,,,,
.......

y
rrs

,,,,,,,,,,,,,

LEVER ARCHITECTURE



Embodied Carbon Results

Mass Timber

909,000 uses more

900,000 wWOoOod

800,000

o Mass Timber

| Why is Stick uses more foam

SEECEN Frame negative? and mineral wool
@ 500,000
N
O
O 400,000
=)
=

300,000

217735
200,000

155140 115,633

.60 7

— 116 kW 188 kW 250 kW 354 kW
-41,36¢€ Current NZE PH NZC PH NZE Code

92,600 92638 92,650

 TYTE T

Code PHMT PHSF Code PHMT PHSF Code PHMT PHSF Code PHMT PHSF
Concrete Steel Wood Insulation PV Array

100,000

0

"30%1

-100,000

Embodied Carbon of Major Materials (Full Life Cycle with Biogenic Carbon)
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On-Site Renewable Energy

Townhomes

Code Minimum
354 kW PV
Net Zero Energy

PV Array far
exceeds available
roof area
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On-Site Renewable Energy

Town hOmes PV Array fits in

available area
C using canopy
omtortac above parking
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Stick Frame Passive House Stick Frame Passive House
116 kW PV 216 kW PV
60% Net Zero Energy Net Zero Carbon in 25 years
(Upfront w/ Biogenic Carbon)
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Total Carbon Scenarios - 25 years

Townhomes
Green = Operational Carbon g Cads
0 o
N O
@
N N
kg C;).?e = S : s . = = T kg éoze
Carbon 51,787 71,340 kgCO2e .
Pink = Embodied Carbon
(Building + PV Array)
| | | | YTB | | | | VTU | | | | YTS | | | | YTO | | | |
Stick Frame Passive House
116 kW PV

60% Net Zero Energy Annually
(Upfront w/ Biogenic Carbon)

2025

Q9

a X
Q O
N~
@ -

184,627
Co2e

Energy Positive -
offsets upfront
carbon in 25 years

M o
- -184.627

184,627

kg Co2e
Total Upfront  _ Building 3 PVArray _ 184,627
Carbon 51,787 132,840 kgCO2e

kg Co2e

YRS YR10 YRI5 YR20
Y A MU Y S (LN AN N NN PN (Y NN Y '] NN RHRY (N NN SN (N

2050

Stick Frame Passive House
216 kW PV
Net Zero Carbon in 25 years
(Upfront w/ Biogenic Carbon)
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Floor Plans
Black Business Hub

DECX
19N 3SF

(&3] ol

|
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: ' K
— LBt ;
§ LOBBY | CAFE
! H 2218F | 700 SF | LOBBY COWORKING
! pronil : aT2SF 1,08 &F
| o 5
| . ] -
! ! ELEC
RETAIL - o
’ 344 SF 1
I I R RR
. RS F : Lim e
| :-5 » 1,
=5 RETAIL .
| ADA RR 3 344 5F 1] ADA RR DA RR
| 114 SF ; 17 SF 101 SF
I ! 1 =
L RR
| i RETAIL IR
I * 344 8F 1
| _ “QF - § OFFICE
— 4014 55
RR |
\' ™ SF aa‘n. 1 1 w
) A 344 51 4| 1
. w R .' '
sar )N I
3 g | : -
RETAIL 1| !
344 SF l
IN)
\]r' TRASH BIKES 7|
~ 278 §F 317 &F —p
\ RETAIL | |
. 403 SF
| 4
LEVEL 01 LEVEL 02 LEVEL 03
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Operational Carbon Summary
Black Business Hub

Energy Modeling Parameters

Component

Floor / Slab on Grade
Edge of Slab

Walls

Roof

Storefront Windows
Upper Windows
Infiltration

Heating / Cooling
Ventilation
Water Heating

Code Minimum

R-0

R-15 for 24"

