Embodied Carbon Reduction:
Guidance, Steps, Results
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Let's Talk About

ANSI 1500

* Analysis Tools

* Operational and Embodied Carbon: Modeled Versus Actual
* Drivers

* Action Iltems

* Case Studies

* Questions/Answers/Discussion
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RESNET/ANSI Standard 1550

The RESNET/International Code Council
Standards Development Committee 1500 —
Embodied Carbon is responsible for proposed
Standard RESNET/ICC 1550 to provide a

standardized method to calculate and report the
embodied carbon impact of homes.



RESNET/ANSI Standard 1550

HERS ratings and the HERS carbon index are a very
large and growing part of the residential market.

Raters also provide services for PHIUS, Energy Star and
DOE Zero Ready Homes programs.

Creating a standard that enables HERS raters to create
an embodied carbon assessment using the same area-
based models they already build to do their energy
ratings.



Tools for Analysis

Individual

Retrofit

TOOL e | Pclosure Material iceAsEse | S Residential |  Avoided il
Hotspot Comparison Comnareon Carbon i Building LCA
Autocase X
BEAM X » ¥ 3
Building Ease b
CARE X
COVE X
EC3 X
elool X X " X X X X X
Kaleidoscope X
OneClick X X b X X X X X
PH Ribbon 3 X
Tally X X X X X X X X

ZGF




Tools for Analysis

o i I “hv-ci ial M~ BUILDERS FOR
Direct side-by-side materia CI.‘MATE ACTION

comparisons
* Assembly comparisons
* Design development

* Whole building models and
comparisons

* “Alternative” materials with EPDs
or LCA studies




Tools for Analysis

- INPUT DIMENSIONS

on the project sheet.
ex: 100 m? of exterior walls.

Project Information Basic Instructions
Project Name Conatruction Ywar - 1. Fill n thils ahat s coiding 13 1he Iecul Lagesd abare,
Butigner Mishar:of Badchoms Tije! M your plies n: Tid, ki gl B 15 e Bl e
Englneat ‘Baorfes Above Grade ook 1o helfp ke measureTarcs from them
Buildar | Davelopar Tatal Floor Ares i PEFTme
Development Project Above Grade 1 Specity matesiads m the section sheets xied song the
Comtifiomst Aren o bateem from “Featings & 5 o Garsge.”
Address Belaw Grade Canditisaed Arés m* | Thiesequance i nol impostant
Ciry
Provinee | Elnke (Can./US only) 3. Review material salections in the REVIEW sheet.
v &, View matorisl carbon nemults in the REELLTS sher
Bullding Type
Constrsction Type Fox Full imalies oo el mairs, 5o (e
Project Develapment Stage AN lver's Duitle
Building Dimension Inputs (uing Garage)
DIMENSION NAME aty  UNIT DESCRIPTION USED TO CAl TAKE-OFFS FOR
Limgeh {m HElght [m) Widis ) Continuous (akn ‘sirg”] foundation wall foatiogs
COMTINUOUS FOOTINGS: VOLUME 00 m
1 Jx[ 15[ ] cstods guge  (@1E0GF 9y
COLUMN PADS & PIERS VOLUME me Tl volems of dsconbinupas column fostings, pad, piers, wic, DBiscondinuous faoling elmers aside from
Fihidrs paragn foofings {ext. and int )
Total fsandation wall surfuce ares (centerin length » helght) & brsement wall insulaticn (e and int ),
FOUMDATION MALL AREA 100.0] m Irciudes: besemen, pacty willy. Eaysen apanng, gamge foandtion Interiar framing, and wall cladding
¥ Tirtal foandation skal surtsoce aren Apgragale base, sub-alab sl stion, slab, and
FOUNDATION SLAB AREA 1000) m e g ey hasement [1ooring
RIEA e Felace piea of exierior welly Framing, imstation, sheathing, exteraor ciadding, and
esdes: gobie tnds Entludes. mntom & deor opssings, party wels, garage waly Interior chadding of exterion walls
WINDOW AREA Al uwwlrmw;l:n:m;muw Openings Windows o main budding
Wall wrea that pariitons this und from oihers Farly wall iarming, inschatinn, sheaitg, and wisiur
PARTY WAL ASEA Ll Typienl nu..g.Eu.‘...gn.. ks dn‘:inn » i
e sicde withy (|2 cenieniing) of il iterior walls. Interior wal| Iraming and cledding [assures both
INTERIOR WALL AREA W et Eachion satek [T sides of walls e faished by dstaun)
Above grade Docting wrea
FRAMED FLOOR AREA S Ve i, M s g Floa framéng, sunfioos, floar muulazion, firash floanng
Teta! Anlshac casing ares
FINISHED CEILING AREA e Tl ::_ TRE— Ceiling cladding
Area gssccizted with raof insulatioa
ROOF IMSULATION AREA 100.0 m* ok ol 61 cle ey ity Mo el Flat or sloped roof inseation
Rofing surfane sres Cabosioled with roc! pilch Fool framing, decmg, voofing, and insulation parallel
RO0F SURKAGEAREN T e urhirgs e ro nurfsee
Tetut volune of wood in hesvy tmber posts & beamy
TIMBER FRAMING VOLUME W cteiapa for sk frnid i et 2 Mass lmber raming sisments

