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Energy Use Intensity – E U I       
kBTU/ft2/year

Operational Carbon Impacts due to Energy Consumption 
including: 

• Heating, Ventilation and Air Conditioning

• Lighting Loads

• Equipment and Plug Loads

• Other Ongoing Energy Needs Tied to Building Operation



https://www.aia.org/design-excellence/climate-action/zero-carbon/2030-commitment
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Embodied Carbon Intensity – E C I 
kgCO2e/m2

Carbon Embodied in the Extraction, Production and Transport of 
Building Materials and Construction Activities, including: 

• Excavation and Site Development Impacts

• Manufacturing and Transport of All Building Materials

• Energy Use During Construction (fuel and electricity) 



www.aia.org/resources/202041-the-2030-commitment



±400 kgCO2e/m2 average / ±200 kgCO2e/m2 low rise



Built-in EC3 Plug-in

EPIC
Free (beta)
Early Phase Integrated Carbon
First step strategies and targets
Not high-resolution or LCA





Built-in EC3 Plug-in

VectorWorks EPIC
Built-in Plug-in to CAD Program
Bath Inventory of Carbon & Energy (ICE)
Covers all phases including Transportation
Inputs from BIM Takeoffs

Free (beta)
Early Phase Integrated Carbon
First step strategies and targets
Not high-resolution or LCA

CARE TOOL
Free
Renovation Specific
Compares to Building New
Not high-resolution or LCA



BEAM Estimator Tool
Straw-Cel Residential Example– Crested Butte, COOceanspray Strawbale Townhomes , Ashland, OR



El Cerrito Natural Grocery Company Prepared Food Annex

Oceanspray Strawbale Townhomes , Ashland, OR



Oceanspray Townhomes – Ashland, Oregon



25 kgCO2e/m2



BASELINE EUI:   ±400 kgCO2e/m2 average / ±200 kgCO2e/m2 low rise



Oceanspray Townhomes – Ashland, Oregon





www.architecture2030.org



There are lots of plant-based, carbon-storing building 
materials, which are healthier and safer too!

Timber

Cellulose Bamboo / 
BamCore

Wood Fiber 
Board

Straw

Coconut 
Coir

Cork

Mycelium

Hemp OSB

ReWall

Rice Hulls

Waste 
Textiles

+ more

Definition of Bio-Based Materials
The USDA (United States Department of Agriculture) defines bio-based as products made from renewable biological resources.
These products are derived from plants, animals, marine, or forestry materials, and provide an alternative to petroleum-based ones.

Bio-Based specifically applies to materials or products with primary content derived from biological sources rather than fossil resources.



That carbon is stored in the plants 
themselves, as well as in the soil.

During photosynthesis, plants capture 
gaseous carbon from the atmosphere. 



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. 

Ecococon 
straw SIPs

Modcell straw 
SIPs

Endeavour 
straw SIPs

Formaldehyde-
free straw 

panels
Stramit & 
Ekopanely

ISO-Stroh 
blown straw 
insulation



Earth’s Five 
Natural 
Carbon 
Sinks



US Department of Energy – ARP-E Grants ProgramUS Department of Energy – ARP-E Grants Program



EcoCocon  Panel Residence – Palo Alto – April 20th Open House

GlobalABC Report on Building Materials and Climate – www.globalABC.org 

Buildings Can Become the Earth’s Sixth Carbon Sink



ECHO Project – Embodied Carbon Harmonization and Optimization – www.echo-project.info



https://www.aia.org/design-excellence/climate-action/zero-carbon/materials-pledge



Benefits Beyond Carbon

32

Biobased 
Materials

Healthy Buildings 

Climate Change

Circular Economy 

Social Equity

Bioregional Resilience



www.materialspalette.org



Wood*

FSC, Salvaged & Reused Wood - Esalen Lodge, Big Sur, CA



Wood from HERE looks the same as wood from HERE 



Comparison of 
carbon 

emissions 
between 

timber design 
and concrete 

design over life 
cycle of 

structural 
materials.

