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Overview

* What is the Potential for Embodied Carbon and Codes?
* Material-Focus | Prescriptive and/or Mandatory

* Whole Building Lifecycle | Performance

 What About Energy Codes?

e What Next?



What is Embodied Carbon?

Whole Building Life Cycle
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Cradle-to-grave
Advisory Public Review draft of BSR/ASHRAE/ICC

Cradle-to-cradle Standard 240P-202X, available at https://osr.ashrae.org/




Why Embodied Carbon?

Annual Global CO, Emissions Total Carbon Emissions of Global New Construction
with no building sector interventions
"""" 2020-2040 :
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Concrete (11%) + Steel (10%) + Aluminum (2%) = 23% of Total Global CO2!
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Why Embodied Carbon and Codes?

U.S. DEPARTMENT OF

ENERGY Estimated Improvement in Residential & Commercial Energy Codes
(1975-2021)
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City and County of Denver. 2021. Denver’s Building Sector Embodied
Carbon Emissions. www.denvergov.org/files/assets/public/climate-
action/documents/hpbh/nze/denversbuilding-sector-embodied-carbon-
emissions-june2021.pdf?mc_cid=a6ccfdd350&mce_eid=d4b9a8d903.

2024, New homes are

electric
2027, New buildings are electric
2030, 100% Reneawable
2040, All buildings and homes are
electric
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Energy and Carbon Advisory Council guiding the I-codes
* ASHRAE has committed to a net zero carbon 90.1 by 2031 version

+ Demand-side push to reduce industrial emissions



What’s stopping us?

ACEEE’s 2022 Summer Study
Informal Session asked:

* “Are we ready for embodied
carbon in building codes?”

* “Are we ready to compare
operational and embodied
carbon in buildings?”

40+ participants: designers,

researchers, policymakers and
manufacturers

ACEEE:
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1. The goal is a whole building life cycle assessment (WBLCA)
that can be used to set standards and code provisions for
embodied carbon. It is important to chart a pathway to that end.

LCA Tools Applicable to U.S. Common Environmental Product Databases

Stand-alone Stand-alone
Versus Database Life-cycle versus Life-cycle
Provider Cost of use embedded  used Focus level  stage Methodology Database Cost of use embedded  No. of datasets Datasource  stage
EUR 3,800 Standalone, Global AT-A3, Al-
Athena . i a ' ! ' b !
. GaBi Whole A1-A3, ecoinvent (USD 4,482) Embedded  10000% Europe focus  ~ocONdaTy A5, A1-C4
Athena Sustainable Free Standalone database buildin A-CA Process LCA
Material Institute 9 U.S. National Free
Renewable Energy (companies or ) A1-A3, Al-
Thinkstep; 5 e Laboratory (NREL) agencies pay to standalone 600+ U:S. focus Primary A5, A1-C4
. i ) . GaBi . Al1-A3, LCl Database © ublish data)
GaBi ?uwldmg information Standalone database Material A-Ca Process LCA P
]rcaznos;arency (as provided Free f
i) USDA LCA Digital ~ (manufactures , Al-A3, Al-
. and agencies Standalone 300+ U.S. focus Primary
Building USD 695/year; Commons pay to publish A5, AT-C4
Transparency, KT free for non- GaBi Whole data)
Tally Innovations, commercial Plug-in o Al-C4 Process LCA
. ] database building NIST BEES database Standalone, A1-A3, A=
thinkstep, and educational and p Free Unknown U.S. focus Secondary
Autodesk h Embedded c4
utodes research use
i Free Secondary (no
N ; ecoinvent, Quartz © Standalone 102 products U.S. focus lingered
Pre Sustainability o price Japan maintained)
Simapro consultarts information Standalone database Material A1-A3 Process LCA
provided J GaBi database USD 3,000 Standalone, 15,000+ Global, Primary and A1-A3, Al-
NREL LCI ’ Embedded ' Europe focus  Secondary A5, A1-C4
Free 200,000+ (building
Material, " Athena database Free Standalone  and construction U:S. and Secondary AT-AS, Al
BEES NIST Standalone NREL LCI Prod A1-A3 Economic I-O - o Canada focus c4
roguct materials specific)
Free Cemegfhizlem Free Standalone 3,500+ gjrqmca?];adaj Secondary alSGER i
Buildin database * ! : g A5
EC3 9 Standalone  EPD data Material A1-A3 Process LCA Spain, China
Transparency )
Environmental
Product Declaration  Free Standalone 149 products 9 Global Primary Vary
One No price . EPD) lib
} ) X . Plug-in; ) Whole (EPD) library
Click One Click LCA information 9 Varies o Al-C4 Process LCA ) )
LCA ided Standalone building Embodied Carbon in Global. with a AT-A3 (as
proviae Construction Free Standalone 47,000+ ! Primary
U.S. focus of 2021)
Calculator (EC3)

