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Data through 2018    Source: NASA
Goddard Institute for Space Studies
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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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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







• 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 about 20 lbs. of 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



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.

http://www.nrmca.org/sustainability/EPDProgram/


*
*

*

• Estimate 1.5 lbs./lb. structural steel 
*

* - Not including delivery to jobsite, erection, scaffolding, waste, and end-of-life impacts.
21



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/lb. wood *

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

		Conversions						http://www.onlineconversion.com/

		1.00		kg		=		2.20		lbs.

		1.00		cubic meter		=		35.30		cubic feet

		1.00		Rsi				5.68		R us

		1.00		meter				39.37		inches





http://www.onlineconversion.com/

pallet july 19

				CARBON PALLET		Pounds of CO2eq emitted per pound of building material



				Jim D'Aloisio     jad@khhpc.com		Updated		6-Jul-2019

				CARBON PALLET - STRUCTURAL MATERIALS

								Cradle-to-Gate		Cradle-to-Finished-Building

				MATERIAL		lbs./c.f.		lbs. CO2eq/lb.		Waste Est.		Constr. Est.		lbs. CO2eq/lb.		URL Reference, or Notes



		Division 3		Concrete with 500 lbs/CY Portland cement		145		0.13		5%		5%		0.14		www.nrmca.org/sustainability/EPDProgram/

				Concrete with 400 lbs/CY Portland cement		145		0.10		5%		5%		0.11		www.nrmca.org/sustainability/EPDProgram/

				Concrete with 300 lbs/CY Portland cement		145		0.08		5%		5%		0.09		www.nrmca.org/sustainability/EPDProgram/

				Grade 60 Reinforcing Bars		495		0.85		5%		5%		0.94		www.astm.org/CERTIFICATION/DOCS/253.EPD_for_Concrete_Reinforcing_Steel.pdf



		Division 4		CMU: 8" thick		55		0.10		5%		5%		0.11		Assumed similar to concrete with 400 lbs. of cement per cubic yard. Only EPD is from individual manufacturers like Angel Block

				CMU: 10" thick		65		0.10		5%		5%		0.11

				Cementitious grout		145		0.16		5%		5%		0.18		Assumed similar to concrete with 650 lbs. of cement per cubic yard (proportion-based spec)



		Division 5		Structural steel - Wide Flange sections		495		1.16		5%		5%		1.28		www.aisc.org/epd

				Structural steel - Fabricated steel plate		495		1.47		5%		5%		1.62		www.aisc.org/epd

				Steel - HSS (avg)		495		1.76		5%		5%		1.94		www.aisc.org/epd

				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		https://steeljoist.org/wp-content/uploads/SJI-EPD-2015-11-23.pdf

				Cold-formed steel framing		495		2.30		5%		5%		2.53		www.scscertified.com/products/cert_pdfs/SCS-EPD-03838_SRI_CFS-Stud-Track_011916_web.pdf?r=1

				Steel Roof and Floor Deck		495		2.37		5%		5%		2.61		http://www.sdi.org/wp-content/uploads/2016/10/101.1_SDI_-EPD_Steel-Roof-and-Floor-Deck_20151215.pdf



		Division 6		WOOD - ASSUMING NO BIOGENIC CARBON

				Softwood Lumber 19% moisture content		32		0.14		10%		10%		0.17		https://awc.org/pdf/greenbuilding/epd/AWC-EPD-SoftwoodLumber-190328.pdf

				Softwood Plywood 19% m.c.		36		0.23		10%		10%		0.28		https://awc.org/pdf/greenbuilding/epd/AWC-EPD-SoftwoodPlywood-190328.pdf

				Oriented Strand Board (OSB) 19% m.c.		44		0.35		10%		10%		0.42		https://awc.org/pdf/greenbuilding/epd/AWC-EPD-OSB-190328.pdf

				Glued-Laminated Timber 19% m.c.		39		0.32		10%		5%		0.37		https://awc.org/pdf/greenbuilding/epd/AWC-EPD-Glulam-190328.pdf

				Wood I-Joists 19% m.c.		38		0.48		5%		5%		0.53		https://awc.org/pdf/greenbuilding/epd/AWC-EPD-IJoists-190328.pdf