  Credit: Arup / Bruce 

King The New Carbon 
Architecture



FSC CERTIFIED TIMBER



SALVAGED TIMBER



Esalen Lodge Renovation and Expansion









www.aia.org/resources/202041-the-2030-commitment





TIMBER TRUSSES (Instead of Steel or Concrete)



Ascent, Milwaukee – Korb + Assoc. Architects / CD Smith / Thornton Tomasetti

TALL TIMBER* (with appropriate sourcing) 



Ascent, Milwaukee – Korb + Assoc. Architects / CD Smith / Thornton Tomasetti

TALL TIMBER* (with appropriate sourcing) 



Forestree Collective Ligniloc Hardwood Nail-Laminated Timber Panels



Why does fast growth 
matter?

Time Value of Carbon and 
presence of tipping points

Fast-growing materials 
achieve net-cooling impacts 
much sooner due to short 
rotation periods

Traditional LCA approaches 
(static) do not account for the 
speed of regrowth (dynamic)



Bamboo

Simon Valez, Architect 



Laminated Bamboo and Mass Timber Bamboo [MTB] 



BamCore Panelized Wall System – Windsor, CA



Palter ADU 
San Mateo, CA



Palter ADU 
San Mateo, CA



Ward-Waller ADU 
Sacramento, CA



Hempcrete

Image courtesy of Chris Magwood



Push House, Asheville, North Carolina

Marks & Spencer Cheshire Oaks Store by Aukett Swanke



Light 
Straw 
Clay

Image courtesy of Paula Baker-Laporte / EcoNest



International Residential Code (IRC) – Appendix AR



Kerst Residence – Menlo Park, CA



Adobe

Cob Vallejo’s Petaluma Adobe, Sonoma County, CA

[in the Building Code since ca. 1940]



Straw
 Bale

Building

Vine Hill Straw Bale Residence, Sebastopol, California



Simonton House – Purdum, Nebraska  1908 Burritt Museum – Huntsville, Alabama 1938



STACKED BENEFITS

•  Annually Renewable– By-Product of Grain

•  High Insulation Value – R-30 (1.2 – 2.0/in.)

•  Thick Walls – Deep Jambs at Openings

•  Good IAQ and Humidity Control

•  STORES CARBON !

•  Acoustic Control

•  Structural Integrity

•  Excellent Fire Resistance

•  Durable and Long Lasting

•  Thermal Mass and Time Lag

•  User Friendly- Community Building



IRC CODE SECTION – IBC NEXT



CASBA
Free Download of Code w/Commentary

from the California Straw Building Assoc.

www.strawbuilding.org

Straw Bale Building Details
An Illustrated Guide for 
Design and Construction

https://www.strawbuilding.org/
Straw-Bale-Building-Details/



Thermal Mass Effect
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Fire Safety – ASTM Tested for 2 Hour Rated Wall



Norrbom Road Strawbale Home (wildfire survivor), Sonoma, California



Redwood Valley Fire – Oct. 2017 – photo by Edward Doody



Redwood Valley Fire – Oct. 2017 – photo by Edward Doody



STACKED BENEFITS

•  Annually Renewable– By-Product of Grain

•  High Insulation Value – R-30 (1.2 – 2.0/in.)

•  Thick Walls – Deep Jambs at Openings

•  Good IAQ and Humidity Control

•  STORES CARBON !

•  Acoustic Control

•  Structural Integrity

•  Excellent Fire Resistance

•  Durable and Long Lasting

•  Thermal Mass and Time Lag

•  User Friendly- Community Building



PreFab
Straw
Panels

Endeavour Centre – PreFab Straw Wall Assembly



European Prefabricated Panel Systems



North American Prefabricated Panel Systems



EcoCocon  Panel System – Slovakia Cereza Residence - Palo Alto, California



EcoCocon  Panel System – Slovakia Cereza Residence - Palo Alto, California



Rammed Earth Works Panel System Cereza Residence - Palo Alto, California



Cork Insulation / Eucalyptus Columns Cereza Residence - Palo Alto, California



Mahonia Building

Eugene, Oregon

34,000sf, $147/sq.ft.

