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Overview

1 2020 Study:
Embodied Carbon in Residential Retrofits

2 2021 Study: V7 4
Embodied and Operational Emissions in Weatherizatio”” v

3 Conclusions



Learning Objectives

1

2
3
A

Define and differentiate betweeambodied and
operationalcarbon emissions

Quantify therelative scaleef embodied and operational
carbon emissions in residential weatherization

Analyze the time framm which embodied and operational
carbonemissions occun residential weatherization, and
how this applies to developing retrofit strategies

operational carbon emissions




Megan NedzinskiVermont Integrated Architecture, PC
Jacob Deva Racusihlew Frameworks

Chris Gordon, Brian Just, Matt Sharpe, and Mike Hifikciency
Vermont

https://www.efficiencyvermont.com/news
blog/whitepapers/embodieecarbonin-vermontresidentiatretrofits

Intro and Purpose

The authors sought toll a gapin the growing
body embodied carbon emissions analysis work
by studying the contribution of weatherization
materials specifically in Vermont.

Quantify the embodied carboassociated with
residentialretrofit projects

Understand if and how weatherization work,
Including material choices havé&anged over
time.

Aid indecisionmaking for future weatherization
scope and material selectiofrom a climate
Impact perspective




Determine and msvVermont by
geographic location.

Determine the il specific residential
building assemblies (walls, attics, band joist, foundation walls) and
iffnow these choices have changed over time.

Characterize the toainderstand:
a) which to CQe (carbon dioxide equivalent) emissions

b) which applications are the

lllustrate the and the associated
¢by material and application).
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building assemblies (walls, attics, band joist, foundation walls) and
iffnow these choices have changed over time.

: 2 Determine the il specific residential

lllustrate the and the associated
¢by material and application).



2020 Findings

#2: Types of insulationsed in specific retrofit assemblies

Wood Framed
Wall

Wood Framed

el 55

Closed Cavity Ceiling (2012) Closed Cell SPF 249% | Dense Pack Cellulose 57%
Closed Cavity Ceiling (2016) Closed Cell SPF 48% | Dense Pack Cellulose 38%
Wood Framed Walls (2012) Closed Cell SPF 29% | Dense Pack Cellulose 42%
Wood Framed Walls (2016) Closed Cell SPF 55% | Dense Pack Cellulose 23%

A Closed cavity ceilings
and wood framed
walls, however,
showed a
proportional increase
In the use of closed
cell spray foam.
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oy application type, over time:

How are total CO2e emissions changing

over time?

BN Closed Cavity Ceiling W ———
BN Wood Framed Wall — G——

How are CO2e emissions changing ove

QL

~
o]
O
1]
c
o
'_
2
=
=
(]
=

(B63) aunseayy Jad 2o abelany

time for different applications?




by material type, over time:

Il Closed cell spray foam  ——

How are COZ2e emissions

= colliose oosefl 4= for different materials?
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i Em|SS|ons In Weatherization
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Intro and Purpose

Understand theelationship betweerembodied
emissions and operational emissions

Identify thell K NB 4 K2 f R 2 Noetween LJL
material emissions and operational emissions of
weatherized homes

Aid indecisionrmaking for weatherization scope
and material selectionfrom a climate impact
perspective




Definitions, Studied
Conditions & Datasets

' GUBLIAOIFE SN2V
A approximately 2,200 square feet

A two-story

A three-bedroom

A singlefamily residence

Datasets were used to establish baseline modeling assumptions
A HPwESas primary source of data

A Assumptions were crosgferenced with the Vermont
5SLI NIYSyd 2 7Fatdza 2A/00arfils
9EAAUAY T | 2YStoconfithbas) f f
reasonable




