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Data through 2018    Source: NASA
Goddard Institute for Space Studies

2000 Years of CO2 and Global Temperature

Source: (Temperature) Thompson, et al., Abrupt Tropical Climate Change: Past and Present, Proc. Natl. Acad. Sci. USA, vol. 103, no. 28 
(CO2) Australian Academy of Science; Etheridge, et al. (2006), Law Dome CO2, CH4 and N2O ice core records extended to 2000 years BP, 
Geophysical Research Letters 33
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Source: National Climatic Data Center, NOAA

800,000 Years of CO2 and Global Temperature CO2 Increase Since 1800’s

66%      270 PPM

34%  
+140 PPM

Prior to 1880

Added 1880-2014

270 ppm to 410 ppm = 52% increase in CO2

Prior to 1800’s

Added 1800’s-2019

110 Million Tons of global warming gases 
emitted by human activities every day

https://archive.epa.gov/climatechange/ 
kids/basics/today/greenhouse-gases.html
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• Embodied Energy

• Embodied Carbon

• Carbon Sequestration

• Carbon Footprint

• CO2eq or CO2eq100

• Biogenic Carbon

• LCAs, PCRs, EPDs
•CO2eq100

Cradle-to-Grave

• Weighs 6.30 lbs./gallon

• Combustion of 1 gallon produces 20 lbs. CO2 !

2 C8H18 + 25 O2 16 CO2 + 18 H2O (octane)

C +     O2     CO2

12 + (2)(16) =   44

• “Cradle-to-gate” 1 gallon  5 lbs. CO2

• Combustion 1 gallon  20 lbs. CO2

• “Well to wheel”  1 gallon  25 lbs. CO2        4X its weight

Gasoline – 25 lbs. CO2 /gallon (“well to wheel”)

Hypothetical Labor Situation
12 workers, driving 
12 trucks that get 
12 mpg, 
12 miles to and from jobsite, for 
12 weeks….

12 ⋅ 25 lbs. CO2/g/12 mi./g ⋅ 12 mi. ⋅ 12 ⋅ 5 =

18,000 lbs. CO2

13 14

15 16

17 18



7/14/2019

4

Portland cement plant in Alpena, MI

NRMCA EPD’s updated Oct. 2016 cradle-to-gate
http://www.nrmca.org/sustainability/EPDProgram/
Approximations

1.0 lb. CO2 for every 1 lb. of Portland cement in mix *
0.1 lb. CO2 for every 1 lb. of concrete placed *

Varies from about 350 to 800 lbs. per cubic yard *

* - Not including delivery to jobsite, placement, forms, waste, end-of-life impacts.

*
*

*
•Estimate 1.5 tons/ton erected structural steel 

*

* - Not including delivery to jobsite, erection, scaffolding, waste, and end-of-life impacts. http://owic.oregonstate.edu

www.realoutdoorliving.org

AWC EPD’s – Apr 2013 – Cradle to Gate
http://awc.org/greenbuilding/epd
Softwood Lumber –
0.15 lbs CO2e/lbs wood *

* - Not including delivery to jobsite, erection, 
scaffolding, waste, sequestration, end-of-life impacts.

• Carbon comprises about 50% of the  mass of dry wood fiber.

• 1 lbs. Carbon in wood represents about 3.67 lbs. of CO2
removed from the atmosphere.

• Example

100 lbs. of 19% moisture content wood

Dry wood fiber = (100 lbs.)(1/1.19) = 84 lbs.

Sequestered CO2 = (84 lbs.)(.5)(3.67) = 154 lbs.

1 lb. wood stores about 1.5 lbs. of atmospheric CO2

... Not including emissions at the end of the product’s life.
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CARBON PALLET - STRUCTURAL MATERIALS
Cradle-to-Gate

MATERIAL lbs./c.f. lbs. CO2eq/lb. Waste Est. Constr. Est. lbs. CO2eq/lb.

Concrete with 500 lbs/CY Portland cement 145 0.13 5% 5% 0.14
Concrete with 400 lbs/CY Portland cement 145 0.10 5% 5% 0.11
Concrete with 300 lbs/CY Portland cement 145 0.08 5% 5% 0.09
Grade 60 Reinforcing Bars 495 0.85 5% 5% 0.94

CMU: 8" thick 55 0.10 5% 5% 0.11
CMU: 10" thick 65 0.10 5% 5% 0.11
Cementitious grout 145 0.16 5% 5% 0.18

Structural steel - Wide Flange sections 495 1.16 5% 5% 1.28
Structural steel - Fabricated steel plate 495 1.47 5% 5% 1.62
Steel - HSS (avg) 495 1.76 5% 5% 1.94
Steel - avg. bldg project (from above 3 lines) 495 1.25 5% 5% 1.38
Open-Web Steel Joists 495 1.38 5% 5% 1.52
Cold-formed steel framing 495 2.30 5% 5% 2.53
Steel Roof and Floor Deck 495 2.37 5% 5% 2.61

Cradle-to-Finished-Building
CARBON PALLET - STRUCTURAL MATERIALS

Cradle-to-Gate

MATERIAL lbs./c.f. lbs. CO2eq/lb. Waste Est. Constr. Est. lbs. CO2eq/lb.

