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Getting to Zero Carbon

CONVENTIONAL DESIGN

REDUCE STRUCTURE
& SIMPLIFY PALETTE
CONSIDER MASS TIMBER
STRUCTURES OVER CONCRETE OR
STEEL TO REDUCE MATERIAL
QUANTITY NECESSARY. SIMPLIFY
INTERIOR PALETTE TO REDUCE
OVERALL MATERIALS.

ADAPTIVE REUSE

OF EXISTING BUILDINGS
MAINTAIN AS MUCH EXISTING
STRUCTURE AS POSSIBLE
DURING RENOVATION.

MATERIAL REUSE
SALVAGE, REFURBISH, AND REUSE AS
MANY MATERIALS AS POSSIBLE.

EARLY DESIGN

LOW CARBON MATERIAL SELECTION
PRIORITIZE SELECTION OF HIGH
IMPACT MATERIALS OPTIMIZED FOR
EMBODIED CARBON.

-CONCRETE

-STEEL

-INSULATION

-CLADDING

-FLOORING

-FURNITURE

MATERIAL OPTIMIZATION

LOCAL PROCUREMENT

REDUCE EMISSIONS RELATED TO
THE TRANSPORTATION OF
MATERIALS BY USING LOCALLY
PROCURED PRODUCTS.

o o

PROCUREMENT

focus of this section

CIRCULAR PRODUCTS

FOR PRODUCTS WITH SHORTER
LIFESPANS (FURNITURE, FLOORING,
PARTITIONS), SELECT PRODUCTS
THAT SUPPORT CIRCULAR ECONOMY
PRINCIPLES.

ONGOING POLICIES

CREATE AND FOLLOW POLICIES FOR
RESPONSIBLE PROCUREMENT,
MAINTENANCE, AND END-OF-LIFE
DISPOSAL.

LIFESPAN

NET ZERO CARBON

CARBON OFFSET PURCHASES

OFFSETS

BEYOND NET ZERO

o oo {0

SEQUESTRATION

LANDSCAPE & SOIL SEQUESTRATION
RESTORE SITE SOIL AND SELECT PLANT
SPECIES THAT SEQUESTER CARBON
OVER TIME.

CARBON SEQUESTRATING MATERIALS
SELECT RESPONSIBLY SOURCED MASS
TIMBER AND INSULATION PRODUCTS THAT
ARE NET-SEQUESTERING



LCA Process: Baseline Characterization
Baseline GWP Characterization by Scope and Material

Gather Material Quantities
(from BIM model or manual
takeoffs)

INTERIORS

B Wood

W Paints and Finishes
1 Flooring and Tile

= ENCLOSURE
Assign Industry Average EPDs = Steel and Metals
- W Paints and Finishes
(Environmental Product w W insuiaton
. 3 M Gypsum, Plaster and Cement
Declarations) > BUILDING mase
= BASELINE e
% STRUCTURE
wl M Steel and Metals
Run Through a WBLCA Software % i Gonerete
) PARKING

M Steel and Metals

" Concrete

FOUNDATION

[ Steel and Metals
Concrete

To understand baseline
characterization

Athena
Impact Estimator
for Buildings

Identify your biggest carbon drivers
early in the project

“atelier ten



Common Impact Reduction Measures
Savings Potential and Cost Premium Estimates

Test Potential Impact Reduction Measures (IRMs)

MASS TIMBER CONCRETE
STRUCTURAL OPTIMIZATION
ELEMENTS

15-50% REDUCTION 5-30% REDUCTION

before sequestration
-1 - 10% cost premium 0 - > 1% cost premium

INTERIOR INSULATION
FINISHES SELECTION

5-15% REDUCTION 2-16% REDUCTION

0 - > 1% cost premium no cost premium
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" ENCLOSURE

20

BUILDING
BASELINE

INTERIORS

B Wood

W Paints and Finishes
Flooring and Tile

ENCLOSURE
Steel and Metals
M Paints and Finishes
M Insulation
W Gypsum, Plaster and Cement
M Glass
W Concrete

