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Introduction

Katerra has developed its own crdasinated timber (CLT) manufacturing facility in Spokane Valley,
Washington. This 25,100%¢270,000 ft) factory is the largest CLT manufacturing facility in the world,

and is capable of proaing approximately TB000 nt of CLT per year. Katerra has also established a
vertically integrated supply chain to provide the wood for the CLT factory. Production started in summer
of 2019.

Katerra commissioned the Carbon Leadership Forum (CLF) ated @e International Trade in Forest

Products (CINTRAFOR) at the University of Washington to analyze the environmental impacts of its CLT

as well as the Catalyst Building in Spokane, Wigstm. The Catalyst is &,590 m? (168,800 ft?), five-

story office building that makes extensive use of CLT as a structural and design element. Jointly

developed by Avista and McKinstry, Katerra largely designed and constructed the building, and used CLT
LINE RdZOSR o6& YIFGSNNI Qa ySo aENOQYENBP/ ! OSBF2 NV EBENE Q
Katerra to explore opportunities for environmental impact reduction along their supply chain and

improve their CLT production efficiency. Performing an LCA on the Catalyst Building will enable Katerra

to better undestand life cycle environmental impacts of mass timber buildings and identify

opportunities to optimize environmental performance of mride CLT structures.

The goal, scopanethodology and results of thisnalysisare detailed in this report.

Goal andscope

The goal andm®pe of the LCA are described in this section.

Goal

The goal of thisife cycle assessment (LG#\Jo understandthe environmental impacts of I 1 S NNJ Q&
newly-established CLT supply chaimd manufacturing facilitgndK A 3 K f A-8 K#Zar & K 2

opportunities for impact reductionTo do sgtheresearch team performed the following activities

T ¢KS /Lbe¢w! Chw NBaSINOK &SI YmduSadthriag Kenil,Rvhichy [ /! 2
waslocatedin Spokane Valley, Washingtaaking into account the geogrhj origin of the
lumber, which was from British Columbia, Canad@lhe research time analyzéoke LCAresults
toidentifyad KA fl2 G6a¢é¢ 2F SYGANRYYSydalt AYLFOG Ffz2y3a (K

NOVEMBER019 5
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1 The CLF research teararfpormed awhole buildirg LCA (WBLC#f)anew mass timber building

that waslargely designed and constructég Katerra. This building, named the Catalyst
Building, is locateth Spokane, Washington was under construction at the timaubhoring this
report. The research team analyzed the LCA resuliddntifyad KA 2 1 a¢ 2F Sy @ANRYY
impact in the building.
0 At the request of Katerrahis case study assumed that all of the @L{he building was
producedatY I 1 SNNJ Q& //fadtoryabdrlidlrdaldyony ke Shply floor panels
on this project were produced by Katerr&tructurlam provided the-Bly CLT for the
cladding and the -ply CLT for the CLT shear whsausehe Katerra production
facility had not ramped ugetto produce 3ply and #ply CLT in time for the Catalyst
project schedule
0 As a part of the WBLCA, the CLF research team also performed a comparison of the
preliminary vs final design of the enclosure and the accompanying energy use intensity
(EUI)

Five envirommental impact measures were assessed and characterized thgifigol for the Reduction

and Assessment of Chemical and otBsvironmentallmpacts(TRAQI2.1. Primaryenergy

consumption waslso assessedlheseimpact measuresnd their accompanyingnits of measurement

are:

A w N RE

o

6.

Global warming potential (GWP) in kilograms of carbon dioxide equivalent (kg CO2e)
Acidification potential (AP) in kilograms of sulfur dioxide equivalent (kg SO2e)

Eutrophication potential (EP) in kilograms dfegen equivalent (kg Ne)

Ozone depletion potential (ODP) in kilograms of trichlorofluoromethane (CFC11) equivalent (kg
CFClle)

Smog formation potential (SFP) in kilograms of ozone equivalent (kg O3e)

Primary energy consumption (MJ)

The later indepth anaysis of the results focused on global warming potential (GWP), since this is the

key impact measure of concern in the building industry.

Theresults ofthis study are intended fouse bythe internal Katerrateam. The results are also

tentatively intendedo be released to the publiat the discretion of Katerra

NOVEMBER019 6
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A third-party review will not be performed since the results of this study are not intended for use in
comparative assertionsThismeans that these results cannot be definitely compared witreotithole
building LCAs to determirieone or the otherist 6 SGGSNE 2NJ a6 2NESE

The goabf the whole building LCéan becaptured by a framework that is being developed as a part of
ongoing efforts to standardize building LCA reporting, also referredltoyds a [ / ! (Gl E2y2Y e ®é

portion LCA taxonomy is presentedTiablel.

Tablel. LCA taxonomy goal description.

LCA taxonomy Project information
Assessment goal

A Intended application Tounderstandi KS Sy @ANRY YSy il f
CLT manufacturing supply chain, and the
environmental impact of the Catalyst building.