WOOD - ASSUMING NO BIOGENIC CARBON
Softwood Lumber 19% moisture content 32 0.14 10% 10% 0.17
Softwood Plywood 19% m.c. 36 0.23 10% 10% 0.28
Oriented Strand Board (OSB) 19% m.c. 44 0.35 10% 10% 0.42
Glued-Laminated Timber 19% m.c. 39 0.32 10% 5% 0.37
Wood I-Joists 19% m.c. 38 0.48 5% 5% 0.53
Nordic X-Lam CLT 19% m.c. 31 0.25 5% 5% 0.28

WOOD - INCLUDING BIOGENIC CARBON, REDUCED FOR END-OF-SERVICE LIFE  
Softwood Lumber 19% moisture content 32 (0.94) 10% 10% (0.77)
Softwood Plywood 19% m.c. 36 (0.88) 10% 10% (0.60)
Oriented Strand Board (OSB) 19% m.c. 44 (0.97) 10% 10% (0.55)
Glued-Laminated Timber 19% m.c. 39 (1.09) 10% 5% (0.72)
Wood I-Joists 19% m.c. 38 (1.06) 5% 5% (0.53)
Nordic X-Lam CLT 19% m.c. 31 (0.94) 5% 5% (0.67)

Cradle-to-Finished-Building

GWP of 
Insulation Types

Source:  
BuildingGreen

New options: GPS 
rigid insulation and
rigid-board phenolic 

foam!

As of 2018 most Extruded Polystyrene (XPS) produced in
the U.S. uses HFC 134a as a blowing agent. This gas has a
GWP rating (over 100 years) of 1,430 - it has 1,430 times
more global warming potency than CO2. The gas never
breaks down, remaining active in the atmosphere for
thousands of years.

The EPA has drafted a policy curtailing its use, but its
adoption is on hold. Alternates to this blowing agent are
available, and used in the EU, but they are more expensive.
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• 20 ga. steel roof deck
• Open-web steel roof joists
• Structural steel framing
• 2nd floor composite steel deck
• Cold-formed steel wall studs
• 5” conc. 1st. floor slab on grade
• Strip footings + foundation walls
• Interior spread footings

MATERIAL lbs. CO2eq/lb. lbs. CO2eq
20 ga. steel roof decking 10,000 sf 2.2 psf 22,000    lbs. 2.61 57,420        
Open-web steel roof joists 10,000 sf 2.5 psf 25,000    lbs. 1.52 38,000        
Structural steel framing 20,000 sf 7.5 psf 150,000 lbs. 1.38 207,000     
Composite steel floor decking 10,000 sf 2.3 psf 23,000    lbs. 2.61 60,030        
Cold-formed steel wall studs 30,000 sf 0.4 psf 12,000    lbs. 2.53 30,360        

2nd floor conc - 3.5" eff. t, 4000 psi 10,000 sf 108 cy 421,200 lbs. 0.14 58,968        
1st floor conc slab - 5” 3000 psi 10,000 sf 155 cy 604,500 lbs. 0.10 60,450        
Strip footings + fd'n walls 3500 psi 110 cy 429,000 lbs. 0.12 51,480        
Int. ft'gs, 12 x 6x6, 3500 psi 24 cy 93,600    lbs. 0.12 11,232        
Steel rebar, assume 0.5% conc vol. 2.0        cy 54 cf 26,958    lbs. 0.94 25,341        

600,281     

• Reduction of steel roof deck gage
• Optimized structural steel framing
• Supplemental Cementitious Materials (SCM) – cement redux
• Reduced concrete strength – Portland cement redux
• Frost-protected shallow foundations (FPSF)
• Wood wall studs

 22 ga. steel roof deck

 10% material optimized
 20% SCM, cement redux
 Wood wall studs
 4”, 20% SCM, cement redux
 FPSF, 20% SCM, cem. redux
 20% SCM, cement redux

Steel Moment Frames require 
more steel material per service 
unit than braced frames. 

Braced frames can be designed 
in a variety of configurations. 

Consider Hybrid Masonry/Steel 
Frames.

Fly Ash
Byproduct of coal-fired electric and steam generating plants

Type C and Type F - both used for concrete

15 - 25% cement replacement, typical

Ground Granulated Blast-Furnace Slag (GGBFS)
Co-generated during the refinement of iron from iron ore

Must be ground to cement-grain fineness

Effect on concrete is similar to Fly Ash

25 - 50% cement replacement, typical

Others   
- Silica Fume
- Rice Hull
- Ground Glass
- More
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Source: National Association of Home Builders - www.nahb.com

Frost-Protected Shallow Foundations FPSF and Energy Code Thermal Design

For Syracuse, 
heated building, 
hf = 12 inches      
( h < 12”)