R-19 (~R-16 Effective)
R-30 Effective
U=.36/SHGC =.33
U=.36/SHGC =.33
4 @ 75PA

VAV with Elec Reheat
Code Minimum Mixed Air
Elec Resistance

Improved envelope = 14% savings

Better systems = 34% savings

Passive House

R-0

R-15 for 24"

R-19 Effective

R-38 Effective
U=.36 /SHGC = .27
U=.24/SHGC =.27
2@ 75PA

Split System Heat Pump
ERV (68% Efficient)
Heat Pump

kWh/yr

600,000 -

540,000 -

480,000 -

420,000 -

360,000 -

300,000 -

240,000 -

180,000 -

120,000 -

60,000 -

527100

273,300

BBH

Annual Operational Energy (kWh/yr)

kgCO2e

200,000 -

180,000 -

160,000 -

144,000

140,000 -

120,000 4

100,000 -

80,000 -

60,000 -

40,000 -

20,000 -

BBH

Annual Operational Carbon (kgCO2e/yr)

LEVER ARCHITECTURE
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Assemblies
Black Business Hub

Unvented Roof with rigid

Unvented Roof with rigid

insulation (5” foam) insulation (6” foam)

METAL ROOFING / METAL ROOFING /
UNDERLAYMENT UNDERLAYMENT
PLYWOOD NAILBASE METAL ROOFING / PLYWOOD NAILBASE R SRR
POLYISO INSULATION B o SHRER AL P Ao SRR o
AIR BARRIER PLYWOOD SHEATHING AIR BARRIER MEMBRANE Sidasss s sis s s
PLYWOOD SHEATHING S
ROOE POLYISO INSULATION ;,, HEEAROL Sty T
, =t
TRUSSES AT 24" 0.C. - AR BARRIER MEMBRANE 252777777 A TRUSSES AT 24" 0.C. -
%
w 3PLY CLT ! N
(2) LAYERS —_— (2) LAYERS -
5/8" GYPBOARD 5/8" GYPBOARD
STICK FRAME MASS TIMBER STICK FRAME
(R-30 EFFECTIVE) (R-38 EFFECTIVE) (R-38 EFFECTIVE)
[ ] [ J |/ “ [ J ()
o« CLT with exterior 2 Al METAL SDING = Stud Cavity with
= FURRING A H-H METAL FURRING == . -
METAL SIDING —~ . . % =
A= board insulation RAL FIBER muy ¢ MINERAL FIBER »:: ﬂUﬂ:y INnsulation
DRAINABLE WREB o o . ATION | (smss g BOARD INSULATION | |
WALL GYP SHEATHING :’: (m | neral WOOI) A ; WRB / AIR BARRIER @ (Cel I U IOSG)
(= S GYP SHEATHING ||
FIBERGLASS = | HHH /] =
BATT INSULATION (=5 WRB / AIR BARRIER T |/ CELLULOSE INSULATION The=—
2X6 WOOD STUDS ] 3PLYCLT ] 2X6 WOOD STUDS o
= | | N | |ss s d ==
(4 ] |smas fg 56" GYPBOARD f——u
STICK FRAME T MASS TIMBER STICK FRAME .
(R-16 EFFECTIVE) Slab without (R-19 EFFECTIVE) (R-19 EFFECTIVE) Slab without
Insulation Insulation
CONC SLAB ————= CONCSLAB ———= «, = .. ;]; CONC SLAB ———=
VAPOR BARRIER —_— VAPOR BARRIER e VAPOR BARRIER - ——
FLOOR COMPACTED GRAVEL — 0 2 = COMPACTED GRAVEL —epme 02 el COMPACTED GRAVEL —sgmm -5 - ‘
Pl et s 'n‘,-‘,,. L : 1 A~ A~ J ;'|, ,”..”“ — 4
TR

: | 1‘?“"
=l1= l:
!