A Reasons for carrying out the study Tohelp Katerra reduce its environmental impacts.
A Intended audience Internal Katerra team

A Whether results are intended to be used in No comparative assertions will be made
comparative assertions

Background information on assessment
General information on LCA
A Date of LCA assessment November2019

A Assessment stag@roject phase at ~ Construction phase
time of LCA assessment

A Client for assessment Katerra
A Name and qualification of LCA AKate SimonepAlA, LEED, PE,(8B
assessor Aindroneil GangulyPhD.(CoPI)

AFrancesca Pierobon, Bh
AMonica Huang, EIT, MSCE
ACindy X. Chen, Hh

A Organization of assessor TheCarbon Leadership Forug@LFand Center for
International Trade of Forest Produ¢tSINTRAFORY)
the University of WashingtoUW)

Verification Verification not performed
LCA data and methods
A Source, typeand quality of LCA data AFor CLTLCASimaPro/9 (2019) SeeTable4 for

(reference date) additional information.
AFor case study buildingthena 5.2 (2016jnda few
EPDs
A LCA impacts and assessrerethod = ACharacterization method: TRACI 2.1
including version number and ALCA impacts assessed:
reference 0 Global warming potentiglGWP) in kilograms ot

carbon dioxide equivalenkg CO2g

NOVEMBER019 7
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LCA taxonomy Project information

o Acidificationpotential (AP) in kilograms of
sulfur dioxide equivant (kg SO2g

o Eutrophicationpotential (EP) in kilograms of
nitrogen equivalentkg N¢

0 Ozone depletion potentiglODP) in kilograms o
trichlorofluoromethane(CFC11¢quivalent kg
CFC11e

0 Smog formation potentialSFP) in kilograms of
ozone equivalentkg O3¢

0 Primary energy consumption (MJ)

Assumptions and scenarios

AHVAC, natural ventilation and HVAC and daylightingyes. Natural ventilatioq no.
daylight simulation performed

ASource, typeand quality of Thematerial quantites were provided by Katerrahis
building data information is considered to be highly accurate.

ABIM model available (Y/N) Yes, but not currently used in this study
Scope

The scopes of the CLTAand the building_-CAare describecgeparately inhis section Each subsection

hereindescribes thdife cycle stages anghysical system boundaries in each analysis.
CLT

CLT panels manufacturedthte Katerra facility are produced with@y, 5ply, 7ply, and 9ply layups,
providing a catalog of panel types that can be specified for a specific design applidigofirst layup
type being manufacturedre 5-ply master panel$.60 irches in total thickness and approximately 60
feet in length and 10 feet in width. The wood spedesibinationused for the CLT panels being
investigated in this project is sprugene-fir (SPF), which has a bodey density of 420 kg/fh Future
plans fo production can include panels ranging from 3.24 inches in total thicknessplgr Bp to 12.42

inches in thickness for-ply. The LCA model is based on a functional unit of df @LT panel.
The life cycle scope of this analysis includes:

1 AL Forstry operation and lumber production
1 A2: Transportation from sawmills to CLT manufacturing facility

1 A3: Onsite CLT manufacturing

Figurel outlines the processes involved in the CLT production system, i.e. the system boundary of the

analysis. The system being evaluated begins at the resources extraction phase and endésiapthiat

NOVEMBER019 8
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of the manufacturing facility The finaimpacts modeled are based on the input and output data for
energy and materialsEmissions from fossil fuel are accounfedin the final results, while biogenic
carbon from biomassased fuels is not included in the resuls detaileddescription associated with

biogenic carbon and carbatorageis included in thesectina w Siadget o/ | G t @ad . dzi f RAy 3

storage¢

Input: Diesel Fuel, Electricity, Water,

Resin, etc.

System Boundary

! 1
] / |
! 1 1
' Transportation to Log |\ | '
: Yard Lumber Preparation :
|

: ! |
' 4 |
1 1
! Seedling Sawing |
: [ | N Finger Jointing :
: ﬂ Transportation to :
: ,[L cLr mill U' !
: Forest Manage- | :
1 ment Drying Layup and Adhesive Ap- \
: plication :
' I3 e -
' 1| 4 |
! 1
' Logging \_ J _ |
1 Pl q Prassing I
| anning .
: L— :
1

| (o) il g .
xtracti 1

: Resource E on Fnkshing !
: Dried Lumber :
' 1
! 1
1 | 1
! 1
! 1
' 1
! 1
1 1
! 1

ﬁ @ Color legend

Qutput: Emissions to air, water and land: resi- All generic data
due, water, ash, GHGs, etc.

Reflects actual transportation distances

Reflects factory data

Figurel. System boundary for CLT production.
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Building scope
The life cyte scope of the building LGdcludes

9 StaggeA: Product and construction process stages

0 Al: Raw mterial extraction
A2: Transportation of materials from material supplythie manufacturing facility
A3: Product and material processing/manufacturing

A4: Transportation of materials from manufacturing facilityttie building site

o O O o

A5: Construction and itellation
1 StageB: Use stage
0 B6: Operational energy use only
9 StageD: Benefits and loads beyond the system boundary

0 Biogenic carbon storage only

For referenceFigure2 presents the standard life cycle stages of a building baseeid 15978 and 1SO
21930.

This study did not evaluate the impacts of materials in life cycle stage B (such as use and maintenance
during building life) andtage Cquch as demolition and disposalatd-of-life) because thelatafor
these stagesend to behighly uncertain and hypothetical, and not enough information abouséhkfe

cycle stages for thisuildingwere availablat the time of the analysis

NOVEMBER019 10
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The physical building scope was limited to core and shell (structure and enclosure) only. Intetibr fit

and tenant improvements, i.e. interior finishes and interior partitions, were not includéephysical

building scope idetailed inTable2.