Esram and Hu. 2021. Knowledge Infrastructure: The Critical Path to Advance Embodied Carbon Buildling Codes .,~ ; )
aceee.org/white-paper/2021/12/knowledge-infrastructure-critical-path-advanceembodied-carbon-building-codes. 22‘;’;‘:;0‘:’1’,7;“02‘1:‘:'Gfe"e‘fhoj::'g;::,‘,jfj;, Q‘o’;ﬁtf”" e



Sidebar: Environmental Product Declarations (EPDs

EPD Development Process

Product Category Rules (PCR)
“Set of specific rules, requirements,
and guidelines for developing Type

11l environmental product

declarations for one or more product

categories” (ISO 14025)

Life Cycle Assessment (LCA)

“Compilation and evaluation of the
inputs, outputs and the potential
environmental impacts of a product
system throughout its life cycle” (1SO
14040)

Julie Sinistore, “Environmental Product Declarations: What Are They?”

WSP, 2017, http://us.wsp-pb.com/blogs/green-scene/Ica/environmental-

product-declarations-what-are-they-2/

ACEEE::
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Environmental Product
Declaration (EPD)

“Providing quantified environmental

data using predetermined
parameters and, where relevant,
additional environmental
information” (ISO 14025)

Program Operator

General Program instructions and Version Number

Manufacturer Name and Address

Declaration Number
Declared Product and Functional Unit

Reference PCR and Version Number

Product’s intended Application and Use
Product RSL

Markets of Applicability

Date of Issue

Period of Validity

ENVIRONMENTAL PRODUCT DECLARATION
Polyiso Roof Insulation Boards

GENERAL INFORMATION

Cortifiod
EPD Program Operator onEd’::n::ol;‘e':l.-nr:.tllon
wenastors

Refererence PCRs

Product-Specific EPDs

NSF International S
789 N. Dixboro Ann Arbor, Ml 48105 5@"
www.nsf.org L S

Part A: Life Cycle Assessment Calculation Rules and Report Requirements,
Version 2.0

GAF

1 Campus Drive

Parsippany, NJ 07054

EPD10151

EnergyGuard™ NH Polyiso Roof Insulation

1 m2 of installed insulation material with a thickness that gives an average
thermal resistance RS1 = 1m2KW and with a building service life of 75 years
Part A: Life Cycle Assessment Calculation Rules and Report Requirements,
Version 3.1

Part B: Building Envelope Thermal Insulation EPD Requirements UL 10010-1
Thermal Insulation for Roofing Applications

75 years as per PCR guidelines

North America, Europe

06/21/2018

5 years from date of issue

Industry-Wide EPDs

—PIMA

POLYISOCYANURATE INSULATION
MANUFACTURERS ASSOCIATION

NSF Certification, LLC

789 N. Dixboro Road

Ann Arbor, Michigan, 48105, USA www.nsf.org

Product Category Rules for Building-Related Products and Services Part A: Life Cycle Assessment
Calculation Rules and Report Requirements (UL 10010, Version 3.2), and Product Category Rule
(PCR) Guidance for Building-Related Products and Services Part B: Building Thermal Insulation
EPD Requirements (UL10010-1, Version 2.0), and 1SO 21930: 2017