STRUCTURE
W Steel and Metals
| Concrete

PARKING
W Steel and Metals

Concrete

Steel and Metals
Concrete



MASS TIMBER

Mass Timber STRUCTURAL
ELEMENTS
Common Impact Reduction Measures

Mass timber is a much less carbon intensive

450

structural material and contains 33% 40% 70%
sequestered carbon in the wood fiber, 400
making it a carbon negative material. <
S 350
- . . . q)
Strategies to maximize the carbon savings of 8 ENCLOSURE
mass timber construction: & e s
= Insulation
 Ensure wood is harvested from g " _ Membranes & Roofing
sustainably managed forests T 200 " Wood
[=]
£ STRUCTURE
. . . ©
« Design the building to accommodate S = Conet
deconstruction and reuse of mass timber 3 " Steetand Metals
. FOUNDATION
elements to extend the value of their 5 0 Concrete
. Steel and Metals
sequestration N oAl cwe
B Net GWP
* Prioritize local suppliers that use cleaner 7 Sequestered Carbon
. . . 0
fuel and more efficient equipment / BASELINE BASELINE OPIMEED  OPTIMIZED + SEQ
vehicles By i M ot
gypsum board elements.

“atelier ten



Concrete Optimizations
Common Impact Reduction Measures

Concrete optimization is routinely one of the biggest
reduction opportunities for projects.

Cement replacement with slag or fly ash
« 15% is standard in the Bay Area
* 35%-70% should be achievable in foundations
 25% or more in other applications

* Using high quality aggregate

e CarbonCure

* Using post tensioning is recommended where
possible. It requires higher grade concrete, but
reduces the volume required and saves embodied
carbon.

* Work with the structural engineer, contractor, and
concrete supplier early to set global warming
potential (GWP) targets for concrete.
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CARBON IMPACTS OF STEEL

Prioritize steel that is manufactured BASIC OXYGEN FURNACE (BOF)
in an electric arc furnace - these use 50F INGREDIERTS: ELECTRIC ARC FURANCE (EAF)
cleaner fuels and tend to have higher IRON ORE -

LIMESTONE 2 EAF INGREDIENTS:
recycled Content RECYCELED STEEL (~25%) RECYCLED STEEL (~97%)

OTHER ELEMENTS (3%)
* Maximize recycled content - High
recycled steel or reused steel. Target
50% recycled content.

'S “"50%
LESS CO,
EMISSIONS

* Look for manufacturers that use
carbon-free energy at their plants
(i.e., Pacific Northwest rebar is often
manufactured using hydropower).

co,

[ e I

h—d hd

 Look for steel manufacturers that MOP?‘IT 'I'SI:II—IEEELNRSECI)VII:E'P:E SI;SIRLEDFI{IEI(CE\';CII:IE:[I;

publish plant-specific environmental

product declarations (EPDs)
TYPICALLY 25% RECYCLED CONTENT TYPICALLY 97% RECYCLED CONTENT

71% OF GLOBAL STEEL PRODUCTION 29% OF GLOBAL STEEL PRODUCTION

©2018 2030 Inc./Architecture 2030. All Rights Reserved
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INSULATION

Insulation Se1 ECTION

Common Impact Reduction Measures

GWP - INSULATION

10
r.E BATT LIGHT DENSITY MINERAL FIEER BEOARD HEAVY DENSITY MINERAL FIBER BOARD POLYISO
T 9
a
S 8
g 7
2z o
5
5
gc
g& 4
§ 3
E 2
-
s . m m m B N
Owens Knauf Knauf Knauf Ceﬂ}alnTeed Rockwool  Fiberglass NAIMA  Themafiber NAIMA - Themafiber Thermafiber  NAIMA NAIMA  Themmafiber  Calisle Hunter Dow Tuff-R Dow
Corning EcoBatt EcoBatt EcoBatt Batt Industry Mineral Mineral Syntec Palyiso Themmax
EcoTouch Unfaced Kraft Faced Average Wool Wool Polyiso Polyiso
Pink
Unfaced

There’s a wide range of carbon impacts for insulation depending on the type selected. Note: when
comparing insulation, you must factor in changing thickness to maintain the same R-value.
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FACADE

Facade Options MATERIALS
Common Impact Reduction Measures =
D=

8

> = Other

o™

% ® Framing

= = Sheathing
=

.‘é’ © Membrane
[12]

.5 Insulation
E I Support System
5 49 B Cladding

GFRC - Baseline GFRC - Low-carbon steel UHPC - TAKTL UHPC - Ductal Fiber cement - Baseline Fiber cement - Hydro aluminum

When optimizing facade systems - consider the whole assembly. There may
be insulation and structural support implications.