Table2. LCA building scope

Sub Cs
Category category Item Material code Comments / additional info
Structure = Gravity Beams and Glulam (SPF) 061813 -
system columns
Columns Glulam (AYC) 061816 Exterior columns
Slabs CLT (SPF) 061719 5-Ply CLT8.6in thick
GLT (SPF) 061813 GLT "ribs"
Steel 051200 End rib onnections
Topping slab Gypcrete 035319  2in Maxon
Acoustic Gypcrete 090571 Maxxon
underlayment
Connections Steel 051200  Just for glulam columns and
beams
Girders Steel 051200 @ Steel box beams at atrium
area Level 3
Fireproofing Intumescent paint 078123 1hr fire ratingfor steel girders
paint Class A flame spread
FlameControl Paint in
Concealed Spaces
Lateral BRBs Grout 051200 Cement grout fill
system Steel 051200 BRB incl. gusset plates.
Shear walls CLT (SPF) 061719 7-ply
Foundation | Column footings Concrete (4000 psi) 033130 -
Rebar 032000 -
Mat foundation = Concrete (4000 psi) 033140 -
Rebar 032000 -
Subgrade @ Slabon-grade Concrete (3000 psi) 033030 -
Rebar 032000 | -
Slabon-grade Crushed rock 312300 | -
underlayment
Subgrade Concrete (4000 psi) 033130 -
columns Rebar 032000 -
Subgrade walls = Concrete (4000 psi) 033170 Partial basement
and footings Rebar 032000 -
Suspended slabs Concrete (5000 psi) 033800 PTdeck
Rebar 032000 -
PT steel 032000 -

NOVEMBER019
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Sub
Category category
Enclosure Wall

Item
Exterior glazing

Exterior mullions
Insulation

Exterior wall

Air barrier

Insulated panel
Carrier rails

Hat channels

Finish

Roof Roof CLT

Underlayment
membrane

Insulation build
up

Adhesive

Rigid board

Waterproofing

Subgrade | Insulation

Waterproofing

NOVEMBER019

Material
Glazing

Aluminum
Mineral wool board

CLT (SPF)

Polypropylene fabric
with proprietary
adhesive

Steel and insulation

Alumnum
Galvanized steel
Terra cotta

Prefinished steel
panel

Modified wood
finish

CLT (SPF)
Modified bitumen
membrane

Pdyiso foam
insulation

Polyurethane

TPOmembrane

Glass mat gypsum
panel
SBSnembrane

Extruded
polystyrene
Geotextile

CARBON LEADERSHIREBR, CINTRAFOR
UNIVERSITOF WASHINGTON

C3S
code
088000

084413
072100

074223

072500

072100
072100

074229

074229

074213

097200

074123
075200

072200

075423

075423
072113

075400

072113

071700

Comments / additional info
Triplepane

Storefront mullions

3" mineral wool board
Rockwool Comfortboard 80
1. 3ply (4.125in thick) CLT
panels

2. SelfAdhered Water
Resistive Air Barrier:
Vaproshield Wrap SA

3. Kingspan Karrier Panel

4, Karrier horizontal aluminun
hat channel

5. Terracotta vertical rail
support

Rainscreen with support
fastening system

Prefinished steel

Accoya Acetylated Wood

1. CO'roof structure. 5ply

2. Selfadhered roofing
underlayment membrane
(WIP 300HT)

3. Insulation buileup
including tapered top
(Hunter). 8"+taper

4. Adhesive (Faddual
Cartridge)

6. TPO adhesive (Suvéeld)

5. USG Securerock rigid boar

7. Originally TPO membrane
(Carlisle Syntec), then
replaced with 2ply SBS

2in rigid (R10)

Bentonite gotextile w/
integrated poly liner

13
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As a summary, the LCA scope of the whole buildingdC#ptured byhe LCA taxonomy ihable3.

Table3. LCA taxonomy scope description.

LCA taxonomy
Project information
A Project name
A Project type
A Project architect, engineer, and/or contractor

A Project owner, develogr, and/or manager
A Project construction cost
A Rating scheme

A Rating achieved

A Year of building construction completion
A Year of building commissioning
A Year of occupancy
A Year of refurbishment
Functional unit
Building scale and performance
Area characteristics
A Building footprint area
A Taal gross floor area (GFA)
A Parking lot size
Height characteristics
A Average ceiling height
A Building total height
A Number of stories above grade
A Number of stoies below grade

Projed information

Catalyst Building
Office

Katerra (Architect and Contractor), MGA Consult
Architect, KPFF Structural, McKinstry MEP

Catalyst Spokane
N/A

None. Passivelouse in practice with a net zero
target.

According to McKinstnthe Catalyst Building is
intended to bea zereenergy buildinglink), though
the current, calculatedUl is not yet zero.

TBD 2020
TBD

TBD 2020

Not applicable

Approximately 33,760 SF (3,138 m2)
168,805 SF (15,690 m2)
Not applicable

141t ¢ Oin (office levels)

70ft ¢ Oin

5

1 (for 1/2 of building due to sloped sight)

Relevant technical and functional requirements

A Building use type(s)
A Building occupancy type

A Design number of building occupants

A Design life expectancy in years
A Structural type (per IBC)

NOVEMBER019

Office, Educational
(B) Business

2393. However, tis does not reflect the increase i
occupants at Level 34BternWashingtonUniversity
isadding classrooms).

N/A

Mass Timbegravity and lateral systemsType IV
Heavy Timber.
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LCA taxonomy
Geograplic and site characteristics
A Climate zone (per IECC)

A Landscaping description
Locationc address

A Location- Street address
A Location- city

A Location- state/province
A Location- country

Life cycle scope
Reference study period (RSP)

Life cycle stages

System boundary

CARBON LEADERSHIREBR, CINTRAFOR
UNIVERSITOF WASHINGTON

Projed information

IECC climate zone %8015 International Energy
Conservation Code 2016)

N/A

601 E. Riverside Avenue
Spokane

Washington

United States

N/A

1 Life cycle stage A, whigncludes:
0 Al: Raw material extraction
0 A2: Transportation from material
extraction site to manufacturing facility
0 A3: Manufacturing
0 A4: Transportatio from manufacturing
facility to building site
0 Ab: Constructiorinstallation process
1 Life cycle stage B:
0 B6: Operational energy use only
91 Life cycle stage D:
o0 Biogenic carbon only

Building scope per Omniclass or RICS Professio SeeTable2.