Declaration Holder

LCA & Declaration Preparer

Polyi ate i fe ers A
3330 Washington Boulevard, Suite 200

Arlington, Virginia, 22201, USA

Shelly Severinghaus, LCACP
Long Trail Sustainability
830 Taft Road

www.polyiso.org



2. There is an immediate need to fill gaps and reduce uncertainty in
data reported at the material level, but initial standards can likely be
set for the Product Stage (Modules A1-A3) for a handful of materials.

Embodied Carbon by Material/Product

Figure 47: Total tCO,e per material across the first five case studies

Exhibit 6 Life-Cycle Assessment Phases

Steel Concrete Services
65%-85% 6%-10% 32% 22% 20%
of total of total
embodied embodied
carbon carbon 8%-15% of total 3%-15% of total
emissions mmm cmissions embodied carbon emissions - embodied carbon emissions
Product Phase C°“;;:’::'°" Use and Maintenance Phase End-of-Life Phase
Raw material . . Operational . Waste transport
supply and Manufacture Transport to site Use and Repair and energy Deconstruction and processing
transport products and installation maintenance  refurbishment 5,4 water and demolition and disposal
Figure 48: Total tCO-e per material for case study 06 - Residential timber building
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Chris Magwood and Tracy Huynh, The Hidden Climate Impact of Residential Construction, WBCSD and Arup, “Net-zero buildings: Where do we stand?”

. : fo o : : : . . . https://www.wbcsd.org/Programs/Cities-and-Mobility/Sustainable-Cities/Transforming-the-
RMI, 2023, https://rmi.org/insight/hi n-climate-impact-of-residential-construction P
, 2023, pS // 0 g/ Sls / dden-c ate pact-of-res dential-constructio / Built-Environment/Decarbonization/Resources/Net-zero-buildings-Where-do-we-stand



3. Stepping up from the material level to building envelope
assemblies, fenestration products, HVAC equipment and other
building components is likely a benéeficial intermediate phase.

MEP -

Committing to Zero

Fluoropolymer Coating

« Cold Formed Metal Studs
Spray Foam Insulation (HFO)

/ Glass Mat Gypsum Sheathing
18%
7
»
i
*

Fluid Applied
Air/Water Barrier

Embodied carbon in building services:
a calculation methodology

Mineral Wool Insulation

Aluminum Rainscreen

Aluminum Composite Panels

Embodied Carbon in Building Enclosures: Why It Matters. Laura Karnath
(Walter P. Moore) https://www.walterpmoore.com/embodied-carbon- =

ae
A ‘ E E E & & building-enclosures-why-it-matters 1 &
[ X
TM65: 2021 CIBSE
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4. Code provisions aimed at reducing embodied carbon - and
potentially prioritizing existing buildings — should not allow energy
efficiency to be traded off.

XPS (HFC) only
Fiberglass/XPS (HFC)
XPS (low GWP) only
Fiberglass/XPS (low GWP)
Mineral wool board only
Cellulose/wood fiber board
Wood fiber board only
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5. Embodied carbon benchmarking and disclosure could be a useful
step towards whole building standards by building capacity and
Improving data.