il il {11

et & i e A R e =5
=== T=E e et e e e e e el
UNDISTURBED GRADE —‘ré‘r!u—l’_lﬁuﬁ LT: UNDISTURBED GRADE ~=———a== ||| ||| UNDISTURBED GRADE == |

STICK FRAME MASS TIMBER STICK FRAME
(UNINSULATED) (UNINSULATED) (UNINSULATED)
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Embodied Carbon Results (Below-Grade Parking)

Black Business Hub

e Upfront Carbon =~ 170,000 kgCO2e
e More Upfront CO2 than entire Mass Timber Building
e More Upfront CO2 than 273 kW PV Array

kgCO2e

1,300,000 -
1,200,000 -
1,100,000 -~
1,000,000 -
900,000 -
800,000 -
700,000 -
600,000 -~
500,000 -
400,000 -
300,000 -
200,000 -

100,000 -

Below-Grade Pa

rking alone

0-

accounts for 2.5 times the
carbon as MT building
811,820
777777777
)
I
) 640169
';:':jj‘ff‘;:,;;':;:'Ef.';jf"'Zf,:::‘f'j j
I v
Iy, )
j I
........ . L1 A
269499 V) i
W W
v )
) i
w/ Parking w/o Parking
PH Mass Timber

Upfront Life Cycle Stages A1-A4
. With Biogenic Carbon

////| Without Biogenic Carbon
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Embodied Carbon Results

Black Business Hub

Full Life Cycle:
Mass Timber is highest

1,300,000 - . . . 1,300,000 -
Upfront (w/ Biogenic Carbon):
1,200,000 - . . 1,200,000 -
Mass Timber is lowest
1,100,000 - 1,100,000 - 1,072,646
1,000,000- 1,000,000- |
900,000 900,000 4
o  800000- ©  800,000- Thiaz )
& 8 ‘ R 748,087
QO 700000 O 700,000 |
B | 640169 o S5LO%S
600,000 - 70,333 I 600,000 -
7 203 523,363
500,000 - 'i.'j;l'%;i'{ff'jIffjf;f;j:'i;,i;jil}j A 500,000 - 474 419
400,000 - 400,000 -
300,000{ 286,650 pas 300,000-
200,000 - 200,000 -
100,000- 100.890 100,000 -
0. L 0 » _|| L L | -
Code Minimum PH Mass Timber PH Stick Frame Code Minimum PH Mass Timber PH Stick Frame
Upfront Life Cycle Stages A1-A4 Full Life Cycle Stages A-D
. With Biogenic Carbon j With Biogenic Carbon
771 Without Biogenic Carbon | Without Biogenic Carbon
————
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Embodied Carbon Results

Black Business Hub

kgCO2e

450000

400,000

350,000

300,000

250000

200000

150,000

1000%0 e

50,000 -

=-50,000

Topping slabs at
Mass Timber

Significant impact
from large PV but
Impractical

Mass Timber
uses more wood

Mass Timber

uses more foam

and mineral wool

227287

224100
195,570

170,887 170,887

167985

82 kW 144 kW 260 kW 318 kW 527 kW

-22,680 22,690 Current 53% NZEPH NZE PH NZC PH NZE Code
Code PHMT PHSF Code PHMT PHSF Code PHMT PHSF Code PHMT PHSF
Concrete Steel Wood Insulation PV Array

Embodied Carbon of Major Materials (Full Life Cycle with Biogenic Carbon)
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On-Site Renewable Energy

Black Business Hub

PV Array far
exceeds available

roof area

Code Minimum
527 kW PV
Net Zero Energy
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On-Site Renewable Energy

Black Business Hub

N r .. ..
——— e ————— [ Y <~~~ . ABONEPILAZA < 2~ =~
. 1, i‘z V. iPABKINGSPACES | 0 0

IO
L 11l

Area of PV In initial Fits within site area

: but still exceeds
building area and
not realistic

O 4 Ria™
o S — - - - - " - xz

I

|

concept design

e B R S B B o A e R PO eeuo i moar e
 — | " ! - 2 \ | y

LY

—_—} .
¢ ’
—

-

p—

{
e 3
5 {S_\
by

= & A =
Passive House (Mass Timber) Passive House (Mass Timber)
82 kW PV 318 kW PV

