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WHAT IS EMBODIED CARBON?
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WHY ?
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Bices to reduce your contribution to climate change
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Hang dry Recycle Wash Replace Eat a plant Switch Buy green  Avoid one Live
clothes clothes in typical car based electriccar  energy transatlantic  car free fewer child
cold water  with hybrid diet to car free flight

Moderate Impact High Impact

0.8-0.2tCO.e >0.8tCO,e

nmental Research Letters
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dices to reduce your contribution to climate change

Save 10 cubic

yards of
concrete’:
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Hang dry Recycle Wash Replace Eat a plant Switch Buy green  Avoid one Live Have one
clothes clothes in typical car based electriccar  energy transatlantic  car free fewer child

cold water  with hybrid diet to car free flight * ~200 kg COZ,e / cubic
yard for 3 ksi ready-mix

Moderate Impact ngh Impact concrete (based on 2022

NRMCA regional averages)
0.8-0.2tCO.e >0.8tCO,e

as, 2017, Environmental Research Letters
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EMBODIED CARBON HOTSPOTS




CARBON BREAKDOWNS - BY CATEGORY
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In a high-performance building,
o Facade Glazin the facades can contribute up
’ ’ to 40%+ of the overall building

15%
embodied carbon.

B Slabs
15%

B Steel Beams
9%

B Facade Panels Frame

Concrete Beams 20%

9%

B Steel Columns
0%

Substructure

B Concrete Columns
6%

2%

u Walls 24%

*High performance commercial project



CARBON BREAKDOWNS - BY COMPONENTS
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HOW DOES THE INDUSTRY
APPROACH EMBODIED CARBON
REDUCTIONS?




EC THRESHOLDS IN CERTIFICATIONS

Rating System

LEEDv4.1/v5

Requirement or Points for Embodied Carbon
v4/v4.1: Credits for reductions up to 20%.
V5: Requires quantifying EC. Credits for reductions up to 40%.

-~ BREEAM V7 Points/credits for LCA; V7 will focus on whole-life and net zero embodied carbon.
(£( BREEAM |2
(A/Green CALGreen (CA) Mandatory 10% reduction in embodied carbon (WBLCA) for new buildings.

CERTIFICATION

ILFI Zero Carbon

Requires calculation and 20% minimum reduction of embodied carbon;
Requires 100% A1-A5 emissions be offset through on-site carbon sequestration or off-site
purchase of carbon offsets.

Green Globes

Credits for LCA, use of low embodied carbon products verified by EPD.
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INTRODUCTION TO BIOMATERIALS




WHAT ARE BIOMATERIALS?

What are Biomaterials?

Materials sourced from biological origins like
plants, animals, or microbes—often renewable
and/or biodegradable.

Key Properties & Benefits:
* Renewable & Biodegradable
» Lower Embodied Carbon
« Carbon Sequestration Potential
» Improved Indoor Air Quality
» Healthy Environmental Profile
* Recognition in Certifications
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EXAMPLES OF BIOMATERIALS
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BIOGENIC CARBON & SEQUESTRATION

biogenic carbon
stored in trees
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Extract
raw
materials

Transport Manufacture Transport Construct
to factory  products to site the
building

Use and Demolish  Haul away

maintain the waste
the building materials
building

stored biogenic
carbon leaves the

system as biogenic
€O, emissions
when incinerating
waste wood or when
the wood decomposes

9%

c1-c4
end of life stage

benefits and loads
beyond the system
boundary



UTILIZATION OF BIOMATERIALS IN
STRUCTURAL COMPONENTS




CONCRETE




CONCRETE PRODUCTION SCHEMATIC

Typical Cement Kiln to Site Process
Ready-Mix Plant

Combustion emissions:
C+0,=CO0O, + heat

Cement Kiln

Process Emissions:
CaCO; + heat = CaO + CO,

Iron Ore, Sand,
Fly Ash, etc.