U.S. COMMERCIAL BUILDINGS SAVE CREATE REDUCE
MONEY JOBS ENERGY
ENERGY BENCHMARKING |

& D‘S(LOSURE | ot Bk $a|gos 2§w10080 t;?uggu‘
Energy Use $ 1 8 59 000 'Enlurzlt h'::ins
‘/\}"; ))) . KBJ cwwon | newsoss gf;’:llll:aon c(:irs

‘ ach y
. o o o Every one doll .
Minimum policy requirements e oottty | 45,
poficy req o i | e
! ” | R Fabricator data LCA 1; - ‘ PROJECTED 26,000
RS | NUMBER OF 13,600 : '
N I BUILDINGS 9,000
s | IMPACTED
Supplier/ \‘\ i I | 3 | .—1900 &ﬂ -g&
manufacturer data* B ,: ﬁ C 02 : CALIFORNIA SAN FRANCISCO PHILADELPHIA
J i g eIy
— q - dD clost
— Must be aligned with Must be aligned with . y Ratings for
:—'Q ISO 14040/ 1SO 14044 PCRand SO 14025 “« [== All Buildig
Ind:s:_ry Id t * Q POTENTIAL IMPACT ON PHILADELPHIA
representative data
Market R d
LCI database* Publicly-accessible Building Efficiency Enzrrgey Efeﬁv:iz;csy

EPD database (e.g. EC3 tool) Eﬂo’;\:;l:usly & CYCLE OF s Ocipncy
...... 7 A INPROVEMENT '
‘ (] Lo
oy 11 ®1@ Jiiiiil

MILLION Building Owners Improve
Efficiency to Stay Competitive

o Above: “Guidance on Disclosure,” Carbon Leadership Forum, =1
A‘ E E E:: https://carbonleadershipforum.org/guidance-on-embodied-carbon- e ot :: :. 0 lllllll ole ””m”

. A :
fimerican Gounell for an Enengy-Efficiznt Ecanomy d!sclosure/ ) ) ] ) T
Right: http://www.cbei.psu.edu/benchmarking-and-disclosure/index.html o . ot




6. To support whole building life cycle
code provisions, we need: -

* Improved and expanded material-
level data,

* widely accessible and applicable i 3 ™\
modeling tools, | 3
» a trusted central data and . s
information repository, and Method pata Too
* more better-trained LCA modelers womponens

5% 27% \ 2.7%

Levels

Figure 1. Embodied carbon assessment knowledge matrix

Esram and Hu. 2021. Knowledge Infrastructure: The Critical Path to Advance

Embodied Carbon Building Codes aceee.org/white-paper/2021/12/knowledge-
A t : E E E infrastructure-critical-path-advanceembodied-carbon-building-codes.
American Goanell foe an Energy-Efficiznt Ecancrry



Emerging Embodied Carbon Policies in the U.S.



LEED v4.1 and Green Globes Rating Systems

als &l Total Pts. Available = 13
Required Prerequisite: Storage and Collection of Recyclables

Building Life Cycle Impact Reduction

Opt. 1 - Building & Opt. 2 - Whole

OR

Material Reuse Building LCA
+1-5 pts. +1 pts. *] pty F+2 pt.a §+3 ply §+4 pt.
AND/
Path 1 OR Path 2 Path 1 Path 2 Path 3 Path 4

Environmental Product Declarations

Opt. 2 - Embodied

AND

OR/ Carbon/LCA
Optimization

Opt. 1 - Environmental
Product Declaration
(EPD)

ACEEE::

fmerican Gouncl for an Energy-Efficiant Economy

Sourcing of Raw Materials

Use products sourced from at least

3 different manufacturers that meet
at least 1 of the 5 responsible sourcing
and extraction criteria for at least
15%, by cost, of the total value of
permanently installed building products in
the project

Use products sourced from at least 5
different manufacturers that meet at
least 1 of the 5 responsible sourcing and
extraction criteric for at least 30%,

by cost, of the total value of permanently
installed building products in the project

Material Ingredients

“WNEW

AND/ Opt. 2 - Material
OR Ingredient Optimization

Opt. 1 - Material
Ingredient Reporting

Construction and Demolition Waste Management

Diversion AND,; Waste Prevention

OR

Divert at least 50% of the total +1 pts. +2 pts.
consfruction & demolition materials