PR TN oy
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Carpet

Common Impact Reduction Measures

COMPARISON OF CARPET PRODUCTS

% 140
[eb)
3 120
Q
¥ 100
£ 80
(]
Z 6.0
l—
Z 40
=
g 20
< 00

B B

CLF Benchmark Broadioom Carpet WellBAC Comfort Eco Worx Carpet EcoFlex NXT Broadloom Ultraloc Nylon Carpet Tile, Modular Carpet, Recycled Modular

(BASELINE)

“atelier ten

(Mohawk) Plus SDN, Nylon 6 Tile- (Mohawk) (Shaw) PremierBac Plus Nylon 66, GlasBac Carpet, Nylon 6,
(Milliken) Nylon 6 (Shaw) (J+)) (Interface) GlasBacRE
(Interface)

Due to frequent replacement, carpet can be responsible for 20%+ of a
project’s carbon footprint over a 60-year analysis period.

INTERIOR
FINISHES

%4




IRM Selection

Baseline GWP Characterization by Scope and Material

40 M
1.3% 4.9% 6.6% 9.6% 10.3% 23.9% INTERIORS
[
35 M — ¢ ,L | Wo_od N
. —_ M Paints and Finishes
. — Flooring and Tile
5 oM ENCLOSURE
o
8 — St?el and M(?ta-ﬂs
%Jn M Paints and Finishes
f’ 25M M Insulation
E M Gypsum, Plaster and Cement
zZ
E 50 M M Glass
o W Concrete
a
Z STRUCTURE
g M Steel and Metals
<
s M Concrete
-
< oM PARKING
9 M Steel and Metals
< Concrete
5M
Steel and Metals
0
BASELINE BALCONY LOW GWP FLOORING CONCRETE NUCOR CUMULATIVE Concrete
PLANTERS REBAR OPTIMIZATIONS OPTIMIZATION REBAR* OPTIMIZATIONS

Test Impact Reduction Measures (IRMs) throughout the designh phase and incorporate them
into specifications and bidding documents before procurement begins.
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Procurement Optimization & Follow Through



Carbon Leadership Forum (CLF) Baselines

North American Material Baselines

“ate

lier ten

2023 Carbon Leadership Forum
North American Material Baselines

BASELINE REPORT v2 | AUGUST 2023

Carbon
Leadership
Forum

Table 3: North American Material Baselines (ready-mixed concrete in Table 1+2) (cont.)

CLF Baseline Additional
GWP Life Cycle
O eper | Declared

Category Product Type | Description Seciared Unit | Method Data Sources and Notes

STEEL

Rebar Rebar Unfabricated steel reinforcement 753 Lmetric | Industry =] CRSI. (2022). Environmental product

unfabricated | bar, including plain carbon steel and ton declaration - Steel reinforcement bar.
low-alloy steel bars of multiple grades Converted to unfabricated product GWP.
and sizes See appendix for details.

Rebar Rebar Fabricated steel reinforcement bar, 854 1metric | Industry [m} CRSI. (2022). Environmental product

fabricated ncluding plain carbon steel and ton declaration - Steel reinforcement bar.
low-alloy steel bars of multiple grades
and sizes

Steel wire Steel wire and Steel wire and mesh for concrete None 1 metric =] No adequately representative data source.

and mesh mesh reinforcement ton

Structural Mot-rolled Unfabricated hot-rolled steel shapes 1,000 Imetric | Industry [m] AISC. {2021), Enviconmental product

stoel sections. for structural applications, including; ton declaration - Fabricated hot-rolled

unfabricated | wide flange and other beams, sections. Converted to unfabricated
channels, angles, and tees product GWP. See appendix for details,