Statenent
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Methodology

This section details the analysis methodology for the LCAYWH-1)i S CLNEhd2itheCatalyst Bilding.

Life cycle assessment

LCA is a tool for evaluating the environmental aspects
_ _ A 2w =2 oA 1. DEFINE GOAL
of a product throughoutitsentiré A ¥S Oe Of S« €--

life cycle stages may include raw material extraction, ~
manufacturing/processing, usage, and disposal. LCA i '

. 2, COLLECT &--- 4, INTERPRET
generally based on the standards provided by ISO INVENTORY RESULTS
14040 and ISO 14044 (ISO 2006a; 1SO 2006b). Sever l¢
required phases arimcluded in the LCA model bake '

3. PERFORM IMPACT EEES
on these standarst goal and scope definition, inventory —
analysis, impactssessment, and interpretatiorilhese l

phases are diagrammed Figure3, which includes
RESULTS
GwSLR2 NI wSadzZ dag +a | FA-

In general, an LCA takes into account the energy and Figure3. The four phases of a LCA frdrie
Cycle Assessment of Buildings: A Practice

material inputs and outputs over a production process Guidg based on ISO 1404Carbon Leadership
. . Forum 2018)

and evaluates the impacts based on primary or
secondary data. Primary data often involves firahd data collectiomhrough surveys, observations,
and experiments specifically designed for the context of the study. An example of primary data may
include collecting the amount of electricity or water used to manufacture a product at the production

facility.

CLT

This section describes the methods for data collection and analysis for the CLT suppndhain
manufacturing processThe data used in this study included primary and secondary data. This section

describes the source and types of data collected.

The CLTCAanalysis includetwo main phaseslumber productionand CLT manufacturing.umber
production includes foresy operation and lumber manufacturing-orestry operations includenergy

and fuel input associated with planting and harvesting.
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Lumbemroduction

Lumber used for Claminationsmanufacturing at the Katerra facility comes fr@@anadian sawmills

and consists of a mix of sprupie-fire (SPF) wood species combinatiofhe environmental impacts of
lumber prodiction were modeled based on2918 LCA report for surfaced dried softwood lumber
published by the Athena Sustainable Materials Insti{#thena Sustainable Materials Institute 2018)

Data associated with the raw matel input, energy consumption, and transportatioresg based on

the data described in the softwood lumber LCA and with the use of different life cycle inventory
database. Since the density of lumbdirectly affectthe impacts of trasportation the impacts
resultingfrom lumber transportation described in the Canadian lumber LCA were scaled using the wood
densityappropriatefor the lumber used at the Katerra facility. All other factors remained unchanged.
Table4 shows thecomponents of lumber production, theurces of the inventory dataand the regios

they cover

Table4. Sources of inventory data for lumber production

Component Source Region
USLCI, with transportation distance mibelil based

Logs on the Canadian lumber LG@aboratory 2012) U.S. Nortiwest
Plastic Strap 2018 DATASMART LCI PacKh@& 2019) North America
Steel Strap Industry Datgworldsteel 2018) Global
Packaging 2018 DATASMART LCI Packa@s 2019) North America
Electricity Ecoinvent 3.%ecoinvent 2019) Canada
Diesel 2018 DATASMART LCI Packh@s 2019) North America
Propane 2018 DATASMART LCI Packb@s 2019) North America
Natural Gas 2018 DATASMART LCI Packb@s 2019) North America
:)(l)?(;?l:)llllc Fluid, lubricants, 41 HATASMART LCI Packags 2019) North America
Waste Ecoinvent 3.%ecoinvent 2019) Global
Transportation USLC(Laboratory 2012) North America

Data collection

Data associated with the production of CLT were cadgét¢hrough surveys, iperson discussions, arad
FIOU2NE aAdGS GArard G2 YIF GSNNI Qa Afstartupy, heyfaddfiytisO G dzNRA y 3
running at a lower capacity but gojectedto quicklyincrease production. Thus, to accouat future

increased production capacity, data used in the analysis were based on the assumption of the facility

running at 85% of its full capacity and produces 187,000f€LT panels. Data collected included
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production capacity, manufacturing processiergy and material inputs, source of raw materials,
logistics, and future production plans. Raw datre collected,organizedand computed for use in the
LCA model. Additional data associated with transportation and production of matar@isas resin
and lumber were obtained from existing life cycle inventory databdsgsire4 through Figure8

contain photos taken onsite at the CLT manufacturing facility, showing the interior and as$iesnbly

operations inside the facility.

Figure4. Interior of the manufacturing facility
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Figure5. Interior of the kiln for lumber drying Figure6. Lumber sorting line

Figure7. CLT panel after layumlue Figure8. Finished panepackaging and
application, and pressing transportation
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Lumber inputs and delivery

The lumber used in the study comes from three differemvmills. One of the sawmills (Radium)
provided 70% of the lumber, while the other two provided the remaining 30% of lumber. Roedded
lumberis purchased by the CLT manufacturing facility at the current stage.average moisture
content of the puchased lumber was assumed to be 1Pepending on the moisture content of the
purchased lumbers, the lumbére-dried in the onsite kiln td2+3%moisture content. Table5 shows

the lumberinputs to CLT manufacturing. Thenber infeed amounis basedn the ovendriedweight

