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MATERIALS AND OPERATIONS

CEMENT ~3%
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EMBODIED VERSUS OPERATIONAL CARBON: THE SAVINGS ARE NOW
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MATERIALS MATTER, JUST AS MUCH
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SUSTAINABLE BUILDINGS - OPERATIONS SIDE

USE
RENEWABLE ENERGY

FOR WHAT’S LEFT

REDUCE NEEDS

+

•	 HEATING
•	 COOLING
•	 LIGHTING
•	 WATER

•	 SOLAR
•	 GEOTHERMAL
•	 WIND

•	 TRANSPORTATION TO SITE
•	 DIRECT IMPACT AT SITE LEVEL 

(BIODIVERSITY, STORMWATER, 
SEWAGE, POLLUTION...)

AGU HQ RENOVATION, WASHINGTON DC - HICKOK COLE
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SUSTAINABLE BUILDINGS - MATERIAL SIDE

ENVIRONMENTAL 
IMPACT

(CARBON,...)

REDUCE/
HAVE A POSITIVE

+
WITHIN A 
CIRCULAR 
ECONOMY 
FRAMEWORK

GOOD
(ONE-TIME)

“REDUCE, REUSE, RECYCLE”

BETTER
(LIFE-TIME)
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ENTANGLED IN A LINEAR ECONOMY
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CIRCULAR ECONOMY: A TOOL FOR SUSTAINABILITY

Framework where
materials are perpetually kept in use
to achieve 3 goals:

•	 Design out waste and pollution
•	 Keep products and materials in use
•	 Regenerate natural systems

•	 minimizing extraction of finite natural resources 

•	 eliminating negative environmental and health 
impacts / having positive ones 

•	 eliminating waste

3 Principles (Ellen McArthur Foundation):
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REUSE, REPAIR, REMANUFACTURE, RECYCLE ... : MAXIMIZE VALUE, MINIMIZE CARBON



CARBON ARCHITECTURE LEADERS IN ENERGY: REGENERATION SERIESJOËL ONORATO, STUDIOMB 10

CONCRETE

RECYCLE

REDUCE - EMBODIED CARBON

REDUCE CEMENT CONTENT:
•	 BY DESIGN
•	 BY PERFORMANCE BASED SPECIFICATIONS
•	 BY PARTLY REPLACING WITH SCMs
•	 BY CURING STRATEGIES
•	 BY INNOVATIVE PROCESSES (“BIOCONCRETE”)

CRUSHED AND:
•	 USED IN SITE/ROAD FILL
•	 USED AS RECYCLED AGGREGATES IN ROAD 

CONSTRUCTION (UP TO 30 %)
•	 NOT YET IN REINFORCED CONCRETE

REUSE EXISTING STRUCTURES
REUSE

PORTOLA VALLEY TOWN 
CENTER, CA - SIEGEL STRAIN

1701 RHODE ISLAND EXISTING CONCRETE 
STRUCTURE - HICKOK COLE, AKRIDGE

NATIONAL GEOGRAPHIC RENOVATION - HICKOK COLE
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WOOD

MASS TIMBER

SAWN TIMBER

SUSTAINABLE FORESTRY!

REDUCE + STORE (CARBON)

80 M MASS TIMBER ADDITION, WASHINGTON DC - HICKOK COLE

•	 CLIMATE SMART FORESTRY PRACTICES
•	 CERTIFIED WOOD: SFI, CSA, FSC , (PEFC IN EUROPE)
•	 CARBON ACCOUNTING AT FOREST LEVEL
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WOOD

REUSE

THEASTER GATES - SANCTUM, BRISTOL 2015
THEASTER GATES - DORCHESTER 
PROJECT, CHICAGO

CARBON 
STORAGE 
EXTENDED

HIGH QUALITY 
OLD TIMBER

SALVAGED WOOD 
BOARDS AS NON 
STRUCTURAL 
SPACERS

SALVAGED WOOD 
BOARDS AS 
ACOUSTIC PANELS 
AND CLADDING

DPR RESTON OFFICE - SMITHGROUP

KENDEDA BUILDING CENTER -  GEORGIA TECH, 
SKANSKA, LORD AECK SARGENT
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INTERIORS - (CREDIT: ANDREW ELLSWORTH, DOORS UNHINGED)

embodied carbon, and are readily reusable.

Demolition waste from

commercial renovations is over

20% of the total US construction

& demolition waste stream.