MATERIAL lbs. CO2eq/lb. lbs. CO2eq
22 ga. steel roof decking 10,000 sf 1.8 psf 18,000    lbs. 2.61 46,980        
Open-web steel roof joists 10,000 sf 2.5 psf 25,000    lbs. 1.52 38,000        
Structural steel framing - optimized 20,000 sf 6.8 psf 136,000 lbs. 1.38 187,680     
Composite steel floor decking 10,000 sf 2.3 psf 23,000    lbs. 2.61 60,030        
2x4 / 2x6 wall studs - 22% framing factor 30,000 sf 3.2 psf 96,800    lbs. -0.77 (74,536)      

2nd fl. conc - 3.5" eff. t, 3000 psi, 20% SCM 10,000 sf 108 cy 421,200 lbs. 0.09 37,908        
1st floor conc slab - 4” 3000 psi, 20% SCM 10,000 sf 155 cy 604,500 lbs. 0.09 54,405        
FPSF + fd'n walls 3000 psi, 20% SCM 55 cy 214,500 lbs. 0.09 19,305        
Int. ft'gs, 12 x 6x6, 3000 psi, 20% SCM 24 cy 93,600    lbs. 0.09 8,424          
Steel rebar, assume 0.5% conc vol. 1.7        cy 46 cf 23,224    lbs. 0.94 21,830        

400,026     

• Wood framing
• Glulam and microllam
• TGI floor and roof joists
• Plywood / OSB floor and roof decking

• Higher percentage of SCM – greater cement redux
• Frost-protected shallow foundations (FPSF)
• Optimized foundation design
• Wood wall studs
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 OSB roof sheathing
 TGI wood floor & roof joists
 Glulam floor & roof beams
 Plywood floor sheathing
 Wood wall studs
 4”, 20% SCM, cement redux
 FPSF, 30% SCM, cem. redux
 30% SCM, cem. redux, opt.

MATERIAL lbs. CO2eq/lb. lbs. CO2eq
OSB wood roof decking 10,000 sf 3.2 psf 32,083    lbs. -0.55 (17,646)      
TGI wood roof floor and roof joists 20,000 sf 4.2 psf 84,000    lbs. -0.53 (44,520)      
Glulam beams and columns 20,000 sf 5 psf 100,000 lbs. -0.37 (37,000)      
Steel wood connectors 20,000 sf 0.5 psf 10,000    lbs. 2.61 26,100        
2x4 / 2x6 wall studs 30,000 sf 3.2 psf 96,800    lbs. -0.77 (74,536)      

Plywood floor decking 10,000 sf 2.6 psf 26,250    lbs. -0.6 (15,750)      
1st floor conc slab - 4” 2500 psi, 20% SCM 10,000 sf 124 cy 483,600 lbs. 0.07 33,852        
Optim. FPSF + fdn. walls 3000 psi, 30% SCM 44 cy 171,600 lbs. 0.08 13,728        
Optim. int. ftgs, 12 x 6x6, 3000 psi, 30% SCM 19 cy 74,880    lbs. 0.08 5,990          
Steel rebar, assume 0.4% conc vol. 0.8        cy 21 cf 10,312    lbs. 0.94 9,693          

(100,088)    

• Incremental 400,026 lbs.CO2eq 20 lbs./sf

•Transformative (-100,088) lbs. CO2eq   -5 lbs./sf

Conventional Incremental Transformative

600,000 lbs.

400,000 lbs.

(100,000 lbs.)
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• Pre-manufactured laminated panels for 
walls, floors, roofs

• Solid wood resists heat flow, contributes 
to thermal mass

• Fire tests are encouraging

• Hybrid podium systems – lower levels of 
concrete or steel

• Other wood-based structural    systems 
exist, including         Woodcube, Massivtre

University of Massachusetts Design Building, 
Amherst, MA

Structural Engineer: Simpson Gumpertz & Heger
Architect: Leers Weinzapfel

CLT Plant Opening in Maine!

Carbon12 –
8-story glulam 
and CLT building 
completed in ’17

(Courtesy 
treesource.org)

17 stories of CLT on 1-
story concrete podium. 
Completed 2017.

UBC Brock Commons 
student housing

ACI 318

• Crystalline waterproofing admixtures and topical applications –
do they change exposure class?
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Typical Concrete Slab Strength: 3000 psi

3000 lbs./in 2 X (12 in./ft.)2 =          432,000 psf

Typical Floor Live Loading:                      100 psf

432,000 psf / 100 psf = 4,320   use a 2.0 FoS….

* Most concrete slabs on grade are at least 2,000 
times stronger than their required strength! *

STANDARD  
5” standard concrete on 

compacted subbase

ALTERNATIVE
4” low-strength concrete with 
superplasticizer on compacted

subbase w/ 3/8” underlayment topping
Concrete Type, 

Cement Amount 
CO2-e per SF

(cradle-to-gate)

4000 psi, 450 lbs./CY 6.9

3000 psi, 350 lbs./CY 5.4 (22% redux)

3000 psi, 20% SCM, 
280 lbs./CY

4.3 (38% redux)

Concrete Type, 
Cement Amount 

CO2-e per SF
(cradle-to-gate)

2000 psi, 50% SCM, 
150 lbs./CY

1.8 (70% redux)

500 psi, 50% SCM, 
50 lbs./CY 0.62 (91% redux)

• Geopolymer cements
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Thank you!
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