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Carbon Benefits of Wood

* Less energy intensive to
manufacture than steel or
concrete

e Less fossil fuel consumed
during manufacture

 Reduce process emissions

« Carbon storage in forests
and promote forest health

« Extended carbon storage in
products
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Common Environmental

Concerns About
Specifying Wood

1. Is North America running
out of forests?

2. Does specifying wood
products contribute to
deforestation?

3. Is wood is a renewable
resource”?



U.S. Forest Land:
Forest Area in the United States 1630 — 2017
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Source: USDA-Forest Service, Forest Resources of the United States, 2017 (2018)



State of our Forests: US Timber Volume on Timberland
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US Forest Lands S —

This map displays the basic vegetation Sforest vs. non-forest) of the conterminous United States as well as
ownership (private vs. public). The lands displayed as “public” include Federal and State lands but do not

generally include lands owned by local governments and municipalities,
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U S F O reSt La n d S Forest Land Ownership

This map displays the basic vegetation (forest vs. non-forest) of the conterminous United States as well as
ownership (private vs. public). The lands displayed as “public” include Federal and State lands but do not
generally include lands owned by local governments and municipalities,
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U S F o reSt La n ds Forest Land Ownership

This map displays the basic vegetation (forest vs. non-forest) of the conterminous United States as well as
ownership (private vs. public). The lands displayed as “public” include Federal and State lands but do not
generally include lands owned by local governments and municipalities,

Economic value of forest
products is motivation for
private landowners to keep
land forested
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Regeneration vs. Deforestation

Deforestation is the permanent

conversion of forest land to non-
rest land uses. Worldwide,
ricultural expansion is the main

Source: State of the World’s Forests—2020— FAO and UNEP, USDA Forest Service, US Forest Resource Facts and Historical Trends FS-1034 (2014)






Understanding the Role

of Embodied Carbon in
Climate Smart Buildings
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https://www.thinkwood.com/blog/understanding-the-role-of-embodied-carbon-in-climate-smart-buildings
https://1r4scx402tmr26fqa93wk6an-wpengine.netdna-ssl.com/wp-content/uploads/2020/08/AR0920_CEU_THINKWOOD-13.pdf
https://www.thinkwood.com/education/impact-wood-use-north-american-forests

WoodWorks Carbon Calculator

v Volume of wood used:

* Available at woodworks.org 208,320 cubic feet

U.S. and Canadian forests grow this much wood in:
17 minutes

« Estimates total wood mass in a building

 Provides estimated carbon impacts: c e e e

° i Avoided greenhouse gas emissions:
Amount of carbon stored in wood | 6@e| 5%9; mete tone of cO.

. TOTAL POTENTIAL CARBON BENEFIT:
Amount Of gree_nhouse gas ] V 13,958 metric tons of CO;
emissions avoided by choosing =
wood over a non-wood material EQUIVALENT TO:

ﬁ 2,666 cars off the road for a year

Source; US EPA

ﬂ Energy to operate a home for 1,186 years

A WOOoD -
PRODUCTS

COUNCIL. A 4

http://www.woodworks.org/carbon-calculator-download-form/
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Copyright Materials

This presentation is protected by US
and International Copyright laws.
Reproduction, distribution, display and use of
the presentation without written permission
of the speaker is prohibited.

© The Wood Products Council 2022

Funding provided in part by the Softwood Lumber Board

Disclaimer: The information in this presentation, including, without limitation, references to information contained in other
publications or made available by other sources (collectively “information”) should not be used or relied upon for any
application without competent professional examination and verification of its accuracy, suitability, code compliance and
applicability by a licensed engineer, architect or other professional. Neither the Wood Products Council nor its employees,
consultants, nor any other individuals or entities who contributed to the information make any warranty, representative or
guarantee, expressed or implied, that the information is suitable for any general or particular use, that it is compliant with
applicable law, codes or ordinances, or that it is free from infringement of any patent(s), nor do they assume any legal liability
or responsibility for the use, application of and/or reference to the information. Anyone making use of the information in any
manner assumes all liability arising from such use.



Carbon and Cost:
Evaluating the Impact of Different

Structural Systems

Presented by Greg Kingsley, PE, PhD KL &)A
v Er ngine Builders

Disclaimer: This presentation was developed by a third party and is not
funded by WoodWorks or the Softwood Lumber Board.