Structural Hot-rolled Fabricated hot rolled steel shapes for 1,220 1 metric Industry D AISC. (2021). Environmental product

steel sections structural applications, including: wide ton declaration - Fabricated hot-rolied

fabricated flange and other beams, chanaels, sections.
angles, and tees

Structural Plate steel Unfabricated flat steel products 1,480 Imetric | Industry o AISC. (2021). Environmental product

steel unfabricated | (generally thicker than 6 mm or %" ) for ton declaration - Fabricated steel plate.
structural applications Converted to unfabricated product GWP.

See appendix for details.

Structural Plate steel Fabricated flat steel products 1,730 Imetric | Industry [m] AISC. (2021). Environmental product

stoel fabricated (generally thicker than 6 mm or %) for ton declaration - Fabricated steel plate.
structural applications

Structural Hollow structural | Unfabricated hollow steel sections 1710 1metric | Industry o ST1. (2021). Environmental product

steel sections (HSS) | (square, rectangle, circle) for structural ton declaration - Hollow structural sections

unfabricated | applications

Structural Mollow structural | Fabricated hollow steel sections. 1,990 1metric | Industry =} AISC. (2021). Enviconmental product

steel sections (HSS) | (square, rectangle, circle) for structural ton declaration - Fabricated hollow structural

fabricated applications sections.

Cold-formed | Cold-formed Galvanized cold-formed steel shapes 2440 1metric | Industry o SFIA. (2021). Cold-formed steel framing,

stoel framing | steel framing for light framing, such as studs and ton
track

Open-web Open-websteel | Prefabricated steel joists and girders 1430 Imetric | Industry [m] SJ1. (2022), Environmental product

steel joists jolsts with open middle web and top and ton declaration - Open web steel joists and
bottom chords joist girders.

Steel decking | Steel decking Includes range of surface treatments 2,320 Imetric | Industry o SOI. (2022). Environmental product
(galvanized or uncoated steel to which ton declaration - Steel roof and floor deck
paint may be applied) and thickness/

RAURe.

ALUMINUM

Aluminum Aluminum Standard (non-thermally-improved) 10,250 Imetric | Industry AEC. (2022). Environmental product

extrusions extrusions - mill | extrusions with mill finish (n0 ton declaration - Aluminum extrusions - mill

finish additional surface treatment) finished, painted, and anodized.

Auminum | Aluminum Standard (non-thermally-improved) 11,670 metric | Industry AEC. (2022). Environmental product

extrusions | extrusions extrusions with paint finish ton declaration - Aluminum extrusions - mill

painted finished, painted, and anodized.

Aluminum Aluminum Standard (non-thermally-improved) 10,760 1 metric | Industry [x] AEC. (2022). Environmental product

extrusions | extrusions extrusions with anodized finish ton declaration - Aluminum extrusions - mill

anodized finished, painted, and anodized.
112 1 1h American Material Baseline 1bon Leadershi .




Embodied Carbon in Construction Calculator (EC3)

buildingtransparency.org/ec3

# EC3 / Find & Compare Materials

Tour:

e Performance Specs

fEC3

SELECT CATEGORY

@ Search

Search category

AllMaterials |

. Concrete &
- Masonry &
. Steels
.~ Aluminium &
~ Wood & |

. Sheathing &
- Thermal/Moisture Prot. & |
- Cladding &

. Openings &

- Finishes &

- Network Infrastructure &

Asphalt

~ Manufacturing Inputs &

_ Rebar
- Wire & Mesh |

Prefab Assemb. & ' Hot-Rolled Sections |
* Structural Steel e‘-{' Hollow Sections
* Merchant Bar - - Plate |

Decking |

Cold Formed

Steel Suspension Assem...
& Coil

EC3 is a great resource for finding procurement optimizations
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Embodied Carbon in Construction Calculator (EC3)
Look at EPD Availability for a Given Product

STATISTICS

Product EPDs: 43 Industry EPDs: 1 Achievable: 0.776 kgCO2e Average: 0.969 kgCO2e + 48.4% Conservative: 1.03 kgCO2e Converted per Unit: 1 kg

» INDUSTRY EPDS

PRODUCT EPDS

Subcategory v

Q Type to search ...