30% Net Zero Energy annually Net Zero Carbon in 25 years
(Upfront with Biogenic Carbon)

Lo
k?
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Green = operational carbon

Total Upfront
Carbon

Total Carbon Scenarios - 25 years
Black Business Hub

. 151320
kgCOe

Pink = embodied carbon

YRS YR10 YRS YR20
E £ F ¥ r frr 2 394X % ¥ v U OE AN OA4 A G

2025

Passive House (Mass Timber)
82 kW PV
30% Net Zero Energy annually

2050

Energy Positive -
offsets upfront
carbon in 25 years

2025

0
.
~N

497,
kg Co2e

Net Zero

YR25

Total Upfront _  Building PV Array
Carbon 100,890 © 195570

(=

YRS YRID
(N | T Y N N D R | B

2025

Passive House (Mass Timber)
318 kW PV
Net Zero Carbon in 25 years
(Upfront with Biogenic Carbon)
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Affordable Apartments




Floor Plans
Affordable Apartments
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Operational Carbon Summary
Affordable Apartments

2,000,000 - 500,000 - 496,654
1,818,200
1,800,000 - 450,000 -
. 1,600,000 - 400,000 -
Energy Modeling Parameters
1,400,000 4 350,000 - 334,419
Component Code Minimum Passive House 1.224.200
Floor / Slab on Grade R-0 R-0 1,200,000 - 300,000 -
Edge of Slab R-15 for 24" R-15 for 24" S
Walls R-19 (~R-16 Effective) R-19 Effective 1,000,000 - g 250,000 -
Roof R-30 Effective R-38 Effective =
Storefront Windows U=.36/SHGC =.33 U=.36/SHGC=.27 800,000 - 200,000 -
Upper Windows U=.36/SHGC =.33 U=.26/SHGC=.26
Infiltration 4 @ 75PA 2 @ 75PA 600,000 - 150,000 -
Heating / Cooling Electric Res / PTAC Split System Heat Pump 400,000 A 100,000 -
Ventilation ERV (50% Efficient) ERV (68% Efficient)
Water Heating Electric Resistance Heat Pump (Central) 200,000 - 50,000 -
0= 0-

Affordable Apartments Affordable Apartments

Improved envelope = 7% savings Code Minimu

Passive House

Better systems = 26% savings

Annual Operational Energy (KWh/yr) Annual Operational Carbon (kgCO2e/yr)
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Passive House Assemblies
Affordable Apartments

Type IV-C
All framed walls are
metal stud

e —— —f 4 4
_ — r 4
g—rn——3§ ==4/ /

— TN /
' =4/ 4

4 =

C g\

4 . ;

L N )

Y4 ' !

o Iy

Type llI-A
All framed walls
are wood

-
-hs

-

Can have exposed
Mass Timber at
ground floor

i — e [
-‘ =
By, B v
", A\
"
"

—f———— )

Type |
Concrete Podium

(or FP steel)
at ground floor

Y

PH Mass Timber PH Stick Frame
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Embodied Carbon Results
Affordable Apartments

Significant impact
from large PV but
Impractical scale

Mass Timber
uses more
WOOd

Eliminate
Concrete
podium

800,000

Negligible
differences

756,146

/00,000

600,000

300,000 -

400,000
317955

300,000

kgCO2e

207,765 207,500 206913

200,000 -

100,000
58,100

43,200
i B
- 4200 225 kW 270 kW 517 kW 1224 kW
: 12% NZE CODE 22% NZE PH 42% NZE PH NZE PH
-100,000 e R
Code PHMT PHSF Code PHMT PHSF Code PHMT PHSF Code PHMT PHSF
Concrete Steel Wood Insulation PV Array