B Imroduction I B PROJECT -

B Footings &5labs - @ FoundationWalls - B Structural Elements - 8 Ext. Wall "‘ E E BA

Energy & Environmental Building Alliance



Tools for Analysis

2- SPECIFY + SELECT

on the section sheets,
Specify additional factors -> e.i.

ex: Compare 100m? of different cavity insulation
with R-Value: 20 and select materials by
checking the box.

e

sEcTion comeLETE?. [T

CATEGORY MATERIAL
STRUCTURAL SHEATHING
GYPSUM PANELS
Gypsum panals -glass mat / USG ¢ Socurock Expait 430 F 1T
Gypsum panels - glass mat | 578 Type X/ Gypsum Association industry Amg
| M.Amarica]
Gypaun panels - glass mat | 1/Z" / Gypaum Association [lndustry Arg |
H_Amevica|
ORIENTED STRAND BOARD (DSB)
0SH shoathing / 5/ | AWE & CWC [industry Avg | US & EA]
050 sheuthing / 1/2° | AWC & CWC [Industey Avg | US & EA]
PLYWDOD

Plyweod | 3/4°/ AWC & CIWC [industry Avg | US & CA]
Piywood [ /8" | AWC & CWC [lnchsstry vl 15 2.0
? I [Inchastry Avg | US & CA]

Wood | SPF / 304" boards / ANC & CWC [Indueiry dwg | US & CAJ

CAVITY INSULATION

HIGH R-VALUE CAVITY INSULATION
Bawegel Blanket | Asonn Anroguds £ RS, ffinch

SPRAY POLYURETHANE FOAM - HIGH DENSITY

Spray polyurethane foam - High Density (HFC gas} / R €.3finch / SPFA
[imdustry Avg | US & CA
Sgpray podyurethane foam - High Density (HFD gas) [ R 6.5/inch | SPFA
Iimdustry Avg | US & CAl

SPRAY POLYURETHANE FOAM - CLOSED CELL
Spray polyursthase foam - Closed Cell (HFE gas) / B 6.6/inch / SPFA
imdustry Avg | US & CaJ
Spray polywrethane foam
limdustry Avg | US & CAl
Spray pedyurethane foam - Closed Cell (M0 gas) / Hunteman ( Heatlok Soya
HFD & Heatlok HFD [ B & Sfinch

- Closed Call (HFO gas) / R &.47inch | 5PFA

IR AY POIYIRETHANE FOA CELL
For : i

Wiool ¢ Havelock Wool | Loosefill / B 4 4fiech
Wool / Havalock Woal / Batts / R 3 &finch

MINERAL WOOL BATT INSULATION
Miressl woal batt / Coers Corning ¢ Thermaafibe: Ultiafatl ! B 4, Winch
Mirerl wool bat f Eochwoal / ComforiBatt A24 (5 5°) / R 4L &nch
Misweral wool batt / [BEAM Avg|
Mireral woal bt ¢ Rockweal f ComforiBant §15 (3.5 / R 4.3nch
Mirerai woal batt / Rockweal ¢ SalewSound, Comfondstl / R 2.Efinch
Mireni woal bam ¢ Rocoweal ¢ ComforiBar R4 (3.5 / R 4 Dfinch
Mireml wool batt ¢ Rockweal | ComfortBart H22 (5.5 ¢ H 4.04nch

Mirend wool batt / Rociowcol / ComforiBatt R24 55 [6° Steel Suds} /
4,0finch

QUANTTTY UNTE L) SELECT

SUBTOTAL (kg C00)

NET EMISSIONS
(g €08}

EMISSIONS
(kg £Oy0|

STORAGE
(kg GO )

8 PROJECT - @ Footings & Slabs - 8 Foundation Walls =

wom  100% O 611 611 0
000m 160% [ 542 542 0
1000w 0% [ 4an an 0
woom s O 385 385 0
weom 0% O 308 308 0
woom  100% [ 418 118 0
100w o [ 349 349 0
1000m 1005 [ 279 279 0
po.0m  100% [ 120 120 0
l-'I'AI.I}Em
woom 00 [0 5,499 6,499 0
wo0m 0% O 5,995 5,995 0
1w0.0m Wi O 1,744 1,744 0
100m  00% O 4,635 4,635 0
woom  100% O 1,465 1,465 0
woom e O 882 882 0
0 ps O 500 500 0
100.0 m* 100 (-] 620 349
100,0 m*  100% 354 926 573
1000m 0% O 1,409 1,409 0
wo.0m 0% O 600 600 0
woom oo [ 597 597 ]
woom e O 61 461 0
1w0.0m  W0% O 461 461 0
woom 00k [ 415 415 ]
woom  wes O 45 415 ]
8 Structural Elements ~ B Ext. Walls ~ B Party

Energy & Environmental Building Alliance



Tools for Analysis

3- REVIEW

materials selection on the
review sheet.

