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Concrete Is a low-impact material

Source: Barcelo et al, 2014 Slide 72



Concrete iIs the most used building material in the world

Source: Monteiro et al, 2017 Slide 73



Concrete Is a significant portion of nearly all buildings

Residential building material breakdown by mass
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Concrete iIs a mixture that can be designhed to meet
performance requirements

Concrete Constituents Performance Regquirements

"~ %) Coarse aggregates * 28-Day strength
* e 3-Day strength

‘ Fine aggregates  Modulus of elasticity
e Density
A  Thermal control
e Chloride permeability
‘ vvater . Alkali-silica reaction
dmi * Freeze-thaw
e AdMIXIUres + Other durability
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Cement drives concrete’s environmental impact

Constituent contribution by mass Constituent contribution by GHG emissions

Water Water Mixing
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There are numerous solutions available today
for lowering concrete’s environmental impact

Bold = widespread

e Alternative fuels
 Energy efficiency

e Clinker replacement
e Cement formulation

e Carbon sequestration
at cement plant

e Carbon sequestration
IN cement production

Concrete

use today

e Cement
replacement

e Carbon sequestration
INn concrete
production

e Carbon sequestration
IN aggregate
production
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Firms are reporting concrete environmental footprint through
environmental product declarations

LEED is driver of EPDs

Slide 78



Concrete EPDs are not set up for comparison

\_

/

<

Impac?ts vary
by 1.5X

-

These mixes all have different performance requirements

How to establish thresholds?
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Prescriptive specifications limit opportunities to reduce
concrete environmental impact

Common prescriptive requirements Occurrence in
Specifications

Restriction on SCM guantity 85%
Maximum water-cement ratio 73%
Minimum cementitious content for floors 46%
Restriction on SCM type, characteristics 217%
Restriction on aggregate grading 25%

Source: Obla & Lobo, NRMCA, 2015 Slide 80



Performance-based specifications are the best way to spur
Innovation In low-impact concrete

Design multiple concrete mixtures Transitioning to performance-
that meet performance specifications  based specifications requires

i C = collaboration to share
Impact e Architects

A Low High  Engineers
e Specifiers
B Moderate Moderate  (Constructors
 Developers
C High Low e (Customers

This can be implemented today if we are willing to change paradigms
Slide 81



Two approaches to standardizing reduction of concrete
environmental impacts

Threshold

Used in CA Buy Clean Act

Need industry average and
iIndividual company EPDs

How to strive for comparability
(define performance?)?

How to set thresholds?

Concrete vs cement?

— Cement categorization is simpler
(Type I, Il, etc.)

— Concrete categorization is about
more than strength

Performance-based specifications

e Eliminate prescriptive requirements
(e.g., min cm, max w/cm, limits on
SCMs, cement type)

e Enable innovation in mixture
design

 How Is mixture selected
considering trade-offs of
performance, env impact, and
cost?

 What are challenges associated
with adoption of PBS?

Slide 82



Thank you

jgregory@mit.edu
http://cshub.mit.edu/
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Source: ModCell

Renewable Materials
Embodied Carbon in Materials, Boston, MA ~ May 31, 2019



Embodied CO2e of Foundation Wall Insulation
R-20, 233 m2







How does this work?



During photosynthesis, plants
capture gaseous carbon from
the atmosphere.

1 1 1

That carbon Is stored In the
plants themselves, as well
as In the soll.



There are lots of plant-based,
carbon-storing building materials

+ more

And few or no red list chemicals!



..some that are mineral-based

BioMason Microbe Carbon8 & Blue Planet Aggregate

Concrete from Carbonated Waste

..and some Interesting hybrids.

Palm Kernel Ash + Rice Hull Ash Concrete

Palm Kernel Shell Concrete




2.16 billion tons of grain straw
were grown globally in 2016.
That's enough carbon storage to
offset all current transportation
GHG emissions and more than

replace all current insulation
materials.