Definitions, Studied Conditions & Datasets

Scenarios
Baseline G/ 2YY2Yy t N&/OHIMIDDBY { YI NI/ é ND 2y { YI N
EquivalentiR
A Typical VT home, A Derived from A Replaced higher Aa/ FNb2y {Yl
unweatherized 2020 study embodied carbon materials
UKS-YRRIZXK A Y FRE ccSPRHFO) materials with lower A Polyiso
scenario embodied carbon A DP cellulose
materials A No cavity
A Polyiso restrictions =
A DP cellulose equivalent R

A Existing Cavity
restrictions / code
venting




Definitions, Studied Conditions & Datasets

Materialsc ¢the type of insulatio# Applications;a 0 KS LIJKe a A Ol
A Cellulose A Basement, below grade

A Polyisocyanuraterigid board A Basement rim joist

A Spray foamclosed cell¢cSPFHFO]) A Wood-framed wall

A w/ HFO blowing agent A Closedcavity ceiling




Definitions, Studied Conditions & Datasets

Datasets Dataset application
A Efficiency Vermont Home Performance U Established baseline modeling assumptions
with ENERGY STARIPWEpprogram data (available cavities, fenestration, areas, etc.)

A 20122016, installed measures
A £SNX¥2yG 5SLINIYSYU 2T drodefeferbride dbatd 8ok 8 SoRfitm

Vermont Singlé-amily Existing Homes calculated cavities and assumptions as
Overall Report reasonable

ALOFrdS 2F 2A402yaAy HnHn addzRé a! aasaaySyl
of Energy and Cost Savings for Homes_ . e
¢NBFGSR dzy RSNJ 2 A & O2 y & AFPEY Mpdgl gagbrabon s ng &
tfdza 28FOKSNRTFGAR2Y t NRANF V5§
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Definitions, Studied Conditions & Datasets

Scenarios
Condition Baseline Common Practice | Carbon Smart Carbon Smart
EquivalentR
Foundatiqn ___ R35 R19.8 R19.6 R19.6
0yé¢ O2yONBGSO 0 océ€SPF 0 opélyiso 6 opélyiso
2x10 Rim Joist R5.8 R19.8 R19.8 R19.8
0 0céSPF OpPpé 5t OSftfdzopopé 5t OSftfd
Wood framed Walls R6.75 nominal R-19.8 nominal R12.46 nominal R-19.8 nominal
OHERNnG&c)mc ¢ R8.77 effective R-13.5 effective R-11.49 effective R-13.5 effective
no continuous insulation O océSPF bodpé 5t OSttdzopopé 5t OSftftd
Attic‘l\:raming R-9.9 nominal R-39.4 nominal R-18.7 nominal R-39.4 nominal
OHEY a 0&) wmc € R-10.5 effective R-28.57 effective R-17.86 effective R-28.57 effective
O Cccé€SPF opo®Hpé 5t OSftf ommé 5t OSE f dzf
HE OSYldAy3o HE OSYGAy3o
Air-infiltration 12 8.4 8.4 8.4

(ACH50)