Quickly identify selected materials with
and lowest carbon footprint

.Z

timare REVIEW PROJECT MATERIALS s | 1359 | 1

CATEZORY MATENAL L3 [.HlﬁEJl.Jﬁﬁ Cll‘l::: ::ZS-:IDIH I.lﬁl;]qﬂc;‘:?ilﬁ
CONTINUOUS COMCRETE FOOTINGS Comcoety - 038 WP, 0148 AL G cm‘!m—iwltﬂ 1225 mfs L]
COMCRETE ILABS Goneort = 0:28 MPa, 01 RAEL OU { CANICA Intiesry ag | CA] ]ﬂ 2645 [ ]
REBAR FOR CONTINUOUS FORTINGS Voetaer { Comzrgte Resrdpocing Soeel Tvattute [Iodustry dvg | MoAmmrce] f 10M B0 [1:] ]
REMFORCING MESH FOR 1LAD Whelderd ware memt / Sertas § 0 06 8 GG { Moteay 07 107 [ ]
UB-SLAR INSULATMON EFE fmm soan [ B 4 07mch vy [HERKA ey (LS8 CA] &858 B56 L]
ACGREGATE BASE hpgrogate | U dretage [idurty deg 106 106 L]
| COMDWETE FOUNDATHIN WALLS Gomcreln - 0478 MPa B 1A% FAZSL, Bl 7 CSMCA frdesry Aeg | CA] s28 928 -]
- REBAR FOR POUNDATION WALLY Pty | Conerete Reiedmoiag Swel bastitine (vt dey | Modmericd|f 180 L] Ll ]
PG foumt board { B 3 inca JDTAM Avg | U5 ECA I am L]
oo GFF { ok Lumbe § M & CWE [lodestiy dug | U5 & CA] 256 256 L]
Thyws 107 AT B WO (Ve g sy | 115 R CAf m e [ ]
Woed | Fivekek M [ Laoae s R A Lneh m 20 e
TN mlr'hnbwd; GATER / bl Tarin | A3 Brwch, 3060, B0, V0%, 129, 140, 160, T80 am 57 _—
ADENTIONAL MATERIALS i e AN b kL) 03 L]
EXTENIOR WALL CLADDING Fibser Comen (lagging ¢ James Hardw | Handie™ank | i m 681 T34 51
| STRAPPING | FUREINE W ¢ BPF | VL ¢ BN B EWE bty g | 115 4 CA 1] 11 [ ]
INTERIOR CLADDING Fidf EXTERION WALLS Dyl 173 [EAM Ry | 54 24 163 163 L]
INTERIOR CLADOING FOR EXTERIIN WALLY Unonall &K Typoe X J Oppraiem dmascation Jndisiry gl LS K CA] L] L1 [ ]
WINDOWE - DOLRLE-OLATER Wirsdiow - cousle-giaasd Vingt trame | HCA Stady R & €Al ‘.77.. 1,770 (]
LIGHT WOOD FRAME INTERSIR WALLS Woog ! BPF / Lok Lumber ¢ S0C & CWE Tndsary Aeg (U5 4 CAl 16 16 ]
LIGHT WOND FRAME NTERAIR WALLS Wome | FF ¢ Jed Lumber ¢ 0T & AT [indery bog | US & 0A] B B [ ]
CLADDING P8 INTERIOR WALLE Drwnll 177 REAM & | L% 8 CA4] arn in ]
LIGHT WOOD FLODR FRARMING Wooc | jorm | T IGO0/ 9077 Dupth /| AW B CC {industry dag | LS BCA) 129 12% [ ]
UB FLOCEING [pwvand 1T/ MNC B CWE [Istustry dug | U8 CA) 75 75 L}
Fibenghaia bam /B EAM gl 20 0 [ ]
Urpowall 172" [HEAM A | 55 & 2A] 253 253 (]
oo BPF | 212 Lamber s AWE BEWE [imustry by | LB C4) 134 1 L]
:ﬂnh Sl | Caned a0 Shoat Souel Buliding hacture ! 14 juage Inda sy Aeg | 1182 1182 8
Tellsbine f boa 1l 1 R L7/ | SMA [lstientiy Avg | US & 4| -4 190 b4

Ppwnce 1,13 AWTE R 00 [tuamiy o | (180 70

Windows = 8 Int. wWalls - 8 Floors = B Ceilings = 8 Reof = B Garage - B REVIEW = 8 RESULTS -