Manufacturer

+« |1l | Plantor Plant Gr...»

11 ",/ Product

Columns

 Description Tl

< uaGWP/1kg

}12

Manufacturer x v

Reinforcing Bar Cascade Steel Rolling ... McMinnville, OR Reinforcing Bar - A61...  This EPD is for reinfor... 0.4637 kgCO2e m m
Reinforcing Bar Nucor Nucor Steel Seattle-...  Steel Reinforcing Bar ... Rebar assemblies are... 0.4862 kgCO2e m m
Reinforcing Bar Nucor Nucor Steel Seattle - ... ~ Steel Reinforcing Bar ... Rebar assemblies are... 0.6262 kgCO2e m m
Reinforcing Bar Nucor Nucor Steel Auburn - ...  Steel Reinforcing Bar ... = Steel reinforcing bar (... 0.6769 kgCO2e m m
Reinforcing Bar Commercial Metals C... CMC Steel Arizona Concrete Reinforcing ... Rebar, or uncoated c...  0.7039 kgCO2e m m
Reinforcing Bar Commercial Metals C... CMC Steel South Car...  Concrete Reinforcing ... Rebar, or uncoated c...  0.7228 kgCO2e m m
Reinforcing Bar Nucor Nucor Steel - Utah - B...  Steel Reinforcing Bar ... = Steel reinforcing bar (...  0.7593 kgCO2e m m
Reinforcing Bar Nucor Nucor Steel Auburn - ...  Steel Reinforcing Bar ... = Steel reinforcing bar (... 0.7698 kgCO2e m
Reinforcing Bar Nucor Nucor Steel Birmingh... Steel Reinforcing Bar ... = Steel reinforcing bar (...  0.7757 kgCO2e m m
Reinforcing Bar Commercial Metals C... CMC Steel Tennessee  Concrete Reinforcing ... Rebar, or uncoated c...  0.8075 kgCO2e m m
Reinforcing Bar Gerdau Long Steel Gerdau Charlotte Ste... ~ Fabricated Reinforcin... Gerdauis one of thel... 0.8249 kgCO2e

“atelier ten

Search by product type and find the lowest manufacturers




Embodied Carbon in Construction Calculator (EC3)
Set a Reasonable Reduction Target Based on Availability

STATISTICS

Product EPDs: 43

» INDUSTRY EPDS

PRODUCT EPDS

Subcategory v

Reinforcing Bar
Reinforcing Bar
Reinforcing Bar
Reinforcing Bar
Reinforcing Bar
Reinforcing Bar
Reinforcing Bar
Reinforcing Bar
Reinforcing Bar
Reinforcing Bar

Reinforcing Bar

Industry EPDs: 1

Achievable: 0.776 kgCO2e

Q Type to search ...

Average: 0.969 kgCO2e + 48.4%

Manufacturer +« |1l | Plantor Plant Gr...»

1l { ¥ Product n

Cascade Steel Rolling ...

Nucor
Nucor

Nucor

Commercial Metals C...

Commercial Metals C...

Nucor

Nucor

Nucor

Commercial Metals C...

Gerdau Long Steel

McMinnville, OR
Nucor Steel Seattle - ...

Nucor Steel Seattle - ...

Nucor Steel Auburn - ...

CMC Steel Arizona

CMC Steel South Car...

Nucor Steel - Utah - B...
Nucor Steel Auburn - ...

Nucor Steel Birmingh...

CMC Steel Tennessee

Gerdau Charlotte Ste...

Reinforcing Bar - A61...

Steel Reinforcing Bar ...
Steel Reinforcing Bar ...
Steel Reinforcing Bar ...
Concrete Reinforcing ...
Concrete Reinforcing ...
Steel Reinforcing Bar ...
Steel Reinforcing Bar ...
Steel Reinforcing Bar ...
Concrete Reinforcing ...

Fabricated Reinforcin...