Bullding Materials and
Construction Emissions

Lindsay Rasmussen, CPHC®, Assoc. AlA, LEED Green Associa iate
Program Manager |Ahtt e 2030



By 2060, world population is expected to increase by about

2.67 pilllon people

Source: World Bank



By 2060, world urban population is expected to increase by

™ 2.75 billion people

absorbing the entire population growth estimate.

Source: UN Population Division



Today, global building floor area is about

223 billion m-“

Source: Global Status Report, GABC



By 2060, global building floor area will increase by

230 billion m?“

or double the current worldwide building stock.

Source: Global Status Report, GABC






BUILDING STOCK

Eurasia

North America Western :

38.1 7 29.8 hina - sapan g o
et 8.0 57 . 2

India

Latin America Africa 1 5 . 8
Caribbean 1 8 _ O 1 5 . i;)iuatheast
19.3

Australia
New Zealand 2.1

Existing Building Floor Area (2015, Billion m2)

Source: Architecture 2030 Global ABC, Global Status Report 2016



BUILDING GROWTH
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BUILDING GROWTH
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Source:
2018 Global ABC Report

Global CO, Emissions by Sector

Building
Materials &

Construction
(steel, cement, glass)

11%



Total Carbon Emissions of All Global New Construction
from 2020-2050

Business as Usual Projection
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Embodied Carbon in Buildings by Material Category (GWP)

6 story mixed-use
residential
concrete structure

800k GSF commercial
concrete and steel
structure

3 story (55,000 GSF)
lab+research facility
concrete structure

4 story (140k GSF)
academic use
concrete structure

. Concrete

6 story residential
mixed concrete and
wood structure

Wood/Plastics/
Composites

Thermal/Moisture
Protection

Openings and
Glazings

Finishes

Averaged

Charts based on whole building
LCA studies completed using Tally



HOW DO WE REDUCE
EMBODIED CARBON?




Reducing Embodied Carbon In
Design a_nd Policy

Prescriptive Path Performance Path
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CARBON SMART STEEL

Use steel that comes from electric arc furnaces (EAFs)

EAFs produce less than half as much CO, as basic oxygen furnaces (BOFs).
Use structural steel that come from EAFs instead of steel from BOFs
whenever possible.




CARBON SMART STEEL

Use recycled steel

Virgin steel can have an embodied carbon footprint that is up to five times
greater than high-recycled content steel. EAFs use an average of 93% recycled

content, where BOFs use an average of 25% recycled content. Use high-
recycled content steel whenever possible.




CARBON SMART STEEL

Power EAFs with carbon-free renewable energy

Basic oxygen furnaces (BOFs) burn coal or natural gas to create steel. EAFs are
powered by electricity and therefore have the ability to be powered using
renewable energy sources.




CARBON SMART STEEL

Examples

EVRAZ Steel is the single biggest consumer of Xcel Energy in Colorado. In
2018, they signed a deal for 240 MW of solar capacity, ensuring a close
proximity to a clean, low-cost energy source.

Nucor Steel’s Washington plant uses EAFs and is powered by Seattle’s
predominantly hydro-electric grid.



CARBON SMART WOOD

Don’t specify wood harvested from old growth forest

The ecosystem- and carbon-impacts of harvesting old growth forests and
rainforests are significant. A significant portion of carbon sequestered by
trees is pushed into the soil around the tree. Harvesting old growth forests
and rainforests greatly disturbs the ground, releasing much of that
sequestered carbon.



CARBON SMART WOOD

Specify timber from sustainably managed forests

Forest management practices can greatly influence the carbon footprint of a
wood product, so specify wood and wood products from sustainably
managed forests.




WOOD QUESTIONS

More questions than answers...

Amount of carbon stored

Impact of forest management practices

Material switching to wood

Ability to scale to meet global population growth

Climate and land use implications of scaling mass timber production




materialspalette.org






CARBON
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INTERNATIONAL CONFERENCE & EXPO
Los Angeles, March 2-4, 2020




Thank you

Lindsay Rasmussen

CPHC®, Assoc. AlIA, LEED Green Associate
Program Manager | Architecture 2030 (www.architecture2030.org)

email: rasmussen@architecture2030.org
office: (505) 988-5309
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