“The Wood Products Council” is a
Registered Provider with The American
Institute of Architects Continuing
Education Systems (AIA/CES), Provider
#G516.

Credit(s) earned on completion of this
course will be reported to AIA CES for
AlIA members. Certificates of Completion
for both AIA members and non-AIA
members are available upon request.

This course is registered with AIA CES
for continuing professional education.
As such, it does not include content
that may be deemed or construed to
be an approval or endorsement by the
AlA of any material of construction or
any method or manner of handling,
using, distributing, or dealing in any
material or product.

Questions related to specific materials, methods,
and services will be addressed at the conclusion of
this presentation.
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Course Description

The spotlight for green construction once held by operational energy
efficiency has shifted to material choice and embodied carbon—and

which building products should be specified to achieve a more sustainable
structure. However, to meet a client’s sustainability goals and budget, we
cannot look at embodied carbon impacts of structural systems in a vacuum.
Costs and carbon impacts can be looked at concurrently.

This presentation will highlight a recent project where these topics

were studied in depth. KL&A Engineers and Builders will present the results
of an LCA study comparing the embodied carbon, construction costs and
speed of construction of three functionally equivalent buildings in mass
timber, steel and concrete. They’ll review the methodology,

assumptions, analysis and results to better understand the impact of each
system on embodied carbon and economy for a given project.



Learning Objectives

1. Review carbon basics and how material choice is related to
sustainability.

2. Examine characteristics of wood products that can have positive
environmental impacts.

3. Understand carbon storage in wood products.

4. Evaluate case studies illustrating the benefits of wood construction
from a sustainability perspective.
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PLATTE 15 UNDER CONSTRUCTION

50+ ft panels
span five 10 ft bays




PLATTE 15 UNDER CONSTRUCTION










PLATTE 15 UNDER CONSTRUCTION

2,000 sf / day
with 6-8 laborers
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PLATTE 15
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Embodied Carbon Operational Carbon
Manufacture, transport and Building energy consumption
installation of construction materials

Source image: Carbon Leadership Forum Image by Skanska




OPERATIONAL VS EMBODIED CARBON

CARBON EMISSIONS

Typical High Performance Commercial Building

40

Operations ¢

60% |

CUMULATIVE CARBON EMISSIONS
1000 kg CO.eq.

2020 2030 2040 2050 2060 2070 2080 2090 2100 mno 220

Initial embodied carbon of buildings with respect to operational energy over 50 years varies with building type:
Office 50%
Residential 62%
Warehouse 66%



CONSTRUCTION INDUSTRY = 39% +

Annual Global CO, Emissions Annual Global CO. Emissions

. 28%
“. Building Operations

S 11%
* Building Materials
& Construction

(CORE AND SHELL)

Steel (10%)
Aluminum (2%)

L 7 23%
Concrete (11%)



WHAT IS THE INDUSTRY DOING ABOUT IT?

AIA DARK COLORS =
OPERATIONAL & EMBODIED
2030
LIGHT COLORS =
. RENEWABLE OPERATIONAL & EMBODIED

Clnmikiing o Dans 2015 2020 2025 2030 2035 2040 2045 2050
I : ' ZERO 7ERO
KL&A 2020 OPERATIONAL 7ERO EMBODIED
SIGNATORY OPERATIONAL m
E.El. & EMBODIED SE.‘ZB___
ZERO EMBODIED HEP ot
BY 2040 el <



WHAT IS NET ZERO?

* CURRENT DAY = NET ZERO OPERATIONAL
* FUTURE = NET ZERO OPERATIONAL & EMBODIED

o ——

* HOW TO ACHIEVE NET ZERO?/""J T




MEASURING EMBODIED CARBON - TERMINOLOGY

* GWP = GLOBAL WARMING POTENTIAL (kgCO,eq)

* EPD=ENVIRONMENTAL PRODUCT DECLARATION

Nutrition Facts 1 O
* LCA = LIFE CYCLE ASSESSMENT e ORE

Arvoort Per Sarvioy

Calories 20 2iones fmm Fat 12 INGREDIENTS: INBLEACHED ENRCHED HOUR

- (OHEAT ROUR. NIACIN, REDUCED IRON. THIAMINE

e — NONOMTA [VETANON

Totai Fat * 1y 20 B FOUC CANOLA
saturated Fat 359 0L, COCOA (PROCESSED WAT B MM

- FRUCTOSE CORM SYRUP. LEAVENNG @AING SO0A

* SMQ =STRUCTURAL MATERIAL QUANTITIES

r'y e
oL L ANDOR CALCRM  PHOSPWATE], ST SOV
Cholesterol LRE (£0THeN CHOCOLATE, ARTIFICIAL FLAVOR

Sodiom 270mg LB couvams: weat, soY




MEASURING EMBODIED CARBON — WHY?