: o ; s >15 Ibs./fi2 (75 >10 Ibs. /ft2 (50
from landfills & incineration facilities kg/m2) kg/m2)

“What You Need to know about Building Materials Under LEED v4.1,” CaraGreen,
https://www.caragreen.com/what-you-need-to-know-about-building-materials-under-leed-v4-1/

16
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Public Project Procurement Policies - “Buy Clean”

* Generally aimed at big ticket items Percent Construction CO2 Impact
* Concrete, steel, glass, some insulation

* “Like to like” - not comparing materials

* 5 states with active policies

 California, Oregon, Washington, Minnesota, 29
Colorado

e Some localities

* Federal government in guidance and
SCOpPINg Process (InCI' IRA fundlng) m Private Federal m State & Local

Computed from: US Census Bureau (“Annual Value of Construction Spending Puti'r-yPIace” for
2012 —2022); CO2 impact per dollar added US EPA (USEEIO v1.1 data).



Green Codes - CalGreen

2022 CALIFORNIA GREEN * Mandatory refrigerant GWP limits
NSBB8« \/oluntary provisions aimed at reduced embodied

(¥ Green

ﬁﬁtpﬁ?n@@nm TIFLE 24, PART 11 carbon in materials

* Proposed whole building LCA provisions aimed at
reducing embodied carbon ~10% in commercial
buildings >50,000 sf

* In line with AB 2446 (2022)

An i'.u”A
ACEEE::

an Energy-Eificiant Eea .



Green Codes - 1gCC / ASHRAE 189.1

IgCC * International Green Construction Code
| "powered by” ASHRAE Standard 189.1

* Proposed material-focused provisions:

 Mandatory disclosure of Cradle-to-Grate (A1l-
A3) for subset of installed materials [Add z]

| * Jurisdiction option: Material procurement
Cradle-to-Gate emissions limits [Add ak]

ACEEE::

Amercan Coanel for an Energy-Etficint beanomy 19



Building codes

 Just one! Only concrete! Marin County, CA

Cement limits Embodied Carbon limits
for use with any compliance method | for use with any compliance method
19.07.050.2 through 19.07.050.5 19.07.050.2 through 19.07.050.5
cznrgnplgggvzp:t:zf;th Maximum ordinary Portland cement Maximum embodied carbon
fo. psi (1) content, Ibs/yd?® (2) kg CO2e/m3, per EPD
up to 2500 362 260
3000 410 289
4000 456 313
5000 503 338
6000 531 356
7000 594 394
7001 and higher 657 433
up to 3000 light weight 512 578
4000 light weight 571 626
5000 light weight 629 675
Notes
(1) For concrete strengths between the stated values, use linear interpolation to determine cement and/or
embodied carbon limits.
A C E E E (2) Portland cement of any type per ASTM C150.
hmercan Goangil for an |

0 EIEEICB Ty Marin County Low Carbon Concrete Requirements: https://www.marincounty.org/-

/media/files/departments/cd/planning/sustainability/low-carbon-concrete/12172019-update/low-carbon-concrete-code.pdf



So, what about Energy Codes?

* Historically we have not supported embodied carbon in energy codes
* Energy codes set minimum energy efficiency requirements
* Non-energy usage data reliability/comparability

* Reconsidering with...
1. Energy codes shifting to an emissions basis and decarbonization focus
2. Efforts to improve data reliability/comparability
3. Growth of buy clean policies and guidelines



One example of attempt in energy code...
2023

* Optional credits for reporting and/or
reducing insulation embodied carbon

VERMONT

RESIDENTIAL BUILDING
ENERGY STANDARDS

ACEEE::

il for an Energy-Efficient Ecor

22



90.1 Work Plan Includes Only Refrigerants

ACEEE::
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A proposed possible starting point

Dedicated renewables
and/or embodied carbon
reductions

Michael Waite, “Rethinking
Model Energy Codes for Net Zero
Carbon Buildings,” ACEEE, 2023,