				Nordic X-Lam CLT 19% m.c.		31		0.25		5%		5%		0.28		https://fpinnovations.ca/ResearchProgram/environment-sustainability/epd-program/Documents/environmental-product-declaration-nordic-x-lam.pdf



		Division 6		WOOD - INCLUDING BIOGENIC CARBON, REDUCED FOR END-OF-SERVICE LIFE  

				Softwood Lumber 19% moisture content		32		(0.94)		10%		10%		(0.77)		https://awc.org/pdf/greenbuilding/epd/AWC-EPD-SoftwoodLumber-190328.pdf

				Softwood Plywood 19% m.c.		36		(0.88)		10%		10%		(0.60)		https://awc.org/pdf/greenbuilding/epd/AWC-EPD-SoftwoodPlywood-190328.pdf

				Oriented Strand Board (OSB) 19% m.c.		44		(0.97)		10%		10%		(0.55)		https://awc.org/pdf/greenbuilding/epd/AWC-EPD-OSB-190328.pdf

				Glued-Laminated Timber 19% m.c.		39		(1.09)		10%		5%		(0.72)		https://awc.org/pdf/greenbuilding/epd/AWC-EPD-Glulam-190328.pdf

				Wood I-Joists 19% m.c.		38		(1.06)		5%		5%		(0.53)		https://awc.org/pdf/greenbuilding/epd/AWC-EPD-IJoists-190328.pdf

				Nordic X-Lam CLT 19% m.c.		31		(0.94)		5%		5%		(0.67)		https://fpinnovations.ca/ResearchProgram/environment-sustainability/epd-program/Documents/environmental-product-declaration-nordic-x-lam.pdf



		Other		Straw bale 		7.0		0.01		5%		5%		0.01

				Baling wire/ties		495		2.83		5%		5%		3.11

				Cement plaster stucco		60		0.25		5%		5%		0.28

				Brick		137		0.16		5%		5%		0.17

				Fiberglass Batt		1.0		1.40		5%		5%		1.54

				Mineral Fiber		4.0		1.20		5%		5%		1.32

				EPS		1.0		2.90		5%		5%		3.19

				XPS		2.0		120.00		5%		5%		132.00

				Owens Corning Foamular 250 XPS		1.6		84.70		5%		5%		93.17		http://www.owenscorning.com/NetworkShare/EIS/10018927%20EPD%20-%20FOAMULAR%20Insulation.pdf

				Polyisocyanurate		2.2		3.30		5%		5%		3.63

				Closed-Cell HFC-blown polyurethane		2.0		120.00		5%		5%		132.00

				3/4" Composite Siding		120		0.85		5%		5%		0.94

				5/8" Gypsum Sheathing		42		0.12		5%		5%		0.13

				NOTES

				Unreferenced lines are older data without documented sources or calculations

				Calculations by J. D'Aloisio based on EPD data.

				5% waste and 5% construction are placeholders only. Better to include something than to completely ignore these emissions. No industry-wide data is yet available. Also, these amounts vary between projects.

				1 cubic yard of concrete weighs aprox.		3900		lbs.

				1 cubic foot of steel weighs approx.		503		lbs.

				Density of steel is 0.291 lbs./cubic inch



http://www.nrmca.org/sustainability/EPDProgram/https://awc.org/pdf/greenbuilding/epd/AWC-EPD-SoftwoodPlywood-190328.pdfhttps://awc.org/pdf/greenbuilding/epd/AWC-EPD-SoftwoodLumber-190328.pdfhttps://awc.org/pdf/greenbuilding/epd/AWC-EPD-OSB-190328.pdfhttps://awc.org/pdf/greenbuilding/epd/AWC-EPD-Glulam-190328.pdfhttps://awc.org/pdf/greenbuilding/epd/AWC-EPD-IJoists-190328.pdfhttps://fpinnovations.ca/ResearchProgram/environment-sustainability/epd-program/Documents/environmental-product-declaration-nordic-x-lam.pdfhttps://steeljoist.org/wp-content/uploads/SJI-EPD-2015-11-23.pdfhttp://www.aisc.org/epdhttp://www.aisc.org/epdhttp://www.aisc.org/epdhttp://www.astm.org/CERTIFICATION/DOCS/253.EPD_for_Concrete_Reinforcing_Steel.pdfhttp://www.nrmca.org/sustainability/EPDProgram/http://www.nrmca.org/sustainability/EPDProgram/http://www.owenscorning.com/NetworkShare/EIS/10018927%20EPD%20-%20FOAMULAR%20Insulation.pdfhttp://www.scscertified.com/products/cert_pdfs/SCS-EPD-03838_SRI_CFS-Stud-Track_011916_web.pdf?r=1https://awc.org/pdf/greenbuilding/epd/AWC-EPD-SoftwoodPlywood-190328.pdfhttps://awc.org/pdf/greenbuilding/epd/AWC-EPD-SoftwoodLumber-190328.pdfhttps://awc.org/pdf/greenbuilding/epd/AWC-EPD-OSB-190328.pdfhttps://awc.org/pdf/greenbuilding/epd/AWC-EPD-Glulam-190328.pdfhttps://awc.org/pdf/greenbuilding/epd/AWC-EPD-IJoists-190328.pdfhttps://fpinnovations.ca/ResearchProgram/environment-sustainability/epd-program/Documents/environmental-product-declaration-nordic-x-lam.pdf