COMMERCIAL

RESIDENTIAL

DEMOLITION

RENOVATION

C

O

N

S

T

R

U

C

T

I

O

N

Initial embodied carbon of
interior materials is a fraction
of that of core & shell, but is
appreciable over the lifetime
of building renovations.
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Several interior materials

have high embodied

carbon, are widely used,

and are easily reusable.

67M TONS

103M TONS

65M TONS

33M TONS

0 kg CO2e /m2

500 1000

Material reuse offers
99% or more reduction
in embodied carbon.

Data shown is based on the Carbon

Leadership Forum's research on

carbon impact of commercial

interior projects (n=5). Percent of

total mass is distribution (shown in

blue) of each material 's share of the

total mass on each project. The

same is true with embodied carbon

(shown in green).

CARPET TILE
Photo credit: Specifier Review
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Manufacturer Environmental Product Declarations: Certainteed, Vitro Glass, Shaw Contract, Interface

Carpet, Armstrong Cei l ing Solutions, Al legion/Schlage, Al legion/LCN, ASSA ABLOY/McKinney,

Al legion/Steelcraft, ASSA ABLOY/CECO, Masonite.

Huang, M., Simonen, K., Ditto, J. (2018) Life Cycle Assessment (LCA) for Low Carbon Construction:

Tenant Improvements in Commercial Office Bui ldings, Final Report and Supplemental Data Sets.

the commercial bui lding sector, more because of aesthetic preferences and logistics than avai labi l ity of materials. commercial doors, frames and hardware.

Widespread reuse of
commercial materials in
the US could yield
20 megatonnes of CO2e
reductions by 2050.

Of the 400 mill ion sf of commercial office space

constructed each year in US, what if 50% of

interior buildouts used 50% reclaimed materials?

3.67x107 m2 * 75 kg/ m2 CO

2

e = 2.75 Megatonnes CO

2

e

2.75 MT * 0.5 * 0.5 = 0.7 MT CO

2

e avoided/yr

Envision

400 million SF = 3.67 x 10^7 m2

Embodied carbon of avg. interior buildout = 75 kg CO

2

e/m2

US Environmental Protection Agency (2018) Advancing Sustainable Materials Management: 2015 Fact Sheet - Assesing Trends in Material

Generation, Recycl ing, Composting, Combustion with Energy Recovery and Landfi l l ing in the United States

Col l iers International (2018) US Research Report, Office Market Outlook Q1 2018.

Huang, M., Simonen, K., Ditto, J. (2018) Life Cycle Assessment (LCA) for Low Carbon Construction: Tenant Improvements in

Commercial Office Bui ldings, Final Report and Supplemental Data Sets.

Simonen, K., Rodriguez, B., McDade, E,. Strain, L. (2017) Embodied Carbon Benchmark Study: LCA for Low Carbon Construction.

Avai lable at http://hdl .handle.net/1773/38017.

Rodriguez, B.X., Lee H.W., Simonen, K., Huang, M. (2018) Life Cycle Assessment (LCA) for Low Carbon Construction: Mechanical ,

Electrical , and Plumbing in Commercial Office Bui ldings, Final Report.

Data approximated from these sources:

Sources:

US Environmental Protection Agency (date unknown) Estimating 2003 Bui lding-Related Construction and Demol ition Material Amounts.

Sources:

Sources:

Huang, M., Simonen, K., Ditto, J. (2018) Life Cycle Assessment (LCA) for Low Carbon Construction:

Tenant Improvements in Commercial Office Bui ldings, Final Report and Supplemental Data Sets.

Data approximated from these sources:

Photo credit: US Dept. of Defense

Photo credit: Craig Thompson Photography Photo credit: Hal ifax Glass
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Several interior materials

have high embodied

carbon, are widely used,

and are easily reusable.
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103M TONS
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33M TONS

0 kg CO2e /m2

500 1000

Material reuse offers
99% or more reduction
in embodied carbon.

Data shown is based on the Carbon

Leadership Forum's research on

carbon impact of commercial

interior projects (n=5). Percent of

total mass is distribution (shown in

blue) of each material 's share of the

total mass on each project. The

same is true with embodied carbon

(shown in green).
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Huang, M., Simonen, K., Ditto, J. (2018) Life Cycle Assessment (LCA) for Low Carbon Construction:

Tenant Improvements in Commercial Office Bui ldings, Final Report and Supplemental Data Sets.

W
c
t
2
r

Of t

cons

inte

3

2

En

4

E

US Environmental Protection Agency (2018) Advancing Sustainable Materials Management: 2015 Fact Sheet - Assesing Trends in Material

Generation, Recycl ing, Composting, Combustion with Energy Recovery and Landfi l l ing in the United States

Col l iers Int
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Commercial Office Bui ldings, Final Report and Supplemental Data Sets.