VaNEEBA

Energy & Environmental Building Alliance



Tools for Analysis

|IMATERIAL CARBON
PROJECT RESULTS

Carada

gl House
Congliuchon Complete

4- SHARE —
materials carbon results from the
results sheet. g

11,745 | sgeo.e | | 128 [saco.em|

100 i o

Represents the carbon footprint for the structure,

enclosure and partitions of the whole building. e ValNEEBA

Energy & Environmental Building Alliance

Windows ~ B Int.Walls - & Floors ~ B Ceilings ~ & Roof ~ @& Garage ~ @ REVIEW - & REsuULTS - ||




Tools for Analysis

5- Save, Compare e ,m R

and track multiple projects. ——

Load project

Toggle units (Metric<>Imperial)
Using the BEAM menu you can : | Clear this section
-Save projects Get support
-Load previous project Get training
-Toggle units between Metric or Imperial Donate
@ introduc 8 8 Footings a w 8 o

Ext. Wall

yaNEEBA

Energy & Environmental Building Alliance



Energy Use

Intensitx,
Carbon EqlUivalent

Usage
Embodied Carbon Accounting



(g
LTI

T

511 E 86th

Columbus Commons

Hotel Marcel

211 W 29th Cornell Tech
Site Energy Consumption kBtu/sf.yr

Predicted Actual Predicted Actual Predicted Actual Predicted Actual Predicted Actual

Heating 0.42 3.75 0.81 1.36 0.6 3 e | 1.06 5.2 B b T

Cooling 0.79 1.09 1.18 1.39 0.4 4.1 0.92 1.9 1.34 3.8

Domestic Hot Water 4.53 9.4 5.81 10.04 4.4 9.1 5.88 7.8 2.69 8.4
Lighting and Plug Loads 8.48 16.63 7.21 20.02 9.7 2.9 9.81 16.94 20.49 42 9
Total EUI 14.2 30.69 15.0 33.1 15.1 23.2 17.7 31.8 301 B62.3




Energy: Modeled vs. Actual Emissions

Columbus Commons Hotel Marcel Canaan Parish
5 Stories over Amenity/Retail, 80 units, 110,600 GSF I e alelia s 0L DIEE 4 story MF, 40 units, 61,500 GSF
VRF, HPWH, ERV ASHP, NG Tankless, Exhaust Only
ASHP, NG Central DHW, ERV
) . Modeled EUI 30.1 . 3
HERS Range 37-43 CHE:E R?”ge :{2 :ﬂ
Carbon Index 48-53 First Year, Actual EUI 62.3 Srbon naex S
Modeled Total Building EUI 15.0 Modeled EUI 35.0
*
Actual Total Building EUI* 18.0 Second Year, Actual EUI 42.0 Actual Total Building EUI* 45.0

* July 2023 - June 2074 *After Final Cx, and HP Dryers replaced Electric Dryers # July 2023 - June 2024




Hotel Marcel vs. Industry Benchmarks

EUIl by End Use

B ElAbenchmark [ Hotel Marcel

Water heating ]

Space
heating/cooling

Ventilation
Cooking

Lighting

End Use

Office equipment
Computing
Other

0 2 4 6 8 10

EUI (kWh/square foot)

Source: EIA Commercial Buildings Energy Survey 2022



Energy: Modeled vs. Actual Emissions
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Energy: Modeled vs. Actual Emissions




Operational Carbon Emissions

5 Stories over Amenity/Retail, 80 units, 110,600 GSF

Canaa Parish

4 story MF, 40 units, 61,500 GSF

Operational Carbon
A 148,948
Emissions (kg CO.e oyr)
Operations| Carbon 135
Emissions (kg CO,e/sf -yr) '

l Actual kBtu/sf-yr 18 l

Operational Carbon
o 207,984
Emissions (kg CO,e «yr)
Operations| Carbon 338
Emissions (kg CO,e/sf -yr) '

[Actual kBtu/sf-yr 45 ]




Embodied Carbon Emissions

Footings & Slabs 97,535 kg CO,e

Structural Elements 29,112 kg CO2e
Exterior Walls 50,984 kg CO2e
Party Walls 19,625 kg CO2e

Windows 55,620 kg CO2e
Floors 65,009 kg CO2e
Roof 64,584 kg CO2e

Garage 0
NET TOTAL 644,717 kg CO.e

Canaa Parish

4 story MF, 40 units, 61,500 GSF

Average home is ~184 kg CO,e/m? Gperational Carbon N
Canaan Parish ~113 kg CO.e/m? Emissions (kg CO,e .yr) '

. 2 Operations| Carbon -
Canaan Parish ~130 occupants Emissions (kg CO,e/sf -yr) |

yaNEEBA

Energy & Environmental Building Alliance



Drivers



Code
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Code

24 |ECC

G INTERNATIONAL ENERGY
CONSERVATION COOE

yaNEEBA

Energy & Environmental Building Alliance




Code

APPENDIX CD THE 2030 GLIDE PATH

This voluntary appendix is suited for adopting authorities that
wish to extend beyond the mandatory provisions of this code
toward zero net energy goals. Appendix CD is intended to be
adopted by jurisdictions that will require new construction to
operate at zero net energy by the year 2030. It reduces the net
annual energy use of buildings by approximately one-third in
comparison with buildings constructed in compliance with the
2021 IECC. It is assumed that the 2027 and 2030 editions will
also reduce energy use by one-third each.