20,000 sf conv

				Steel deck roof, OWSJ roof, composite deck 2nd floor on composite steel beams, columns, 5" sog, conventional fd'n

				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		lbs. CO2

																				30.01		psf





chart

		c

						30		Conventional construction

						20		Modest changes to construction

						-5		Wood framed with sig. changes





EZ PZ

				Wood studs, frost-protected shallow foundations, SCM and optimized strength concrete, 4" SOG



				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		3.2266666667		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		lbs. CO2

																				20.00		psf





Trans

				Wood framing and deck, wood studs, FPSF and optimized foundations with high SCM, 4" slab



				MATERIAL														lbs. CO2eq/lb.		lbs. CO2eq

				OSB wood roof decking		10,000		sf		3.2083333333		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		3.2266666667		psf		96,800		lbs.		-0.77		(74,536)



				Plywood floor decking		10,000		sf		2.625		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						19.2		cy		74,880		lbs.		0.08		5,990

				Steel rebar, assume 0.04% conc vol.		0.8		cy		21		cf		10,312		lbs.		0.94		9,693

																				(100,088)		lbs. CO2

																				(5.00)		psf







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


conversions

		Conversions						http://www.onlineconversion.com/

		1.00		kg		=		2.20		lbs.

		1.00		cubic meter		=		35.30		cubic feet

		1.00		Rsi				5.68		R us

		1.00		meter				39.37		inches





http://www.onlineconversion.com/

pallet july 19

				CARBON PALLET		Pounds of CO2eq emitted per pound of building material



				Jim D'Aloisio     jad@khhpc.com		Updated		6-Jul-2019

				CARBON PALLET - STRUCTURAL MATERIALS

								Cradle-to-Gate		Cradle-to-Finished-Building

				MATERIAL		lbs./c.f.		lbs. CO2eq/lb.		Waste Est.		Constr. Est.		lbs. CO2eq/lb.		URL Reference, or Notes



		Division 3		Concrete with 500 lbs/CY Portland cement		145		0.13		5%		5%		0.14		www.nrmca.org/sustainability/EPDProgram/

				Concrete with 400 lbs/CY Portland cement		145		0.10		5%		5%		0.11		www.nrmca.org/sustainability/EPDProgram/

				Concrete with 300 lbs/CY Portland cement		145		0.08		5%		5%		0.09		www.nrmca.org/sustainability/EPDProgram/

				Grade 60 Reinforcing Bars		495		0.85		5%		5%		0.94		www.astm.org/CERTIFICATION/DOCS/253.EPD_for_Concrete_Reinforcing_Steel.pdf



		Division 4		CMU: 8" thick		55		0.10		5%		5%		0.11		Assumed similar to concrete with 400 lbs. of cement per cubic yard. Only EPD is from individual manufacturers like Angel Block

				CMU: 10" thick		65		0.10		5%		5%		0.11

				Cementitious grout		145		0.16		5%		5%		0.18		Assumed similar to concrete with 650 lbs. of cement per cubic yard (proportion-based spec)



		Division 5		Structural steel - Wide Flange sections		495		1.16		5%		5%		1.28		www.aisc.org/epd

				Structural steel - Fabricated steel plate		495		1.47		5%		5%		1.62		www.aisc.org/epd