(0]
Bl E
]

Building
Construction Site

Limestone -R
Ok

Ordinary
Portland Cement
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CONCRETE INPUTS

Cement is around 10-15%
by mass, but nearly 85%
of GWP in concrete
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LOW-CARBON OPTIONS

Cement

Aggregate

Admixture

Water

,ﬁl Reinforcement

Thornton Tomasetti
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» Traditional SCMs

* CO, Synthesized
SCMs

* Type 1L or 1T
Cement

* Novel SCMs

OPC Offset

LOW-CARBON OPTIONS

Can resultin 2 100% reduction in concrete emissions but increased
structural/operational risk.

» Alkaline Activated
Cement

OPC * Biogenic & Synthetic
@ Cement Replacement Cer%ent y

* Biogenic & Synthetic
Limestone

Aggregate
* Indirect heat
. calcination
Aternative « Carbon capture
) Manufacturing * Alternative fuels
Admixture (biomass, H2, etc.)
Water

ﬂ Reinforcement
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LOW-CARBON OPTIONS

Can resultin 2 100% reduction in concrete emissions but increased
structural/operational risk.

CO,
Negative

Aggregate
@ Cement

Aggregate

CO,
Absorbent
Admixtures

Admixture

Water ————

ﬂ Reinforcement Low-Carbon

Steel

Graphene
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STEEL




PRODUCTION OF STEEL

Sinter Plant _—
Billet / Building
Bloom \YEYCEIELS

Ladle &

Casting

4

Blast
Furnace

Basic Oxygen
Furnace

Coke Oven

DRI Electric Arc
Furnace

Carbon
Charge
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PRODUCTION OF STEEL

Sinter Plant

Billet / Building
Bloom Materials

Blast Basic Oxygen
Furnace Furnace

Coke Oven

Integrated Steelmaking:

DRI Electric Arc
Steel Furnace

« Higher quality steel using virgin raw

+ materials

« - Provide highest grade finishes

Carbon
Charge

- Used in automotive & equipment
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PRODUCTION OF STEEL

Sinter Plant

Billet / Building
Bloom Materials

Blast Basic Oxygen
Furnace Furnace

Coke Oven

Electric Arc Furnace (EAF)

DRI Electric Arc

Furnace * Moderate quality steel using primarily

scrap

« - Limited by copper in metallurgy
« > Used in construction industry
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STEEL PRODUCT EMISSIONS BREAKDOWN
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MASS TIMBER




WHAT IS MASS TIMBER?
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GLUED-LAMINATED TIMBER
[GLULAM]

Glued-Laminated Cross-Laminated Timber
Timber (CLT)
(Glulam)
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WHAT IS MASS TIMBER?

Kg of CO:2 created (or stored) to create
each tonne of building materials

2500
2000
1500
1000
500
0
-500
-1000

Wood Steel Brick Concrete
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UTILIZATION OF BIOMATERIALS IN
ARCHITECTURAL COMPONENTS




FACADE COMPONENTS
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ALUMINUM IN ARCHITECTURAL

COMPONENTS

B
‘ Alumina Refinery\

Bauxite Mining

D
)
Q\Gd ‘ ‘
- \ [ —
v Aluminium
Smelting
Products
Slspec
‘‘‘‘‘‘‘‘‘ Image from ALSPEC

Process Overview & Emissions Breakdown
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Roof assemblies
Ceilings
Interior Walls
Insulations

Floors
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Roof assemblies

INTEGRATED STRAW PANELS

Interior Walls
Insulations

Floors

Straw board

Feedstock:
« Compressed agricultural waste

Performance:

 Thermal properties:

* Fire resistance:

» Acoustical properties: 0.31-0.85 NRC

Thornton Tomasetti



INSULATION

Thornton Tomasetti

REINFORCEMENT
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Cork Insulation

Feedstock:
» Bark harvested from trees every 9
years

Performance:

* Thermal properties: R-3.6-4.2/inch
» Fire resistance: Class B fire rating
» Acoustical properties: 0.2-0.4 NRC
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Roof assemblies
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