VANEEBA

uilding Allia



Stretch Code

No | < the conditioned Yes
floor area >12,000ft27
Mo Are there any dwelling Yes
units with conditioned
floor area =4,000f?
" R404.4 EV Ready and | [
RA0S Passive House and R404.4 EV Ready and
RC101.3 Net Zero and RA0S Passive House and
. RC102 Zero Energy o RC101.3 Net Zero and
*  RC103 All-electric or *  RC102 Zero Energy or
| *  RC104 &RC105 Mixed-Fuel | | * RC103All-electric
. P4 ‘.\_

No Are there any dwelling Yas
units with conditioned
fioor area »4,000ft?

e T, N
2 EV Amady R404.4 EV Ready and
R405 Passive House or
RA06 HERS * R405 Passive House or
i * R406 HERS
AND
RC101.3 Net Zero and
* RC102 Zero Energy or St
+  RC103 All-electric or . oeins ﬂﬁ”le::r';“‘”
*  RC104 & RC105 Mixed- \ ~electric
\ Fuel y e ~




Ordinances, Articles, Carrots, and Sticks

Boston’s Building Emissions Reduction and Disclosure Ordinance (BERDO) -
requirements for large existing buildings to reduce their greenhouse gas

The Building Energy Use Disclosure Ordinance (BEUDO) —
enacted by the Cambridge City Council

Estimated average ranges for compliance (2025-2050)

B Min Cost B Max Cost

$500,000.00 (_\

$480,000.00

$400,000.00
$400,000.00

$320,000.00
|
3
>  $300,000.00
—
o $240,000.00
o
E $200,000.00 $180,000/00
§., T REER A $150,000/00
& $120,000.00 120,000/00
$90,000.00
$100,000.00 $80,000.00 <60 000

$40,000.00 $45,000.00

$15,000.00

$30,000.00

$0.00
25,000 50,000 75,000 100,000 150,000 200,000 250,000 300,000

Resource: Harvard Square Building size (Square feet)



https://www.harvardsquare.com/beudo-resources/

Ordinances, Articles, Carrots, and Sticks

FLHTHIHTY

ARTICLE 37 GREEN BUILDING AND

Low Embodied Carbon Building is a building or structure that has been designed,
engineered, and constructed to minimize and mitigate greenhouse gas
Emissions from the extraction, harvesting, fabrication, transportation, installation,
maintenance, and disposal of building products and materials, and from other
construction-related activities, in accordance with the standards of Article 37-5.4.



Mass Stretch, Carrots and Sticks

Clean Energy Application HERS Target HERS Target with R406.5.2 EC Credit

Mixed Fuel Building 42 45
All-Electric Building 45 48

Add Subsection R406.5.2, Embodied Carbon Credit

1. Insulation: new dwelling units that demonstrate a calculated insulation GWP intensity
(kg CO2e/ft2 ) less than 0 . . . based on table default values, or product specific EPDs
or calculations in the approved tools: EC3 and BEAM, may be used . . .

OR
2. Low GWP Concrete Mix Credit: new dwelling units that demonstrate a calculated

concrete mix GWP < 70% of the 2022 NRMCA Northeast Benchmark average . . .



Northland Newton
Embodied Carbon Case Study

Overview

Material ing! nts Using the data included inthe Carbon Leadership Forum 2021 Matenals Baselines Report, specifications were written that identified lower
embodied carbonta;gets than the avarage for structural and enclosure materal components.

+ Mass timber {cross laminated timber floor plates and gulam posts and

CLT Fioor Flates and Glulam Structure beams) were used as the main structural components, reducing reliance on
Roof-Level Concrete Topping Yes Na No concreteand steel.

Structural Slab Reduced from 12°104° No Yes Yes - CLT was usedas the structural diaphragmat the rooflevel, eliminating
Low-EC Concrete No No Yas concrete entirely.

Low-EC Minaral Wosl Instilation No No Yes + 12" reinforced concrete structural slab on grade was reduced toa 4" sail
GWP%% Reduction From Steel Baseline 0% 44% 50% supported slabon grade.