A C E E E | https://www.aceee.org/blog-
post/2023/04/rethinking-model-
fimerican Couneil for an Energy-Efficiant Ecanomy 2020 2030 2040 2050 2060 2070 energy‘COdES-net-Zero—carbon-
buildings

Dedicated renewables

Annual Energy Usage-Related GHG Emissions



Need: Standardization with comparable data

 Harmonization and standardization of PCRs
 Comparability of EPDs across products

 Comparability of embodied and operational emissions

* International standards and guidelines contribute to knowledgebase
« ASHRAE/ICC Standard 240P in development - need this to work for codes!

ASHRAE AND THE INTERNATIONAL CODE COUNCIL
SEEKING COMMENTS ON GREENHOUSE GAS

EMISSIONS EVALUATION STANDARD

I C E E E e Advisory public review open through May 21
. R ]
a8

American Goanell foe an Energy-Efficiznt Ecancrry
Drafts are posted and comments can be made until May 215t at: osr.ashrae.org.




Need: Energy Code “Energy Credits”

o %HELQV . Energy
redit ection Credit .
Measure OA(0B|1A ID Abbrtleviated Section oaloBl1a
E01 |, EPVeIPe 1c406.2.1.1 Title
Ro1| Renewable 1 q64 41 g 1511
UA Energy
E02| reduction [C406.2.1.2|8 |13]7 P E——
(15%) G01 mgnaggment C406.32|16| 7 | 9
Envelope
E03| leak |C406.2.1.3[15|10[12| |go2| HVACIoad |~,4n6 3 3]|42]41 21
reduction management
Add Roof Automated
EO04 Insulation C406.21.4)11 (1|1 G03 shading C406.34|11| x | 7
Add Wall Electric
E0S| jnsulation |C406-21-5{101101 61 |54l cnergy  |C406.3.5[10(10(10
t
E06|_'MPOVe (c406.216|7 |7 |4 Sorege
Fenestration Cooling
HVAC GO05 energy C406.3.6/28| 6 |31
HO1 | . tormance [C406-2-2.1|20| 19] 16 storage
Heating SHW energy
HO2 efficiency C406.2.2.2( x | x | x G06 storage C406.3.7|17 |17 |19
Hoa| C9iNg lcane223|7 |6 |4 Building
efficiency GO07 thermal C406.38(7 |2 |11
Residential mass
HO4 HVAC C406.2.2.4] 9 (10| 8
control
DOAS/fan
HO5 C406.2.2.5132(31|27
control Snapshots from 2024 IECC
SHW ; .
Wo1|  preheat C406.23.1| 1 | 52|74 Public Commgnt Draft #1:
recovery 8 https://www.iccsafe.org/wp-
. “ljla?ea: E:thr C40652.3.1 o content/uploads/
te IECC2024P1CE-UPDATE-
W03 Efficient gas [C406.2.3.1 383946/ 110122.pdf

water heater

C

>>> Carbon Reduction Credits

* Menu of options beyond minimum requirements

* Must attain a total amount by building type and
climate zone

> Translate to emissions reduction basis
» Life cycle emissions

»What's the baseline?



Need: Benchmarks, Prototypes, Baselines

U.S. DEPARTMENT OF . . . - -
ENERGY Estimated Improvement in Residential & Commercial Energy Codes \7%/