Embodied Carbon of Major Materials (Full Life Cycle with Biogenic Carbon)
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te Renewable Energy

S
Affordable Apartments
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On-Site Renewable Energy

Affordable Apartments
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Passive House Typical Assemblies
Climate Zone 4c

e As building scale increases, differences in R-value become minimal
e Compact efficient forms result in simplified assemblies

e Deeper cavities (stick frame) are cost effective for insulation

e Continuous insulation better addresses thermal bridging

e Airtightness and thermal bridging can be biggest challenges to PH
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Selecting Low Carbon Insulation
Cavity Insulation (per 100sf @ R-8)

Closed Cell Spray Polyurethane Foam  Closed Cell Spray Polyurethane Foam  Fiberglass Loose Fill Mineral Wool Batts
(HFC Formula) (HFO Formula)

- —

Open Cell Spray Polyurethane Foam

—5 7

522 kg CO2e 138 kg CO2e 116 kg CO2e 95 kg CO2e 90 kg CO2e
Fiberglass Batts Wool Batts Cellulose Loose Fill Wood Fiber Batts Cellulose Dense Pack

,; o. ‘..!..

e

/f ‘ |
Y Y

»

*

.
-

-
“~
-

N

‘ B

¥ A8
o

o

. .
N
.

B R

-

NI ST o
" *,' i | ' T
\)““ e, 3 : .er.'-“‘ .
73 kg CO2e 73 kg CO2e -60 kg CO2e -74 kg CO2e -141 kg CO2e

Negative

Values obtained using BEAM Estimator
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Selecting Low Carbon Insulation
Board Insulation (per 100 sf @ R-8)

Extruded Polystyrene (XPS) Foam Glass Extruded Polystyrene (XPS) Expanded Polystyrene (EPS) Graphite Expanded Polystyrene
(Legacy Formula) (Reduced GWP Formula) (Type IX Density) (Type IX Density)

Highest

1321 kg CO2e 315 kg CO2e 221 kg CO2e 132 kg CO2e 82 kg CO2e

Mineral Wool Board Polyisocyanurate (Polyiso) Cork Board Wood Fiberboard Straw Board

63 kg CO2e 42 kg CO2e -78 kg CO2e -102 kg CO2e -1308 kg CO2e

Negative LEVER ARCHITECTURE

Values obtained using BEAM Estimator




Selecting the Structural System
Mass Timber vs Stick Frame

Mass Timber Advantages Stick Frame Advantages

e Speed of construction e Cavities for insulation

pre guw 7. *% 4
. ' 0 7/
/1 ¢ il VAR AN 57
' ‘ (," \
a“' I ) (‘“ ! ’ //
| | | /
»’v", v.F ..".j ,.| y

/ /A M
: i/ F / y
) ’
AW y
\‘ 4
OO/ |/

e Low carbon cavity insulation

e Reduced floor to floor height
e Less wood fiber

e No concrete podium req’d

e Aesthetic qualities e Cavities for services

e Easier to field modify

A LZoEl) Sy LESELE NN LESEY Uy BT

e Fire resistance of structure

B e B e i T =g : ‘//'/
7 7 Y /4
/

e No specialized labor

e Simplicity of construction

’
- g
v ANS
Ry L
;

e Fewer layers
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Selecting the Structural System
Concrete Reductions

Mass Timber
Topping slab = significant CO2e

Wet assemblies = longer schedule

Stick Frame over Podium
Podium = significant CO2e

Podium = longer schedule

Below Grade Parking
~200% increase in upfront CO2e

Mass Timber (Type IV-C)

No podium = CO2e reduction

Earthwork, waterproofing, core, etc

Aesthetic of exposed mass timber

Longer schedule Non-combustible metal framing required

Typical 4 Story Office Building Typical 6 Story Apartment Building

LEVER ARCHITECTURE



Selecting the Structural System
Hybrid Approach

Stick frame exterior walls

o cost effective for cavity insulation
o prefabricated for speed of construction
o lowest embodied carbon insulation

¥ ._—'|.: 8 1 1 _ g = .-__:T:
8/ ; [ 1
{558 .x/v | )
A
/ /
4 7
/. !