Primary Contributing GWP Materials

Cliertt Structural Mass Timber Design Assist
1% Ready-Mix Concrete, 4000PSI Northland Investment Corp. Odeh Engineers TII’TIbE‘TLE‘lb
115 Cross-Laminated Timber (CLT) and Glue-Laminated Timber {glulam)
179 ¥PS insulation Boards = N i e R : O Labatmak b e TRT O indanm sty Asals
| Construction Manager Sustainability Consultant Sustainability Assist
Flat Glass I / / PI’DJECT Team Cranshaw Construction Steven Winter Associates Lambert Sustainability
54% Concrete Masonry ey
10,058 kgCO2 GWP of design without Biogenic Architect
190,910.82 kgCO2) GWP of Design Including Biogenic Contribution Stantec Architecture
Embodied Carbon Comparison = ;
- C CLEAN ENERGY
= aes CENTER
400 =
»
. | Lessons Learned EMBODIED CARBON
300
|

M Enclosure Start early witha preliminary analysis and set targets for

) REDUCTION CHALLENGE

Engage the construction and design team to reduce the amountof

Glabal Warming Potential Intensity (kaCOe/m)

N ] . Structure structural materials necessary.
) THE CHALLENGE: REDUCE UPFRONT CARBON OF BUILDINGS
R Work with vendors and manufacturers to ensure cost and availability and
- - Eotrdations request EPDs in specifications.
o . Investigate structural design to reduce the amount of material needed,
Proposed Baseline

BUILT
ENVIRONMENT
PLUS



Action



Adhnner________
j

Net Zero As-BiI

83% MCE from4 | i
material categories : |

d  Concrete :I
d  Cladding ||
J Insulation 'l
. Interior Surfaces |
|
i
|
]

Net Zero As-Bullt - 1otal © 45,998 Kg LUZe

VAaNEEBA

Energy & Environmental Building Alliance



Concrete

Reduce Massing
Optimize Required Strength

Optimize Formulations: SCMs, PLC/Type 1L
(Limestone), Gap-Graded Aggregate

Engage SE, CM, Ready Mix to Secure Lowest %
GWP Reduction at Best Cost

Emerging tech: Pozzotive, Biochar, Natural
SCMs/LC3, CarbonCure/Solidia

Novel Tech: Sublime Systems, Prometheus yalNEEBA
Materials. Blue Planet



Action Items

Cladding
Net Zero As-B

83% MCE from 4
material categories :

4 Concrete 1 0,390

d Cladding
1 Insulation
d Interior Surfaces

,.'!
[

VaNEEBA

- Energy & Environmental Building Alliance

Net Zero As-Built - Total : 45,998 kg CO2e



Framing and Cladding

Reduce Massing

Optimize Required Strength (framing) / Optimize durability with
rainscreens, species selection, etc. (cladding)

Wood Studs vs Steel Studs / Wood vs Fiber Cement

Do The Math and Know The Source: Mass Timber GWP Can
Vary, Impacts Beyond GWP

VANEEBA

uilding Allia



Framing

CATEGORY

QUANTITY UNITS

SELECT

13
EMISSIONS
kg CO,e

GROSS
EMISSIONS
kg CO,e

STORAGE
Short Cyele
kg CO,

STORAGE SELECT
Long Cycla Long
kg CO, -l Cycle

LIGHT STEEL FRAMING - 16 GAUGE (2X6)
Steel studs - Load bearing / Steel Framing Industry Assn / 600-S-137-54, 16 gauge
[Industry Avg, US & CA]

Steel studs - Load bearing / Scafco / 600-8-137-54, 16 gauge
Steel studs - Load bearing / MarinoWARE / Structural stud and track / 600-S-137-54, 16
gauge
Steel studs - Load bearing / ClarkDietrich / 600-5-137-54, 16 gauge
LIGHT STEEL FRAMING - 20 GAUGE (2X4)
Steel studs - Non-loadbearing / Steel Framing Industry Assn / 362-S-137-54 20EQ
gauge [Industry Avg, US+Can|
Steel studs - Non-loadbearing / Scafco / 362V5125-18, 20EQ gauge

Steel studs - Non-loadbearing / MarinoWARE / Viper Stud Viper 20 / 20EQ gauge
Steel studs - Non-loadbearing / ClarkDietrich / 362-S-125-18, 20EQ gauge

200.0 ft?
200.0 f?
200.0 fi2
200.0 ft?

200.0 ft?

200.0 ft2
200.0 ft
200.0 fi?

100%

- 100%

100%

- 100%

100%

- 100%

- 100%
- 100%

0000 0000

449
605
456
438

108

146
110
106

449
605
456
438

108

146
110
106

oo oo

oo o o

oo oo

oo o o

FRAMING LUMBER - SPRUCE-PINE-FIR
Wood / SPF / 2x8 Lumber / AWC & CWC [Industry Avg | US & CA]

Wood / SPF / 2x8 Lumber / Surfaced Dry Softwood Lumber Produced in British
Columbia

Wood / SPF / 2x6 Lumber / ANC & CWC [Industry Avg | US & CA]

Wood / SPF / 2x6 Lumber / Surfaced Dry Softwood Lumber Produced in British
Columbia

Wood / SPF / 2x4 Lumber / AWC & CWC [Industry Avg | US & CA]
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Cladding