Table5. [ dzY 6 SNJ Ay LJdzi a @ -] & i3 Y& (i § N3 Sdiykiogbaii 2y 2 OSy

Component Sawmill Units Quantity per n? of CLT
Lumber Infeed - m?® 1.19

- odkg 500
Lumber Dévery Radium (70%) tkm 148

Elko (15%) tkm 26

Wynnwood (15%) tkm 16

CLT manufacturing

CLT manufacturing involves several key phases, including lumber preparation, finger jointingaiayup
adhesive application, pressing, and panel finishingltipla steps are involved in each key process
during manufacturing andach steprequiresinputs such as fuel and electricity. For example, lumber
preparation involves lumber selection, drying, grouping, cutting, etc. and nesydifferent equipment

to kiln-dry and cut the lumberTable6 shows the amount of materials and-pooducts included itthe
declared unit ofl. m® of CLT panelThe mass of the CLT produced at the Katerra facility has a specific
gravity (SG) of 0.42 on anen-dry basis, giving the final product an overy mass of 424.52 kg/fim
including both the wood and resin portions. -G@ducts from the manufacturing processes, including
shavings, trimmings, and sawdust, were estimated based on the amount of daily geaseration,

which accounts for approximately 16% of every}ahCLT manufactured.
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Table6. Products and cd JNB RdzOGa | aa20AF G6SR 6 A GK [dfykilograms/ dzF | OG dzNA&A y 3 &

Category Product Units = Quantity per n? of CLT
Primary Product CLT m?3 1
odkg 424.52

Wood Portion odkg 420

Resin (Resin + Primer + Harden kg 4.52
CoProducts odkg @ 80
Total kg 504.52

Resirinput

Resin inputs depend on the thickness and numberysqithe CLT panel. Currentlyp CLT panels
with afinishedthickness of 6.60 inches are being manufactured at the Katerra facility, and therefore,
the numbers shown iffable7 are based on the resin requirement for@y panels. Two types of resins
areused: Ptyurethane (PUR) and Melamine Formaldehyde (MF). MFisassed for finger joiring,

and PURsused for facebonding applied during layupgMF resin (#4720) is manufactured in Oregon,

while PUR resin (#HBX102) and primer are manufactured in lllinois.

Table7. Resin inputfor CLT manufacturing

Resininput Units Quantity perm®of CLT
Melamine Formaldehyde (ME)finger joint kg 0.72
Hardenerg finger joint kg 0.24
Polyurethane (PUR)layup kg 3.06
Primer- layup kg 0.5
MF Transport tkm 0.55
PUR Transport (Truck) tkm 8.99
Primer Transport (Truck) tkm 1.47

Energy Input

The main energy input for CLT manufacturing is electricdiiy onsitekiln is operated using natural gas,
while onsite transportation such as forkliftsepropane and diesel fuel. All other machinery used for
onsite CLT manufacturirage operated using electricity. The electricity inputs of the equipment were

calculated based on the power and percent run time. For example, given that a fingescjore saw

NOVEMBER019 21



[ 7! hC Y! ¢/ND@ATARYST BUNOI CARBON LEADERSHIREBR, CINTRAFOR
FINAL REPORT UNIVERSITOF WASHINGTON

ran 100% of the time with a motor power of 7.46 kW, the hourly energy consumption for this

equipment was calculated to be 6.34 kWh, assuming-ad&@ daily operation time at 85%ill capacity.
In this study two modelsare considered:

1. Baseline model.The baseline modelonsiderghe processes and equipment that are known to
be currently in operation at the CLT facility arakdnot account for equipment or processes
that are possible additions for futureLC manufacturing

2. Conservative model.The conservative model accounts for all current and possible future
additional equipment. The conservative modehsiderd & 4@ IN&E S ¢  ar@Siyighsth 2
a 100% machine run time is assumed fddigional equipment that doot yet have a run time

scheduled.

The total energy input involved in each of the manufacturing preessnder the baseline model is

shown inTable8, and the energy input for the coesrative model is shown ihable9.

Table8. The energy input for CLT manufacturing,dseline model.

Input Unit Quantity per n? of CLT
Lumber infeed kWh 30.97
m?® of natural gas 2.6
Finge jointing kWh 17.79
kg of resin + hardener 0.96
Board sorting kWh 17.64
Layup and adhesive application kWh 1.15
kg of resin + primer 3.56
kg of primer 0.5
Pressing kWh 2.52
Panel finishing kWh 17.12
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Table9. Energy mput for CLT manufacturing, conservative model.

Input Unit Quantity per n¥ of CLT
Lumber infeed kWh 35.58
m?® of natural gas 2.6
Finger jointing kWh 18.55
kg of resin + hardener 0.96
Board sorting kWh 30.2
Layup and adhesive application kWh 1.15
kg of resin + primer 3.56
kg of primer 0.5
Pressing kWh 6.19
Panel finishing kWh 37.83

Life cycle impact assessment

Inventory analysis is performed by incorporating the collected data and can be analyzed using a range of
software tools and models. FQCl analysis, SimaRmersion 9and the Tool for the Reduction and
Assessment of Chemical and Other Environmental Impacts (TWRASIdN 2. wasused to model the
environmental impacts from the processes associated with CLT produdt®ACis a metha

developed by the U.S. Environmental Protection Agency (EPA) to estimate the environmental impacts of
a specific process system and is integrated in SimaPro (versi@in3Pro is a software tool for

modeling production and processing systems fromeadifcle perspective based on the system flow
developed by the user. TRACI includes the five mandatory impact categories required for wood
products in North Americé-PInnovations 2015ylobal warming, acidification, eutrophication, smog
formation, and ozone depletionTRACI uses a niner of impact indicators at different scales to present
GKS £S@St 2F AYLIOG FTNRBY I LINRRdAzOGIQa tAFS Oelf So
analysis, TRACI was selected because it is designed specifically for the U.S., whichcoradisteitt

with the area of interest for this researchin addition, the Cumiative Energy Demand (CED) wasdus

to calcuhte the primary energy consumption. The CED calculation was based on data published by
Ecoinvent and was incorporated into SimaBsoan energy estimation methdtlischieret al.2010; PRé

2019)

An LCA database contains measurements of material, enangyeravironmental flows in and out of the

production system for a defined amount of product. Existing LCA databases that are commonly used in
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North America include the U.S. Life Cycle Inventory Database (USLCI). The USLCI was developed by the
National Reawable Energy Laboratory (NREL) and contains individual accounting data of energy and

material flows associated with many production systems. The ecoinvent datalaasaEso used.