Mass timber floors and roof

o for speed of construction

o aesthetic appeal (exposed)

o dry assemblies for speed

o dry assemblies for low carbon

v 4
ly !
!

A

MEN TG )
mﬁ 5/
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Embodied CO2 vs Operating Emissions

Code Minimum vs Passive House

216 kW Energy Positive Passive House

(Net Zero Carbon in 25 years)

T - i - — - —— — T — — . — —— ——— ———————— " —

{8
: : T
28 § czmmzzar.an WA B
M ﬁl I gyt ¢ J" ('
> > ‘:"

“ ] o

354 kW Net Zero Energy Code Minimum

(exceeds available roof area)

Passive House Advantages

Uses 52% - 67% energy vs code minimum

Smaller PV array to reach NZE

Possible to be energy positive on smaller projects
Improved comfort

More resilient to extreme weather events

Better indoor air quality

Increased durability

Reduced mechanical system sizes

Passive House Envelope

e Reduced operational CO2 between 7% - 14% annually
e Increased embodied CO2e between 1% - 10%
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How to Create Low Carbon Buildings
Townhomes

Strategies for 2-3 Story Townhomes

Build to Passive House

Compact forms for efficiency

Minimize concrete foundations (crawlspaces?)
Stick Frame to maximize cavity insulation

Source wood products from local and verifiable sources

Prioritize cellulose and wood fiber insulation

Minimize use of foam or other petroleum based products

Incorporate bio-based materials wherever possible

LEVER ARCHITECTURE



How to Create Low Carbon Buildings
Black Business Hub

Strategies for 4 Story Office

Build to Passive House
Eliminate below grade parking

Mass timber structure for speed / aesthetics / flexibility

Use dry assemblies in lieu of concrete topping slabs

Stick frame exterior walls to maximize cavity insulation
Source wood products from local and verifiable sources
Prioritize cellulose and wood fiber insulation

Minimize use of foam or other petroleum based products

Incorporate bio-based materials wherever possible

LEVER ARCHITECTURE



How to Create Low Carbon Buildings
Affordable Apartments

Strategies for 6 Story Housing

Build to Passive House

Eliminate concrete podium if possible

Mass timber floors for speed / aesthetics / reduced height

Use dry assemblies in lieu of gypcrete topping slabs

Stick frame exterior walls to maximize cavity insulation

Source wood products from local and verifiable sources

p 7 B e ,—i-'; ,.f‘fg‘?.-\x g s & -
[ p) e oo . . .
i 'ﬁ' b T “ﬂ“ e .
]
O . TS . o
{ y;(':i Vi
._ o

Prioritize cellulose and wood fiber insulation
Minimize use of foam or other petroleum based products

Incorporate bio-based materials wherever possible
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How to Create Low Carbon Buildings

Conclusions ==
Carbon modeling is in its infancy with many uncertainties =3 '

Data accuracy is challenging when comparing wood buildings A I

Know the stages of embodied carbon

Be skeptical of zero carbon building claims

Understand that all wood is not equal & ;

Look for verification of performance claims S e
PH strategies are not the same as PH certification A e———rg
The whole is usually greater than the sum of its parts -

rﬁ«“ RS f')"' ._37;5,;’?5?,'5.
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A BiO' based Case StUdy Jeanne d’arc Nursey School in Paris France

Wood Clad Exterior

7Huﬂhl|llllﬂ|

_ e —_——_ — =y — A e

MT, Straw Panels, Wood. Fiber

)

Passive House Certified

Atelier Desmichelle Architecture + La Architectures



Thank you

Jeff Stern

Senior Associate

LEED AP | CPHC
jstern@leverarchitecture.com