NET GROSS STORAGE STORAGE SELECT

EMISSIONS EMISSIONS Short Cycle Long Cycle Long

CATEGORY MATERIAL QUANTITY UNITS % SELECT k CO.e kg CO.e kg CO,- kg CO, w Cycle
FIBER CEMENT SIDING ' '
Fiber Cement siding [BEAM Avg] 187.8 m*  100% O 1,248 1,555 307 0
Fiber Cement siding / Equitone / Pictura, Natura Pro, sheets / 8 mm [EU] 187.8 m2  100% O 2,626 3,062 436 0
Fiber Cement siding / Equitone / Linea|Lunara sheets / 10 mm [EU] 187.8 m? 100% O 1,209 1,465 256 0
;|::§;-rit(;§$a:;!t.:;ilglngst-a?;;I;I;rd|e { Hardie Plank HZ5, Hardie Panel HZ5, Hardie 187.8 m? “ 100% | O 1,107 1,433 326 0
;rrlz:iritﬁ;n?;lt;;:;EH%%?%S:?TIE { Hardie Plank HZ10, Hardie Panel HZ10, Hardie 187.8 m? | 100% | 0 957 1,285 328 0
Fiber Cement siding / JamesHardie / Hardie Shingle HZ5 / 6.3 mm 187.8 m*  100% O 859 1,123 264 0
Fiber Cement siding / JamesHardie / Hardie Shingle HZ10 / 6.3 mm 1878 mz  100% [ 730 960 230 0
NATURAL WOOD SIDING
Cedar Siding / Western Red Cedar Lumber Assn / 1x6 Boards [Industry Avg | CA] 187.8 m? 100% W 324 324 0 1,235 O
Wood / SPF / 3/4" boards / AWC & CWC [Industry Avg | US & CA] 187.8 m? 100% ] 226 226 0 2,718 O
Wood cladding / BurntWood / ReUse with linseed oil treatment / 18 mm [EU] 187.8 m*  100% |___] 635 1,095 460 5,5_23 O
Wood cladding / BurntWood / ReUse without surface treatment / 18 mm [EU] 187.8 m*  100% O 449 449 0 5,628 |:]
NATURAL WOOD SIDING
Cedar Siding / Western Red Cedar Lumber Assn / 1x6 Boards [Industry Avg | CA] 187.8 m? 100% O -911 324 0 1,235
Wood / SPF / 3/4" boards / AWC & CWC [Industry Avg | US & CA] 187.8 m:  100% [J 12,492 226 0 2,718
Wood cladding / BurntWood / ReUse with linseed oil treatment / 18 mm [EU] 187.8 m*  100% O -4,994 1,095 460 5,628
Wood cladding / BurntWood / ReUse without surface treatment / 18 mm [EU] 187.8 m? 100% [l -5,180 449 5,628 |
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Wood Carbon Storage

co2 COo2 c0o2
(30-60 (Lost (Soil o
vears) C&pﬁﬂity) losses) Slash emissions

Mill waste emissions

Kiln emissions

Long cycle carbon storage
comes from feedstocks that are:

- Have multi-decade growth cycles

- Will cease to be a carbon sink if
harvested during growth period
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Wood Carbon Storage

Short Cycle Carbon Storage

co2 €02 02 €02 co2 o2 €0z co2
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Long Cycle Carbon Storage
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Wood Carbon Storage

BEAM v1.1 enables selective carbon storage for timber

PROJECT NAME: Sample Project DOE Prototype
SCENARIO: Baseline
BEAM VERSION: V1.1

LIGHT WOOD FRAME WALLS

SECTION COMPLETE? . []

QUANTITY UNITS

%
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FRAMING LUMBER - SPRUCE-PINE-FIR
Wood / SPF / 2x8 Lumber /| AWC & CWC [Industry Avg | US & CA
Wood / SPF / 2x8 Lumber / Surfaced Dry Softwood Lumber Produced in British
Columbia
Wood / SPF f 2x6 Lumber / AWC & CWC [Industry Avg | US & CA|

Wood / SPF / 2x6 Lumber / Surfaced Dry Softwood Lumber Produced in British
Columbia
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Action Items

Net Zero As-Built -

83% MCE from 4
material categories :
4 Concrete

d Cladding

4 Insulation

. Interior Surfaces

Net Zero As-Built - Total : 45,998 kg CO2e i B ValNEEBA

Energy & Environmental Building Alliance



Insulation

Find the Optimal Thermal Value (don't over-insulate)

Choose Plant Based Products

Avoid Plastic Based Products

Pay attention to the Chemicals (Binders, Fire Retarders, VOC'’s)

VANEEBA

uilding Allia



Insulation

ell Spray Foam

Wood Fiber

yAaNEEBA
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Action Items

Net Zero As-Bi

83% MCE from 4

material categories :
4 Concrete

-
-
-

Cladding
Insulation
Interior Surfaces

Interior Surfaces

5,858

Net Zero As-Built - Total : 45,998 kg CO2e
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Drywall

Specify Lightweight Gypsum Board
~ 550 kg/m?® instead of 800 kg/m?