* UNDERSTAND & IDENTIFY HOT SPOTS
e UNDERSTAND THE IMPACT OF MODIFICATIONS & INNOVATIONS

* VALIDATE DECISIONS & INVESTMENTS

Photo by Verstappen Photography on Unsplash



MEASURING EMBODIED CARBON — LIFE CYCLE ASSESSMENT
CRADLE TO GATE

\ 4

CRADLE TO GRAVE
i Life Cycle Stages & Study Scope
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Figure 3. Life Cycle Stages® as defined by EN 15978. Processes included in Tally modeling scope are shown in bold. Italics indicate optional processes.



BUY CLEAN LEGISLATION — STATE & LOCAL

BUY CLEAN CALIFORNIA

2017
First case of Buy Clean legislation in
the US

* January 1, 2022
establish acceptable GWP limits

* July1, 2022
Takes effect

State embodied carbon policy introduced but
State Buy Clean legisiation passed g § and/or city policy

Source: https://carbonleadershipforum.org/clf-policy-toolkit/



BUY CLEAN LEGISLATION — STATE & LOCAL

* Los Angeles, CA

* QOakland, CA

* San Francisco, CA
* Marin County, CA

* Portland, OR
* Eugene, OR

* Seattle, WA
* King County, WA

* Phoenix, AZ

* Austin, TX
* Houston, TX

Boston, MA
Newton, MA
Somerville, MA

Port Authority, NY
NJ
Hudson, NY

Honolulu, HI

Albany, CA
Dublin, CA
Toronto, ON
Vancouver, BC

State Buy Clean legisiation passed

State embodied carbon policy introduced but
not passed and/or city policy passed

Source: https://carbonleadershipforum.org/clf-policy-toolkit/ c



MEASURING EMBODIED CARBON - IN PRACTICE

KL&A NATIONAL
DATABASE DATABASE

/

- = Athena
fi o~ TaL ﬁ ]!m%aclllegstimator b OUR
- - (4 %) 1 ¥ or pulaings I
" # C ‘:{‘;-"'.f'-'."'-' # e é

e = LCA CLIENTS
gy i Ky

STRUCTURAL PRODUCT LEVEL STRUCTURE IMPACT REPORT

MATERIAL LIFE CYCLE LEVEL LIFE CYCLE
QUANTITIES ASSESSMENT ASSESSMENT

(SMQ) (EPD, LCI) (LCA)



https://info.thinkwood.com/platte-fifteen-life-cycle-assessment
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https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Finfo.thinkwood.com%2Fplatte-fifteen-life-cycle-assessment&data=04%7C01%7C%7C92e000a82f214c6d660008d9663faf29%7C4932c9e35fff451493a8cb12f3e21ccc%7C0%7C0%7C637653245976883188%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=fF1nI9h1M5r6b0r9AW1UOqur3S%2B1KMCdJqAz6hKt2D0%3D&reserved=0
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LIFE CYCLE ASSESSMENT SCOPE

CRADLE TO GATE
CRADLE TO GRAVE
Lifei Cycle Stages & Study Scope
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Figure 3. Life Cycle Stages® as defined by EN 15978. Processes included in Tally modeling scope are shown in bold. Italics indicate optional processes.