Conservative: 1.03 kgCO2e

Converted per Unit: 1 kg

‘ J Description

Ju ‘ < UaGWP /1 kg

This EPD is for reinfor...
Rebar assemblies are...
Rebar assemblies are...
Steel reinforcing bar (...
Rebar, or uncoated c...

Rebar, or uncoated c...

Steel reinforcing bar (...
Steel reinforcing bar (...
Steel reinforcing bar (...
Rebar, or uncoated c...

Gerdau is one of the |...

0.4637 kgCO2e
0.4862 kgCO2e
0.6262 kgCO2e
0.6769 kgCO2e
0.7039 kgCO2e

0.7228 kgCO2e

0.7593 kgCO2e
0.7698 kgCO2e
0.7757 kgCO2e
0.8075 kgCO2e
0.8249 kgCO2e

ton).

CLF 2023 Baseline
for Rebar = 854
kgC02e/metric ton

There are 5 plants
that are at least
15% better than
baseline (725
kgC02e per metric
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Performance Based Specifications: Rebar Example

Incorporate Language into Specifications

Product Requirements
1. EPD: Products must have a

compliant Product Specific Type Il NUCOR
Environmental Product o
Decl a ration (EPD) - . LAt r etave enpesions o rctacsl mpacts, e oo resokd, ey rgns

2. GWP: Rebar must have a, A1-A3
global warming potential (GWP)
less than 725 kgCO2e/metric ton
of rebar.

Table 3. LCIA results, per 1 metric ton (fabricated)

OWP 100 (emcl g COxeq " 19 » 2

Biogenic caron)
GWP 10¢

blogenc carbon
- - ooP WCFC 11 eg S0E-13 6TE1S 20605 20608
Submittal Requirements v o ima -
- 23E0 9
APt WM sorpius »7 "w 1 546

1. A compliant Product Specific Type
[ll Environmental Product
Declaration (EPD) demonstrating Fironment @

Fabrication requires 1.08 metric tons of bar per 1 metric 1o of fabricated product. Module A1 inchudes production of all

a GWP intensity that meets the
requirements above.
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Performance Based Specifications: Concrete Example
Concrete

Sustainable Materials
Institute

Product Requirements ﬁ’ o

Ask for embodied
carbon info during the
bidding process (i.e.

1. EPD: Each mix design must have a
compliant Product Specific Type IlI
Environmental Product
Declaration (EPD)

2. GWP: Concrete must achieve an
A1-A3 global warming potential
(GWP) intensity that is 20% below
the NRMCA Regional Benchmark.

A Cradle-to-Gate Life Cycle Assessment of Ready-Mixed
Concrete Manufactured by NRMCA Members
-~ Version 3.2

“what is the lowest GWP
mix you have that meets
all performance
requirements”?)

Comissioner: National Ready Mixed Concrete Association (NRMCA)

EPD Program Operator:  NSF International

Table E6-Pacific Southwest LCA Results (per cubic yard)
Strength | psi @28 days | 2,500 3,000 | 4,000 5,000 6,000 8,000
. . Core Mandatory Impact Indicator
Submittal Requirements GWP kg CO2e 196.51 213.46 247.32 288.90 306.44 348.96
. - ODP kg CFClle | 4.91E-06 | 5.28E-06 | 6.01E-06 | 6.90E-06 | 7.30E-06 | 8.22E-06
1. A compliant Product Specific Type AP kg SO2e 0.74 0.78 0.85 0.94 0.99 1.08
Il Environmental Product EP kg Ne 0.24 0.26 0.29 0.34 0.36 0.41
: : SFP kg O3e 17.35 18.12 19.59 21.37 22.41 24.24
Declaration (EPD) demonstrating ADPf MJ, NCV 458.40 470.65 492.46 522.89 545.74 572.52
a GWP intensity that meets the ADPe kg Sbe 1.086-04 | 1.11E-04 | 1.16E-04 | 1.22E-04 | 1.28E-04 | 1.34E-04
requirements above. J

“atelier ten

Work with structural engineer, contractor, and concrete supplier
early on to understand high GWP impacts on cure time.
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New York NY 10003
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