Specify the Correct & Smallest Thickness

Reduce Waste




kg CO2e

Paint
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Paint

Forbes

in

Paint Is The Largest Source Of
Microplastics In The Ocean,
Study Finds

Jamie Hailstone Contributor ©
Follow
I write about air quality and the environment

TOPSHOT

the .. [+] AFPVIA GETTY.IMAGES

Particles of paint account for more than half (58%) of all the microplastics I

that end up in the world’s oceans and waterways every year, according to a
new study.

Where's the carbon?

Pedosphere 5%

Geosphere 14.9%

Biosphere 1.2%

Atmosphere 1.5%

yaNEEBA
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Case Studies



BE+ EC Reduction Challenge
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BE+ EC Reduction Challenge

Exterior Walls
Roof Decks, Slabs, and Sheathing
Roof Strucural Frame

Floor Decks, Slabs, and Toppings

"111]‘
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Beams
Foundations
o) 200 400 600 800 1000
Thousands kgCO2

m Steel Frame m CLT Baseline m CLT Design
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BE+ EC Reduction Challenge
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BE+ EC Reduction Challenge
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Eagleville Green
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Eagleville Green

CARBON IMPACTS OF INSULATION

kel represents _"..." 23 L M

EXTRUDED POLYSTYRENE (XPS)

CLOSED CELL SPRAYFOAM (HFC) !
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i
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Eagleville Green

Global Warming Potential* (Al-

Manufacturer Product R-value perinch A3) per 1m2
TimberHP TimberBoard 3.6 - 10.3kg CO2e
Gutex [ Thermowall 5.7 -1.2kg CO2e ]
Rockwool Comfortboard 80 4.2 4.937 kg CO2e
Knauf Insul atiotfarthwool ®Insul ation Boar 43 6.075 kg CO2e
Johns Manville JMdCladstone 80 4.2 8.02kgCO2e
) Thermafiber®Fire & 1.33 kg CO2e (Wabash plant)
ns Coming Sound Guard®Plus 3>42 8.78 kg CO2e (Joplin plant)

yaNEEBA
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Eagleville Green

MATERIAL CARBON EMISSIONS BY SECTION

Footings & Slabs 48,230 kg CO.e
Structural Elements
Exterior Walls -8,024 kg CO.e
Party Walls 8,786 kg CO,e

Windows 9,902 kg CO,e

Floors 4,296 kg CO,e

Average home is ~184 kg CO,e/m?
- Eagleville Green ~169 kg CO.,e/m?
.

Average home is 4 beds (5 ppl)
Eagleville is 8 beds (14 ppl)

Roof 4,951 kg CO.e
Garage 0 kg CO,e

NET TOTAL 93,806 kg CO,e [-10,000 MCE (kg COse) 50,000 yaNEEBA

Energy & Environmental Building Alliance




Sample Case Study “Wrap Up” Slide

Net Zero As-Built - MCE Results per material

Cladding

83% MCE from 4
material categories :
(1 Concrete

(1 Cladding

4 Insulation

(4 Interior Surfaces

Net Zero As-Built - Total : 45,998 kg CO2e

VANEEBA
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Sample Case Study “Wrap Up” Slide

Material Carbon Intensities of Different Scenarios

Net Zero Scenarios
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Sample Case Study “Wrap Up” Slide

MCE per Material
50,000 45998 B Structural Elements
i 42,722 M Framing
B Roofing
40,000 B Windows
B Interior Surfaces
35,000 B Insulation
30,000 . Cladding
B Concrete

MCE kg CO2e
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Project Procurement

Sample Workflow Slide

Construction Documentation
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Sample Workflow Slide

Source: Tracy Huynh, Chris Magwood, Victor Olgyay, Laurie Kerr, and Wes
Sullens, Driving Action on Embodied Carbon in Buildings, RMI and U.S. Green
Building Council (USGBC), 2023, https://rmi.org/insight/drivingaction-on-
embodied-carbon-in-buildings/ and https://www.usgbc.org/resources/driving-

actionembodied-carbon-buildings.

Decision tree for embodied carbon analysis

Bulld Necessity

Is reuse or retrofit
considered?

WLCA Compare Compare
retrofit to new b!.l“lﬂnq Project stage
new build options
Carban “ . Are you looking for
Avolded: rough idea or higher
Retrofit resolution data?
Estimator
EARLY GUIDANCE DETAILED GUIDANCE
Indicators Indicators
Rough High
Are you seeking holistic il idea resolution 1 Are you seeking holistic
environmental impacts environmental impacts
or carbon only? or carbon only?
CARBON
WLCA WBLCA ACCOUNTING WBLCA
Co, | ALL Co, | ALL
Early Phase Integrated @ - - PRI E— Revit-integrated
Carban tool Simplified EPD LCA tool
LCA for early database
estimates and carbon
CARBON ACCOUNTING calculator WBLCA

Comparison of
building systems

CARBON ACCOUNTING

Early estimations on
carbon hot spots

Web-based LCA tool

WBLCA

Desktop app
for LCA



Resources

Individual

Retrofit
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