				Steel - HSS (avg)		495		1.76		5%		5%		1.94		www.aisc.org/epd

				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		https://steeljoist.org/wp-content/uploads/SJI-EPD-2015-11-23.pdf

				Cold-formed steel framing		495		2.30		5%		5%		2.53		www.scscertified.com/products/cert_pdfs/SCS-EPD-03838_SRI_CFS-Stud-Track_011916_web.pdf?r=1

				Steel Roof and Floor Deck		495		2.37		5%		5%		2.61		http://www.sdi.org/wp-content/uploads/2016/10/101.1_SDI_-EPD_Steel-Roof-and-Floor-Deck_20151215.pdf



		Division 6		WOOD - ASSUMING NO BIOGENIC CARBON

				Softwood Lumber 19% moisture content		32		0.14		10%		10%		0.17		https://awc.org/pdf/greenbuilding/epd/AWC-EPD-SoftwoodLumber-190328.pdf

				Softwood Plywood 19% m.c.		36		0.23		10%		10%		0.28		https://awc.org/pdf/greenbuilding/epd/AWC-EPD-SoftwoodPlywood-190328.pdf

				Oriented Strand Board (OSB) 19% m.c.		44		0.35		10%		10%		0.42		https://awc.org/pdf/greenbuilding/epd/AWC-EPD-OSB-190328.pdf

				Glued-Laminated Timber 19% m.c.		39		0.32		10%		5%		0.37		https://awc.org/pdf/greenbuilding/epd/AWC-EPD-Glulam-190328.pdf

				Wood I-Joists 19% m.c.		38		0.48		5%		5%		0.53		https://awc.org/pdf/greenbuilding/epd/AWC-EPD-IJoists-190328.pdf

				Nordic X-Lam CLT 19% m.c.		31		0.25		5%		5%		0.28		https://fpinnovations.ca/ResearchProgram/environment-sustainability/epd-program/Documents/environmental-product-declaration-nordic-x-lam.pdf



		Division 6		WOOD - INCLUDING BIOGENIC CARBON, REDUCED FOR END-OF-SERVICE LIFE  

				Softwood Lumber 19% moisture content		32		(0.94)		10%		10%		(0.77)		https://awc.org/pdf/greenbuilding/epd/AWC-EPD-SoftwoodLumber-190328.pdf

				Softwood Plywood 19% m.c.		36		(0.88)		10%		10%		(0.60)		https://awc.org/pdf/greenbuilding/epd/AWC-EPD-SoftwoodPlywood-190328.pdf

				Oriented Strand Board (OSB) 19% m.c.		44		(0.97)		10%		10%		(0.55)		https://awc.org/pdf/greenbuilding/epd/AWC-EPD-OSB-190328.pdf

				Glued-Laminated Timber 19% m.c.		39		(1.09)		10%		5%		(0.72)		https://awc.org/pdf/greenbuilding/epd/AWC-EPD-Glulam-190328.pdf

				Wood I-Joists 19% m.c.		38		(1.06)		5%		5%		(0.53)		https://awc.org/pdf/greenbuilding/epd/AWC-EPD-IJoists-190328.pdf

				Nordic X-Lam CLT 19% m.c.		31		(0.94)		5%		5%		(0.67)		https://fpinnovations.ca/ResearchProgram/environment-sustainability/epd-program/Documents/environmental-product-declaration-nordic-x-lam.pdf



		Other		Straw bale 		7.0		0.01		5%		5%		0.01

				Baling wire/ties		495		2.83		5%		5%		3.11

				Cement plaster stucco		60		0.25		5%		5%		0.28

				Brick		137		0.16		5%		5%		0.17

				Fiberglass Batt		1.0		1.40		5%		5%		1.54

				Mineral Fiber		4.0		1.20		5%		5%		1.32

				EPS		1.0		2.90		5%		5%		3.19

				XPS		2.0		120.00		5%		5%		132.00

				Owens Corning Foamular 250 XPS		1.6		84.70		5%		5%		93.17		http://www.owenscorning.com/NetworkShare/EIS/10018927%20EPD%20-%20FOAMULAR%20Insulation.pdf

				Polyisocyanurate		2.2		3.30		5%		5%		3.63

				Closed-Cell HFC-blown polyurethane		2.0		120.00		5%		5%		132.00

				3/4" Composite Siding		120		0.85		5%		5%		0.94

				5/8" Gypsum Sheathing		42		0.12		5%		5%		0.13

				NOTES

				Unreferenced lines are older data without documented sources or calculations

				Calculations by J. D'Aloisio based on EPD data.