BIOGENIC CARBON

CRADLE TO GATE
CRADLE TO GRAVE

MATERIAL PHASE
A

W————

Dynamic LCA Comparison

\ 4

BUILDING LIFESPAN END OF LIFE
) |
[

LANDFILL

|

CONSTRUCTION
RECYCLING

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

METHAN@—D 1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
L
1
1
1

TRANSPORTATION

HARMFUL EMISSIONS

REMAIN IN ATMOSPHERE PERMANENTLY

MANUEACTURING B INCREASE RADIATIVE FORCING

I\F‘LANTIHE

PHOTOSYNTHETIC
DRAWDOWN

STAGE A
(NEGATIVE)

LANDFILL

NET POSTIVE
GWP IMPACT

EMissions ——

CHP

MEANINGFUL CARBON STORAGE
NO INCREASE IN RADIATIVE FORCING & LESS
CARBON IN THE ATMOSP HERE

M
M
BIOCHAR
RECYCLE
RE-USE
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PLATTE FIFTEEN LCA STUDY

Total GWP/M? Per . Total GWP/M? Above Podium —
Building System =, Slab Per Building System ee=diica,
350 At 160
300 140
= |
T 2% Moteriols T - Materials
- 9
& 200 B wood o " M Wood
b
g s B Motals ;‘)’ 80 B Metols
g Concrete g &0 Concrete
& 00 B Mosonry 5 40 B Masonry
50 1]
20
0 0
Mass Timber Steel Concrete

Mass Timber Stead Concrote



PLATTE FIFTEEN LCA STUDY

Percent Mass to Percent GWP g -
Per Material Above Podium Slab ;
100% — 4
=] ml
90% I. |
80%
70% Materials
60% B Wood
°0% Metals
ot Concrete
30%
20%
10%
0%
SMQ GWP SMQ GWP SMQ GWP

Mass Timber Steel Concrete



PLATTE FIFTEEN LCA STUDY

Total GWP/M? Per | v
Life Cycle Stage ; m

300 : —— s
250
= Building
& Systems
£ 200 4
o
o B Mass Timber
V)
2 180 B stee
g Concrete
= 100
o
50 Tally Mix Assumptions
< for Wood:
- i . e  65.5% landfill
0 e o e 17.5% incineration
[A1-A3] Product [A4] Transportation (82-B5) [C2-C4] Ena of Life (0] Module D
Maintenance and * 17.5% recycle
Replocement
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BIOGENIC CARBON AT END OF LIFE




LONG LIFE, LOOSE FIT
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MATERIAL COST (STRUCTURE AND VERTICAL ENCLOSURE)

Cost Premium Over Steel (%)

Concrete System B Mass Timber System

Steel: Lowest

= Baseline
3.27

Raw Material Installed

Mass Timber:
Highest



SUPERSTRUCTURE

Cost Premium Over Steel (%)

Concrete System B Mass Timber System

Mass Timber:
Baseline time 3.27

Raw Material Installed

3.2

Structure Construction
D - -
0 1 2 3 4

Steel:

5 b 7 B Q

Concrete:
+ 3.5 months



TOTAL BUILDING COST

Cost Premium Over Steel (%)

Concrete System B Mass Timber System

Mass Timber:
Baseline time

Structure Construction

Whole Building
Construction

3.27
Raw Material Installed
39
1.55

o
[ %]
3
B
o
o
~J
oo
O

Concrete:
+ 3.5 mos



EMBODIED CARBON COST vs. DOLLAR COST

Structural System GWP and
Whole Building Cost (%)

Mass Timber:
Baseline 400%

350%

300%

250%

200%

GWP

GWP

150%

The Gap The Gap

-
7
A
o

O

Mass Timber Steel Concrete

100%

50%

n

Concrete

“The Gap” in this study is less than 2% of building cost



WHY MASS TIMBER?

* LOOKS GREAT!

 HEALTHY ENVIRONMENT
(BIOPHILIA)

* HIGH LEASE RATES

* HIGH LEASING VELOCITY




WHY MASS TIMBER?

* IS FAST

* REQUIRES LIMITED LABOR
* IS QUIET

* HAS LITTLE WASTE

* REDUCES CONSTRUCTION
TRAFFIC




WHY MASS TIMBER?

« RENEWABLE R I .
« REUSABLE, EASE OF
DECONSTRUCTION VA% Q

* SUPPORTS FOREST HEALTH

- SUPPORTS RURAL ECONOMIES N ” . e..

» SEQUESTERS CARBON / LOW - Rl =
EMBODIED CARBON " . W

(50% CARBON BY DRY WEIGHT) lcksandar RadRiGONIGon Unspas







Y QUESTIONS?

This concludes The American Institute
of Architects Continuing Education
Systems Course

Greg Kingsley

KL&A Engineers and Builders

gkingsley@klaa.com
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