10,886 kg CO2e storage 
in straw / wood walls 

salvaged resources 
rainwater catchment 

daylight and community





BOEBS – Bales On End Between Studs



Erica Ann Bush – Day One Design







Endeavor Centre – Chris Magwood

Los Padres US Forest Service Station, King City, California – WRNS  Studio



New Frameworks – Jacob Deva Racusin

Ridge Winery – Lytton Springs, California - Freebairn-Smith and Crane Architects



TAM (Infill Housing) – Bristol, UK – Agile Homes / Craig White Architect

Stored Carbon = 26,550 kg CO2



MODCELL  (panelized straw bale) – Inspire, Bradford, UK – White Design Architects



Timber, Thatch & Straw Panels - Enterprise Centre, Univ. of East Anglia, UK



Prefab Straw Panels – Gateway Building, University of Nottingham, UK



Endeavor Centre – Chris Magwood

Ludwigstein, Germany 



Charles Peguy High School – Dumont Legrand Architectes

Jacques Chirac Recreation Center – Architecture Regenerative



Socopolis Office Building – 10i21a

Wrapping Conventional Buildings - Landfabrik / Trait Vivant



Residence Jules Ferry, Saint Die, France – Antoine Pagnaux, ASP Architecture



Wood  Straw                   Conc.  Steel

Residence Jules Ferry, Saint Die, France – Antoine Pagnaux, ASP Architecture



East Bay Carbon Storing  
Prototype Building 

43,225 sf.

-10kg CO2e/m2

1,100,000 kg CO2e stored in 
Straw / Wood panels        

HT-BRB Bracing                
 CLT Podium Deck 

Carbon Smart Materials   
https://www.clf-sfbayarea.org/east-bay-carbon-storing-challenge



East Bay Carbon Storing Prototype Building – StopWaste   CASBA   ARUP  Verdant S.E.  Arkin Tilt Architects



Insulation
& 

Products





Cellulose   Sheep’s Wool   Hemp Wool

CAVITY INSULATION



Chopped Straw   Rice Hulls   Loose Fill Wool

CAVITY INSULATION



Cork         Compressed Straw Board Wood Fiberboard        Hemp Board

SHEATHING / ENVELOPE WRAP



Straw Panel Products
SHEATHING / ENVELOPE WRAP



MYCELIUM INSULATION & PRODUCTS



OKOM Structural Mycelium Building Products



EMERGING INSULATION & PRODUCTS

  Root Mat   Corn Cob Board



EMERGING INSULATION & PRODUCTS



Cork   Wood   Bark

EXTERIOR CLADDING / INTERIOR FINISHES & FURNISHINGS



Stak Blocks   Rice Straw MDF   Wood Chip ICF

OTHER PRODUCTS & SYSTEMS



Farmworker Housing– Blue Dot Farm, Nicasio, CA



Eureka MDF Instead of Gypsum Board – Blue Dot Farm, Nicasio, CA



www.materialspalette.org



www.materialspalette.org





www.materialspalette.org



Rammed
Earth



PISE



Earth 
Masonry

Units



Low
Carbon

Footings



Clay 
Floor 
Slabs











text here













Sierra Valley Preserve Nature Center – Straw-Cel w/Lime Plaster



Sierra Valley Preserve Nature Center – ATA at West Entrance – Biological Trail



Pythian Road Fire Rebuild, Santa Rosa, Califonia



Pythian Road Fire Rebuild, Santa Rosa, CA – Earth Block Making Demonstration



Pythian Road Fire Rebuild, Santa Rosa, CA – Site Harvested and Milled Lumber



Pythian Road Fire Rebuild, Santa Rosa, CA – Pumice Insulation and Solar Sand Bed



Pythian Road Fire Rebuild, Santa Rosa, CA – Exo-BOEBS – Bale Raising Day



Pythian Road Fire Rebuild, Santa Rosa, CA – Deep Green Building & Remodeling



Pythian Road Fire Rebuild, Santa Rosa, CA – Massey Burke / Clay Plaster



Pythian Road Fire Rebuild, Santa Rosa, CA – Arkin Tilt Architects



BUILD SHELTER.



BUILD SHELTER.

NOT TOO BIG.



BUILD SHELTER.

NOT TOO BIG.

MOSTLY PLANTS.

[with thanks / apologies to Michael Pollan / ‘Food Rules’]



Resources
• architecture2030.org
• 2030Palette.org
• materialspalette.org
• carbonsmartbuilding.org
• embodiedcarbonnetwork.org
• strawbuilding.org
• ecobuildnetwork.org
• crownhillmaterials.com
• forestreecollective.com

• bamcore.com
• buildersforclimateaction.org
• carbonleadershipforum.org
• rmi.org
• strawbale.com
• ecococon.eu
• agile.property
• rammedearthworks.com
• okomwrks.co