(1975-2021) Pacific Northwest
120 120
MEC 1980 MEC 1983 IECC 2004 R R
110 ASHRAE 90-1975 4 4.0% T 0.5% MEC 1992 MEC1993 IECC2003 L 5.6% Residential 110
U 8.2% b 19% 4 0.4% . .
- ommercia
100 N -~ o \o IE}IECIZZO:I‘G 1ECC 2009 100
o v 7.9%
§ 90 ASHRAE 90-1975 _ o S0 §
i / IECC 2012 by
wogo / P 4 18.1% g0 &
> 90.1-1989 - IECC2018 2
E 70 1 14.0% Qf‘];i(:?l " IEcc 2015 S b1aw 2
jal 90.1-1999 = 0.0% 70 a
i M 90.1-2004 . _ &
i 60 Pt 90.1-2007 |ECC 2021 60 ::i
2 o RS y L 9.3% @
E 50 90.1-2010 - 0 E
& 4 18.5% ! -
] 90.1-2013 / N 2
= 40 & 7.5% / AN 40 =
o I ]
£ 90.1-2019 E
S =20 90.1-2016 e 3 3
L 6.8%
20 20
10 10
0 0
1970 1975 1980 15985 1950 1595 2000 2005 2010 2015 2020 2025 2030
Year
Carbon

i ENERGY STAR® Leadership
G ¥ o
ACEEE:: PortI:OI 10 M dlld g SR . - 51 A Benchmark swdy v2

American Gounel for an Energy-Efficiant Eeanormy




Need: Coordination across energy and building codes
|ECC One possibility:
»Set limits in IBC/IRC

> Flexibility to reduce
=== Whole building emissions

En rgy Standard
for Sites and Buildings In energy codes
Except Low-Rise
Residential Buildings

(1-P Edition)
* Analogue of reduced flow

o s A e AU i ey | gy S S S A

B e e e .
= water fixtures

»Current stage is likely testing through “green” codes
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Summary

 Embodied carbon increasing share of building lifecycle emissions

* Whole building, whole life emissions standards are the goal

* Need data improved and gaps filled, but there are steps we can take now
* Some material-focused policies are emerging in the U.S.

* There could be a role for embodied carbon in energy codes
* Need: Carbon metrics, standardization, benchmarks, flexibility
* Energy codes and building codes likely need to work in concert



Thank you!
Michael Waite, PhD, PE

Senior Manager, Buildings Program, ACEEE
mwaite@aceee.org
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Agenda

e Background
eCanadian Model Codes
eModel Code Development
eEvolution of Model Codes

e Embodied Carbon in Canada
ePreliminary Research
eNRCan’s Material Carbon Estimator Tool

e Findings & Conclusions
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CANADIAN COMMIESION ON
SULDING AND AIRE COOES

Canadian Model Codes ENERGY

nal Energy Code of Canada for Buildings 2020

e National Building Code & National Energy
Code for Buildings
e AHJs responsible for the adoption of building codes
e Reconciliation Agreement on Construction Codes

CANADIAN COMMIESION ON
SULDING AND FRE COOES

©©8 National Building Code of Canada 2020
Volume 1

e Model Code Development Process
e Provinces and Territories provide policy direction

e Technical Committees, Task Groups and Working
Groups

e Consensus-based, accessible and transparent
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Evolution of Model Energy Codes in Canada

Net Zero Eg:r%%'r?d
Energy Ready Requirements Net Zero

Emissions

Section 9.36 GHG reduction
within the NBC Objective
+

Operational
Carbon
Requirements
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Preliminary Research on Embodied Carbon

e "Achieving Real Net-Zero Emission Homes”
e Operational + Embodied carbon emissions

e Three archetypes in five climate zones
e Bungalow, 2-Storey and Row House End Unit

e Three different Energy Code Tiers

Achieving Real Net-Zero

o Tier 3, Tier 4 and Tier 5 g mission Homes:
e Four material palettes
e High Carbon, Mid-Range, Best Available and Best Possible e ciimare
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NRCan’s Material Carbon Emissions Estimator (MCEZ2)

e Estimation of Overall Carbon Emissions
e Pulls data from HOT2000 energy simulation tool
e User inputs material choice(s) for each component

e GWP of each material is calculated from database of
publicly available EPDs
o Limited to “Product Stage” (A1-A3)
o Subset of building materials
o NO waste factors included

e Intended to support design decision-making
and capacity building
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Preliminary Research on Embodied Carbon