Simonen, K., Rodriguez, B., McDade, E,. Strain, L. (2017) Embodied Carbon Benchmark Study: LCA for Low Carbon Construction.

Avai lable at http://hdl .handle.net/1773/38017.

Rodriguez, B.X., Lee H.W., Simonen, K., Huang, M. (2018) Life Cycle Assessment (LCA) for Low Carbon Construction: Mechanical ,

Electrical , and Plumbing in Commercial Office Bui ldings, Final Report.

Data approximated from these sources:

Sources:

US Environmental Protection Agency (date unknown) Estimating 2003 Bui lding-Related Construction and Demol ition Material Amounts.
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Several interior materials

have high embodied

carbon, are widely used,

and are easily reusable.
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Material reuse offers
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in embodied carbon.
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interior projects (n=5). Percent of
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blue) of each material 's share of the

total mass on each project. The

same is true with embodied carbon

(shown in green).
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Photo credit: Specifier Review
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Abstract: Bui lding material reuse represents a tremendous opportunity for sequestering carbon, retaining e
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FLOORING (COMMERCIAL CONSTRUCTION)

REUSE

RECYCLE

VARIOUS 
RECYCLED 
CONTENT

VARIOUS 
RECYCLED 
CONTENT

BACKING: ASPHALT RECYCLED
PVC?

YARN: RECYCLED -/+  - ECONYL

RECYCLED ( % ? )

REUSE CENTERS

TAKE-BACK PROGRAMS

CARPET

VINYL TILE

Call our recycling center at 1 888 276 7876 (op

the process

Register your floor recycling project with the Armstrong Flooring On&On™ Floor Recyc

at 1 888 276 7876 (option 3)

Submit the required documentation for approval of your project:  

n   Completed questionnaire describing project (original construction date of the bu

n  An asbestos survey

Once approved: 

n  A signed Recycling Agreement

n  A completed Recycling Logistics Form

Be sure your project is approved before you begin removal of the floors for recyclin

n   Approximately 2 to 4 weeks before demolition, specially labeled recycling conta

your site (keep dry and free of debris) 

n  Remove furniture, partitions, gondolas and shelving. Sweep up and dispose of d

n  Remove old floor with a floor scraper and shovel into the recycle bins (do not us

Attach provided shipping labels to the return freight, cover the top of the recycling 

call 1 877 276 7876 (select option 3) to arrange for pickup

 T
O 

OU
RS

!

RECYCLING YOUR OLD FLOORING 
IS SIMPLE

Except as 
free of cha
with the pu
are no job 
Truckload 

Check w

represen

On&On™

1 888 2

material

recycling

the types

methods

ARMSTRONG 
FLOORING RECYCLING 
PROGRAM
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CHEAT SHEET 1

EXISTING

-SOURCING CRITERIA - ORIGIN

SALVAGED
RECYCLED
RENEWABLE
CARBON 
STORING

MADE WITH 
VIRGIN  RAW 
MATERIALS

REPAIRED/ 
REMANUFACTURED

> > > >

REUSE / 
DONATE

-DISPOSING - CONSIDER DECONSTRUCTION

REPAIR RECYCLE
COMPOST

WASTE TO 
ENERGY

REMANUFACTURE> > > >

DURABLE REPAIRABLE
UPGRADABLE

REUSABLE TRULY RECYCLABLE
COMPOSTABLE

-SOURCING CRITERIA - END-OF-LIFE-

+ + +
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CHEAT SHEET 2 - MAKING IT HAPPEN

UNDERSTANDING, BEING AWARE OF THE 
ISSUE, AND MOTIVATED TO ACT

LIGHT CHANGES IN DAILY OPERATIONS

EXPERIMENT CIRCULARITY IN PROJECTS

DEVELOP AWARENESS 
AND COMMITMENT IN THE 

PROFESSION

DEMONSTRATE THE 
POSSIBILITY AND BENEFITS 

OF CIRCULAR BUILDING

INNOVATE: IMPLEMENT FULLER CIRCULARITY

POLICIES TO GET THERE FAST ENOUGH+



CARBON ARCHITECTURE LEADERS IN ENERGY: REGENERATION SERIESJOËL ONORATO, STUDIOMB 17

QUESTIONS?

WHAT WOULD YOU LIKE TO KNOW MORE ABOUT?

STOP BEING LESS BAD?

EUROPE?

WOOD END OF LIFE?

BRICKS?

WHAT’S NEXT?

THAT’S TOO EXPENSIVE!
COST PREMIUM ?