Catalyst Building

This section discusses thwaterial quanity dataand LCA data for the LCA of the Catalyst Buildiing
LCA impacts for th€atalyst Bilding were calculated by 1) collecting material quantities, 2) collecting
LCA data for the materials, and 3) multiplying the material quantities with the &@A @perational

energy was also assessed separately.
Material quantitiesand LCA data

The CLF team provided a template (as an Excetdiketerrato fill in material quantities for the
Catalyst BuildingAfter receivirg the material descriptions and quantitigke CLF team collected LCA
data to match the materials used on the projeGome unit conversions wedonein order to match
the quantity units to the LCA data unit¥he final material quantities and LCA dag&dection are shown
in Tablel0.

TheCLF team selectduliildingLCA datgrimarily from the Athena Impact Estimateersion 5.2, using

life cycle stage A (AA5) impacts onlyAthena was selected to be the primary source of LEZabse it

isa reputable source of LCA dagpecific to the building industry and North Ameridais also free to

use and was developda)y the same organization that developed the softwood lumber data used in the

study.

For some materials on the projeethena suitable material could not be found from the Athena
database, a similar substitute material was usdthis wasometimesan alternate material from
Athenag sometimes from the Quartz database, which is an epaurce, buildingspecific, North
American LCA databasand sometimedrom an environmental product declaratio&PD. The specific
EPDwised in this study arshown inTable10. When a suitable North American EPD could not hedp
a European EPD was used. Hosvethe European EPDs used @WIL characterization methodology
instead of TRACI 2.Wvhich meant thatutrophication and smog formation potentidata could not be
used because they had units that did not match TRACIIA.these instances, theutrophication and
smog formation potential valuesere set to zerato avoid inflating the results in these categori€dome

EPD®nly covered AL, A3 instead of At A5. These discrepancies are also indicatethinel0. It
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Table10. Material quantities and LCA data sourcesr fthe Catalyst Building

Sub
Category category

Structure

Gravity system

Foundation Lateral system

Sub
grade

NOVEMBER019

Item
Beams and
columns
Columns

Sab

Topping slab
Acoustic

underlayment
Connections

Girders

Fireproofing
paint

BRBs

Shear walls

Column

footings

Mat foundation

Slabon-grade

Material
Glulam (SPF)

Glulam (AYC)

CLT (SPF)

GLT (SPF)

Steel
Gypcrete

Gypcrete

Steel
Steel

Intumescent
paint

Grout
Steel

CLT (SPF)

Concrete
(4000 psi)
Rebar

Concrete
(4000 psi)
Rebar

Concrete
(3000 psi)
Rebar

Quantity
1593

33

2291

573

23.9
534

10519

22.8
41.2

242

4.3
18.3

430

95
4.2
471
23.0
353

17.3

Units
m3

m3

m3

m3

tonnes
m3

m2

tonnes
tonnes

m2

tonnes

tonnes

m3

m3

tonnes

m3

tonnes

m3

tonnes

LCA data
source
Athena

Athena

CINTRA
FOR
Athena
Athena

Athena

Athena
(modified)
Athena
(modified)
Athena

Athena
EPD (CML
Al-A3
only)
Athena
Athena
CINTRA
FOR /
Athena
Athena
Athena
Athena
Athena

Athena

Athena

6iK24a8 dzaAy3

LCA material
name
GluLam
Sections
GluLam
Sections
Katerra CLT

GluLam
Sections
Steel Plate
Lightweight
concrete
Lightweight
concrete
Steel Plate

Hollow
Structural Steel
Hensotherm
Intumescent
Paint (Rudolf
Hensel GmbH
2014)