MCM — Top 10 Highest MCE Materials
Toronto, 2-Storey, Tier 4

INSULATION - Mineral wool board (Exterior Walls)
CLADDING - Fiber cement siding (Exterior Walls)
WINDOWS - Vinyl, double-glazed

CONCRETE - 30-40% Fly Ash (Foundation walls)
CONCRETE - 30-40% Fly Ash (Slab)

VINYL - Flooring (Floors)

INSULATION - EPS FOAM ICF (Foundation Walls)
INSULATION - Mineral wool - loose fill (Roof)
INSULATION - Mineral wool board (Slab)

WOOD - OSB sheathing (Exterior Walls)

All other materials

NET TOTAL

29,689

0 10,000 20,000 30,000

¥ Canadi
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Preliminary Research on Embodied Carbon

BAM — Top 10 Highest MCE Materials
Toronto, 2-Storey, Tier 4

WINDOWS - WOOD frame, double-glazed | 2,465
CONCRETE - 35-50% Slag (Slab) | 1,603
WOOD - SPF framing lumber (Exterior Walls) | 604
INSULATION - EPS foam board (Slab) | 554
WOOD - Treated wood foundation (Foundation w... 485

WOOD - Plywood sheathing (Floors)
WOOQOD - | joists (Floors)

CONCRETE - 35-50% Slag (Footings) 430
)
)

WOOD - Rooftrusses (Roof | 429
CLAY - Rooftiles (Roofing 368
All other materials -10,297
NET TOTAL 2,445
-15,000 -10,000 -5,000 0

kg CO2e
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Preliminary Research on Embodied Carbon

Bungalow o Bungalow
Prince Albert/Quebec City/Halifax/Toronto/Vancouver

i+l

Natural Resources
Canada

Prince Albert
High Carbon Material Selection

Tier 5
Embodied Carbon Intensity 748 kg CO_e/m?
Embodied Carbon 185tCO,e

Twa-storey house

Prince Albert

High Carbon Material Selection

Tier 5

Embodied Carbon Intensity 758 kg CO.e/m?
Embodied Carbon 177 tCOe

Row house end unit

Prince Albert

High Carbon Material Selection

Tier 5

Embodied Carbon Intensity 621 kg CO,e/m?
Embodied Carbon 92 tCO,e

Ressources naturelles
Canada

Best Possible Carbon Material Selection
TierS

Embodied Carbon Intensity -42 kg CO_e/m¢
Embodied Carbon -11tCO,e

Two-storey house
Quebec City/ Prince Albert
Best Possible Carbon Material Selection
Tier 5
Embodied Carbon Intensity -88 kg CO,e/m?
Embodied Garbon -21tCO.e

Row house end unit

Quebec City/ Prince Albert
Best Possible Carbon Material Selection
Tier 5

Embodied Carbon Intensity -48.0 kg CO e/m?
Embodied Carbon -7t CO.e

¥ Canadi
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Preliminary Research on Embodied Carbon

Carbon Use Intensity (30 yrs) by City, NBC Tier and MCE Level (2-Storey Home)
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Subsequent Research on Embodied Carbon

e Municipal studies of as-built homes
e Mapped closely with preliminary findings
e Demonstrated regional differences linked to architectural tendencies

Dataset Material Carbon Emissions Intensity
(kg CO2e/m?2)

Highest Average Lowest
NRCan Archetypes 513 150 2*
Nelson & Castlegar, BC 309 150 72
Toronto, ON 561 189 116
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Findings & Conclusions

e Material Carbon Emissions represents a significant, mostly
overlooked and unregulated pool of GHGs

e Scope of Application and Methodology are important
e Consider availability of Data

e Mind the Regulatory Overlap

e Metrics matter!

e Net-Zero solutions vary by jurisdiction
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Canada

© His Majesty the King in Right of Canada, as represented by the Minister of Natural Resources, 2022
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