POSSIBLE POLICIES?

CASE STUDIES?

RENEWABLE BETTER THAN TECHOLOGICAL CYCLE?

IS RECYCLING NOT ENOUGH?
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NEW BUSINESS MODELS

INTENSIFICATION OF 
MANUFACTURER’S 
RELATIONSHIP WITH THEIR 
CONSUMERS

SELLING EXPERIENCE/SERVICE

KEEPING OWNERSHIP

+

PHILIPS LIGHTING, ENGIE. SCHIPHOL INTERNATIONAL AIRPORT

TU DELFT - FACADE LEASING PILOT PROGRAM
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AN ECONOMY FOR THE 21ST CENTURY

DEPLETION OF FINITE NATURAL 
RESOURCES

INCREASING 
AMOUNT OF 

WASTE

PEOPLE’S INCREASING 
COMMITMENT TO 
SUSTAINABILITY
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ENVELOPE

BRICKS INSULATION

RECYCLE

REUSE RENEWABLE + STORE

WOOL INSULATION 
- HAVELOCK WOOL

STRAW BALE INSULATION 
- ARKIN TILT ARCHITECTS

MAHONIA MIXED-USE BUILDING - 
ARKIN TILT ARCHITECTS

BRICK SORTING -  BE CIRCULAR 
BRUSSELS PLATFORM

70- 85 % INDUSTRIAL WASTE
15-30 % POST-CONSUMER 

GREEN LEAF BRICK
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FURNITURE

REUSE

RECYCLE

REPAIR

REMANUFACTURE

ON A PRODUCT BY 
PRODUCT BASIS:
•	 RECYCLED CONTENT
•	 PARTLY RECYCLABLE
•	 REPAIR-

REMANUFACTURE 
PROGRAMS

•	 TAKE-BACK PROGRAMS
•	 ...

TYPICAL 
MANUFACTURERS

ANY 
BUSINESS

NON-PROFIT 
BUSINESS

FIRST USE
RE-USE 
CENTERS

SOLD / 
DONATED TO

END OF SECOND LIFE

DONATED TO ?
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SOURCING (AND GIVING) - SALVAGED MATERIALS

COMMUNITY FORKLIFT
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SOURCING (AND GIVING) - OFFICE FURNITURE

•	 PVIPVI.COM/USED-OFFICE-FURNITURE

•	 ETHOSOURCE/WASHINGTON-DC-USED-OFFICE-FURNITURE

•	 GERSTELOFFICEFURNITURE.COM

•	 MAMMOTHOFFICEFURNITURE.COM/WAREHOUSE-NORTHERN-VIRGINIA

•	 FURNITUREFINDERS.COM/OFFICE/STATES/OFFICE-FURNITURE-

DISTRICT-OF-COLUMBIA.HTML

•	 RE-FORM.COM/ABOUT/

•	 ANDYSTERNS.COM/FAIRFAX-USED-OFFICE-FURNITURE
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COMMERCIAL CONSTRUCTION

ALLFORREUSE.ORG
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STEEL

REUSED STEEL COMPONENTS HAVE “LESS THAN A QUARTER THAN THE [CARBON] IMPACT OF NEW MATERIALS 
(EVEN FROM RECYCLED SOURCES)”

STRUCTURE AND CARBON, ASCE, 2012

RECYCLING RATE ( BUILDING STEEL)

RECYCLE

ASSEMBLY: NOT JUST BOLTS...

LINDAPTER CLAMPING SYSTEM  AT 
AMERICAN COPPER BUILDING, SHOP 
ARCHITECTS

CONXTECH - CONXL 300 SYSTEM CBU ENGINEERING FACILITY STRUCTURE - CONXTECH, 
GENSLER

REUSE

85%

REDUCE - EMBODIED CARBON FURNACE TYPE AND PRODUCT TYPE



CARBON ARCHITECTURE LEADERS IN ENERGY: REGENERATION SERIESJOËL ONORATO, STUDIOMB 27

TODAY: OPPORTUNITIES ON A CASE BY CASE BASIS

deviation from the dominant linear model increase in risk and cost

variety and complexity of real estate projects
circular economy looks at unexplored value

opportunities
on a case-by-case basis+

IMAGE BENEFIT : TANGIBLE 
SUSTAINABILITY STATEMENT

CORPORATE 
COMMITMENTS

MARKET
DIFFERENTIATOR

REDUCED
CONSTRUCTION COSTS

HIGHER FLEXIBILITY
EASE OF MAINTENANCE: 
REDUCED LIFE CYCLE COSTS