Portland
Cement
Hollow
Structural Steel
Katerra CLT

Concrete mix
#3
RebarRod,
Light Sections
Concrete mix
#3

Rebar, Rod,
Light Sections
Concrete mix
#1

Rebar Rod,
Light Sections
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Sub LCA data LCA material
Category category Item Material Quantity Units  source name
Slabon-grade | Crushed rock = 552 m3 Athena Coarse
underlayment Aggregate
Crushed Stone
Subgrade Concrete 20 m3 Athena Concrete mix
columns (4000 psi) #2
Rebar 2.4 tonnes Athena Rebar, Rod,
Light Sections
Subgrade walls  Concrete 285 m3 Athena Concrete mix
andfootings (4000 psi) #3
Rebar 20.5 tonnes Athena Rebar, Rod,
Light Sections
Suspended Concrete 287 m3 Athena Concrete mix
slabs (5000 psi) #5
Rebar 10.2 tonnes = Athena Rebar, Rod,
Light Sections
PT steel 6.4 tonnes = Athena PT steel
(modified)
9_; = Exterior glazing Glazing 2363 m2 Athena Triple Glazed
g = Soft Coated Air
g Exterior Aluminum 2.3 tonnes Athena Aluminum
w mullions Window Frame
Insulation Mineral wool = 3383 m2 EPD (CML Rockwool®
board Stone Wool
Insulatiorn
(Rockwool
North America
2019)
Exterior wall CLT (SPF) 3383 m2 CINTRA | Katerra CLT
FOR/
Athena
Air barrier Polypropylene 3383 m2 Athena Polypropylene
fabric with Scrim Kraft
proprietary Vapour
adhesive Retader Cloth
Insulated panel Steel and 3383 m2 EPD Kingspan
proprietary Quadcore
insulation Insulated Metal
Panel(Kingspan
2019)
Carrier rails Aluminum 21.7 tonnes = Athena Aluminum
Extrusion
Hat channels Galvanized 14.3 tonnes = Athena Galvanized
steel Studs
Finish Terra cotta 2417 m2 Athena Clay Tile
Prefinished 1015 m2 Athena Galvanized
steel panel Sheet
Modified 474 m2 EPD (CML Accoya®
wood finish Al-A3 Modified
only) Wood* (Accsys
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Sub LCA data LCA material
Category category Item Material Quantity Units  source name
Technologies
PLC 2015)
5 Roof CLT CLT (SPF) 2956 m2 CINTRA | Katerra CLT
& FOR
Athena
Underlayment =~ Modified 2956 m2 Athena Modified
membrane bitumen Bitumen
membrane membrane
Insulation Polyiso foam @ 2956 m2 Athena Polyiso Foam
build-up insulation Board (unfaced)
Adhesive Polyurethane = 2956 m2 Quartz Polyurethane
flooring
adhesive*
TPO 2956 m2 Athena GAF
membrane Everguard©
white TPO
membrane 80
mil
Rigid board Glass mat 2956 m2 Athena 5/8" Glass Mat
gypsum panel Gypsum Panel
Waterproofing = SBS 2956 m2 EPD SBSModified
membrane Bitumen
Roofing
Membrare
(Asphalt
Roofing
Manufacturers
Association
2016)
o Insulation Extruded 188 m3 Athena Extruded
@ S polystyrene Polystyrene
= Waterproofing = Geotextile 174 m2 Athena 6mil
Polyethylene

* A4-A5 not covered
U UsedCML characterization method, not TRACI 2.1

Out of the 47 materials considered in the building, only five used EPD Bgtamass, only about 6% of
the data was based on EPDs. By GWP contribution, 10% of the data was based on EPDs, most of it

coming from the Kingspan steel insulated panel EPD.

Concrete LCA data were based on actual mix design submittals from the pr@ethe $ollowing
adzoaSOGA2Y G/ 2yONBGSe F2NI Y2NB AYyF2NNIGA2Yy O

The specific deviations from usiggnericAthena data are:
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9 CLTThe wood CLT data wpsovided by the CINTRAFOR team. Since the data extended only
from ALA4, he CLFteardza SR ! { K SyQroS&amiRated Timb&rao fill in thdata for
AS.
1 Gypcrete The research team could not find an EPD for Maxxon gypcrete. Product spec sheets
did not provide information about the compositional ratios. Therefosgagete was
I LILINE E A Y I (i SIRghtiveight ICdn&réle/ hodified to convert frami K Sy | Q& ao6f 2 O ¢
unitsto the volumetricunits for gypcrete.
1 Intumescent paint Athena did not have an item for intumescent paint, and neither did Quartz.
The CLF team found two EPDs for intumescent pairg,by Amonn®.F. Amonn SriColor
Division Srl/GmbH 201@nd one by Rudolf Hensel GmRudolf Hensel GmbH 2014Katerra
did not specify a particular brand of intumescent paint, therefore the CLF team picked the EPD
that had the slightly higher GWP value, which was the Rudolf Hensel ffiarthe Amonn
brand, the GWP for steel coating was 2.4 kg CO2e/kg paint, life cycle stagds Wiile for the
Rudolf Hensel brand, the GWP was 2.5 kg CO2e/kg paint, life cycle stafygs Ahe
conversion from weight of paint to area of coverage fimd from the Amonn EPD, which
provided ranges of 2061400 g paint/m2 of coverage (one as high as 4000), depending on the
receiving surface. For this study, the conversion was approximated as 1 kg paioft / m
coverage.
 PTsteelPrestressingsteed | & | LILWINREAYI GSR (2 KI @S R2dzt S (K¢
regular rebar.This is a reasonable assumption, given that EPDs festmssing steel have
D2t Qa NJ y 342/7%g COREKY stegHjulsbro Steel AB 2016; Ferrometall AS 2015)
1 Mineral wool board The sgcific product used on the project was Rockwool Comfortboard 80,
which was a rigid mineral wool produchthena had mineralwoad ¢ a2 ¢ 0 X GKAOK gl & |
to be its most common form of batt insulation, but it hadthing specifically described as
mineralwool board. Therefore, a Rockwool mineral wool board EPD was found and used to
represent mineral wool board.
1 Insulated metal panel Athena had an insulated metal pariem in its databasgbut its GWP
value was suspiciously large (orders of magnitudgdiathan that of the actugtroduct used in

the building), therefore an EPD for the actual product was used instéad.EPD$or Kingspan
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Karrier panels weravailable from the Kingspan Certifications websitd) an SIP panel, which
had polyisocyanuratinsulation and was described as being the more standard option, and 2) a
Quadcore option, which seemed more technologically advanced. The Quadcore option was
selected for this study because it hdwk slightly higher GWP value, making it a slighttye
conservativechoice.