Definitions, Studied Condition

Material Example manufacturers / products GHG Impact?
& Datasets oo Seco G coves 80
Embodied Carbog LCA stages included Celluose Gleanhes, Gaeencher S
Fiberglass CertainTeed Sustainable, Knauf EcoBatt Low
. Paolyisocyanurate DuPorit Therrmax Low
2020 StUdy by B”an J USt Of VE I C EPS (expanded polystyrene) Atlas, BASF Neopor Law
Embeodied carbon refers to the greenhouse gas (GHG) emissicons thatwent into the production of materials. A summary of Dpel"l Cell. ipr:'ly fﬁam D’Emllﬂf AF‘R L‘:'Ip-ﬂlla Fﬁam — Lﬂ'k 45‘0 L’UW
commeon insulation materials appears in the table below. Materials that contain carbon and/or reguire less energy to produce
have the lowes s5t) GHG impact. At the other end, materials with high-GHG refrigerants tend to have the worst carbon
foowprnc’ e e ' o S e t Phenolic foam Kingspan Kooltherm Low
Material E Il f: { prod GHG Impact® | Notes . -
r— —— = P — Mineral wool Rockwool, Owens Corning Medium
Cellulose Cleanfiber, Greanfiber Lowest j Best Densapack, loosafil
Fiberglass CertainTeed Sustainable, Knauf EcoBatt Low Batts boardstock, looseflidensepack Closed cell spray foam, HEOD Dermnilec Heatlok HFO Pro, Lapedlia ProSeal HFO Medium
Polyisocyanurate DuPont Thermax Low Enardstock; Blowing agent: pentane
EPS fexpanded polysyyrens) | Atias BASF Neoper Low Boardstock Blowing agent: pertana Closed cell spray foam, HFC | Demilec Heatlok XT, Dow Froth-Pak Highest / Worst
Open cell spray foam Demiec APK, Lapolla Foam- Lok 450 Low Site- blown: Blowing agent water
ol m"x‘“‘m = — %P5 (extruded polystyrene) Dow Styrofoam [Blueboard), Owens Coming (pinkboard] | Highest [ Worst
Closed cell spray foam, HFO | Demiec Heatiok HFO Pro, Lapolia ProSeal HFO Medium Site- blown; Blowing agent HFOs
Closed cell spray foam, HFC | Demilec Heatiok XT, Dow Froth-Pak Highest / Worst | Site- blown; Blowing agent HFCs
HPS faxtruded Dow Owens Coming (pinkboard) | Highest /Worst | Boardstock: Blowing agant: HFCs

Pariners have shared that many material substitutions are not only easy to implement. they can actually save money.
Furthermore, many lower-GHG materials are less toxic 1o workers and/or building cocupants®

Example: A 2-story, 2000 square foot home making insulation substitutions detailed below avoids approx. 55,000 kg CO.e,
roughly equal to not driving 136,000 miles or not burning 60,000 pounds of coal. Provided the installed R-value is the same
and proper air sealing is done, there is no significant difference between the two homes’ operational energy.

e,

@ GHG Impact: High

+ XPS for sub-slab and foundation
+ HFC-based spray foams in walls and cathedral ceiling

blas O

@ GHG Impact: Low

« EFS Type IX for sub-slab and polyisocyanurate
(interior) foundation
» Densepack cellulose in walls and cathadral ceiling

Cellulose

Polyisocyanurate

Spray polyurethane foam (SPH

Spray polyurethane foam (SPH

GWP average*
kg CQe
[A1-A3 w / A5+B1]

inch

3.56

Dense pack, 3.55 pcf

Board, foilfaced 6.53
Spray, closedell
hydrofluorocarbons
(HFC)

Spray, closedell
hydrofluoroolefins

(HFO)

6.60

GWP components
A1-A3, A5, B1 carbon
storage

A1-A3; A5, B1 not given

AT-A3, A5, B1

Al-A3, A5, B1

Siliconized Acrylic
Sealant

baxsed on Cradle 1o Gate: extraction of resources frorm the sarth unil #1e point that a product

* Our aralysisis bases - [— EFﬁCI,enCV
the facton: This comespands (o Life Crcle Assssment product stages AL AZ and AZ We also inciude A5 for matenals Bt

{ 2dz2NOSY Wdzaix a¢KS KAIK INBSYK2
YFGSNRFfAY ¢NHzS fAFS 0eofsS 0Oz2al

Air-sealing Caulking AL-A3
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https://www.efficiencyvermont.com/Media/Default/docs/printable-resources/GeneralInfoForHomes/EVT-Home-Insulation-GHG-OnePager.pdf

Definitions, Studied Conditions & Datasets
Embodied Carbog LCA stages included
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SourceMeghan Lewis, Monica Huang, Stephanie Carlisle, 8iatenerx =~ 4CLE Embodied Carbon Toolkit for Architects, Part II: Measuring
9Y02RASR [/ I WIsAcgiFeht.ain.argdsiedldefault/files/202110/21 10 _STN_DesignHealth 474805 Embodied _Carbon_Guide_Part2.pdf