1 Modified wood finish The modified wood finish/cladding used in the building was Accoya
Acetylated Wood.There was no matching item for this in Athena, but there was an EPD for the
specific productAccsys Technologies PLC 201%wever, this EPfresented negative GWP
g tdzSaz 6KAOK gl & AyO2yaradasSyid gAGK ¢w! /L |yR
biogenic arbon. Therefore, a separate Accoya cradlgate carbon footprint LCA repontas
consulted for nomegativeGWP value¢Trueman 2012)Both sources provided results for
multiple wood speciesbut the wood species did not overlhptween the two sourcesin the
end, the GWP impaavas basedoti ! f RSNJ | ®{ ®¢ Tad@afl théickh&r infpdcts NI LJ2 NJ
were basedomt wl RAF Gt Ay Sidcethie EBDYid GoKhave 9 £ RS 6l | & ®¢ 0 @

1 Polyurethaney C2NJ GKS NR2FAYy3 I RKSaA@Ss GKS odzaif RAy3
which is awo-component polyurethane adhesiveAthena did not have a polyurethane product
or an adhesive product in its database. QuarR diK | @S & LR f 8 dzNBGKI yS Ff 22N
data was used. The conversion frequare metergquantity measured) to kg (LCA data) was
performed using information from the Carlisle product spec sli€erlisle Syntec Systems
2018)

 SBSmembrand 4§ KSyl+ RAR y284 KIFE@S Fye {.{ YSYONIySa &
0AldzYSYy YSYoNIySz¢é anodifiokbituingn nmierbyakel Hdowkvérzthel v { . {
impactsin Athena were given per kg of product, which would have required making
assumptions about quantity of product used per unit area. Therefore, it was deemed more
expedient and representative to use the industrtyerage EPD f@BSModified Bitumen
Roofing Membrangublished by theAsphalt Ro& A Y3 a | y dzF I Ol daNghan a ! 442 OA
Roofing Manufacturers Association 201&hich provided the impacts in the same units as the

material quantities (square meters).

1 https://www.kingspan.com/us/erus/aboutkingspan/kingspaiinsulatedpanels/certifications
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After the material quantities and L@#Apactdata selection were finalized, the material quantities were
multiplied with theLCAmpactdata to produce the overall building LCA impacts. The results were then
divided by the grosmternal loor areaof the building(15,690 nf) in order to normalize the impacts per

unit area, as isommon in building LCAs. Tiesults are preseated in thedResults section.
Concrete

Katerrawas able to provideoncrete mix submittals from the actual projedk. description of these mix
designdrom the submittalds shown inTablell. The mixes are numberedcl6 here for gmplicity, and
correspond to the concrete mix designsTiable1l0. Since he mix designs were not categorized in
exactly the same way as the concrete quantity déia,research team made some assumptions in
assigninghe mix designs to the concrete quantity data. cases wheréhere was some uncertainty, the
research teanselectedthe more conservative (higher GWP) mix design option for the building
component. The building componestassumed foeach mix design is stvn inTablell. As a result of

these assumptiongwo mix designs were not used in this analysis.

Tablell. Concrete mix design desptions from project submittals ancassumedbuilding component.

Design
Concrete Mix Building concrete
mix # Mix Code Description Mix Usage component  strength
1 313560 3500 PSI 3/ 4" INTERIOR MISC INTERIOR CONCIF Slabon- 3000 psi
& NONEXPOSED INTERIOR SLAB: grade
GRADE
2 314060 4000 PSI 3/ 4" INTERIOR COLUMNS & SHEARSV, Subgrade 4000 psi
columns
3 314066 4000 PSI 3/ 4" EXTERIOR BASEMENT WALLS, SF Mat 4000 psi
FOOTINGS, MAT FOUNDATIONS, foundation
EXTERIOR SLABS ON GRADE, SI1
WALLS & MISC. EXTERIOR CONC
4 315060 5000 PSI 3/ 4" INTERIOR MILD REINFORCED SL/ Not assigned N/A
AND BEAMS (N/A)
5 320250 5000 PSI 3/ 4" INTERIOR, WRA, HRWRA P/ T SLA Suspended @ 5000 psi
AND BEAMS slabs
6 315061 5000 PSI 3/ 4" INTERIOR SRA EXPOSED INTERIC N/A N/A

SLABS ON GRADE
¢tKS4S YAE RS&aAdya 6SNRBYSORYNNE (8y A E! RESVEYa Y dazt

/| 2y ONB (S aiE 5S4 Apargentgd coidbi@ns fiom eadrinfatgrial byivkeight. The

admixtures were ignored because they were a negligible percentage of the overalinthsscause
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Athenadid not have LCA data for admixtures. A sample screenshot of the mix design data entry is

shown inFigure9.

Figure9® { I YLX § YAE RSaA3y RFEGI SydNB Ayi2 ! GKSylQa /2y ONB
These percentge contributions in each of the mixes are summarized@alel2, along with the weight

per cubic meter and the global warming potentiasultfrom Athena.

Table12. Concrete mix percentagdsy weight, total density> Yy R NX adz GAy3 D2t FNRY ! (iKS
design tool.

Concrete nix percentage contributiondy weight Concrete

Fine Coarse Grand density GWP (kg
# Cement  Slag aggregate = aggregate =~ Water total (tonnes/m?d) CO2e/n?)
1 10.8% 2.7% 32.9% 46.8% 6.8% 100% 1.79 259
2 11.7% 2.9% 32.3% 46.5% 6.6% 100% 1.80 281
3 13.1% 3.2% 26.7% 49.7% 7.2% 100% 1.61 315
4 13.5% 2.4% 31.1% 46.8% 6.3% 100% 181 322
5 13.9% 2.5% 31.7% 45.%% 6.4% 100% 1.81 330
6 13.5% 2.3% 31.5% 46.4% 6.2% 100% 1.82 322
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