				5% waste and 5% construction are placeholders only. Better to include something than to completely ignore these emissions. No industry-wide data is yet available. Also, these amounts vary between projects.

				1 cubic yard of concrete weighs aprox.		3900		lbs.

				1 cubic foot of steel weighs approx.		503		lbs.

				Density of steel is 0.291 lbs./cubic inch



http://www.nrmca.org/sustainability/EPDProgram/https://awc.org/pdf/greenbuilding/epd/AWC-EPD-SoftwoodPlywood-190328.pdfhttps://awc.org/pdf/greenbuilding/epd/AWC-EPD-SoftwoodLumber-190328.pdfhttps://awc.org/pdf/greenbuilding/epd/AWC-EPD-OSB-190328.pdfhttps://awc.org/pdf/greenbuilding/epd/AWC-EPD-Glulam-190328.pdfhttps://awc.org/pdf/greenbuilding/epd/AWC-EPD-IJoists-190328.pdfhttps://fpinnovations.ca/ResearchProgram/environment-sustainability/epd-program/Documents/environmental-product-declaration-nordic-x-lam.pdfhttps://steeljoist.org/wp-content/uploads/SJI-EPD-2015-11-23.pdfhttp://www.aisc.org/epdhttp://www.aisc.org/epdhttp://www.aisc.org/epdhttp://www.astm.org/CERTIFICATION/DOCS/253.EPD_for_Concrete_Reinforcing_Steel.pdfhttp://www.nrmca.org/sustainability/EPDProgram/http://www.nrmca.org/sustainability/EPDProgram/http://www.owenscorning.com/NetworkShare/EIS/10018927%20EPD%20-%20FOAMULAR%20Insulation.pdfhttp://www.scscertified.com/products/cert_pdfs/SCS-EPD-03838_SRI_CFS-Stud-Track_011916_web.pdf?r=1https://awc.org/pdf/greenbuilding/epd/AWC-EPD-SoftwoodPlywood-190328.pdfhttps://awc.org/pdf/greenbuilding/epd/AWC-EPD-SoftwoodLumber-190328.pdfhttps://awc.org/pdf/greenbuilding/epd/AWC-EPD-OSB-190328.pdfhttps://awc.org/pdf/greenbuilding/epd/AWC-EPD-Glulam-190328.pdfhttps://awc.org/pdf/greenbuilding/epd/AWC-EPD-IJoists-190328.pdfhttps://fpinnovations.ca/ResearchProgram/environment-sustainability/epd-program/Documents/environmental-product-declaration-nordic-x-lam.pdf

20,000 sf conv

				Steel deck roof, OWSJ roof, composite deck 2nd floor on composite steel beams, columns, 5" sog, conventional fd'n

				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		lbs. CO2

																				30.01		psf





chart

		c

						30		Conventional construction

						20		Modest changes to construction

						-5		Wood framed with sig. changes





EZ PZ

				Wood studs, frost-protected shallow foundations, SCM and optimized strength concrete, 4" SOG



				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		3.2266666667		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		lbs. CO2

																				20.00		psf





Trans

				Wood framing and deck, wood studs, FPSF and optimized foundations with high SCM, 4" slab



				MATERIAL														lbs. CO2eq/lb.		lbs. CO2eq

				OSB wood roof decking		10,000		sf		3.2083333333		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		3.2266666667		psf		96,800		lbs.		-0.77		(74,536)



				Plywood floor decking		10,000		sf		2.625		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						19.2		cy		74,880		lbs.		0.08		5,990

				Steel rebar, assume 0.04% conc vol.		0.8		cy		21		cf		10,312		lbs.		0.94		9,693

																				(100,088)		lbs. CO2

																				(5.00)		psf









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.







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 2.7 psf 27,000       lbs. 1.52 41,040            
Structural steel framing (incl. shear conn's) 100,000  sf 8.7 psf 870,000     lbs. 1.38 1,200,600      
Composite steel floor decking 90,000    sf 2.3 psf 207,000     lbs. 2.61 540,270          
Cold-formed steel wall studs 150,000  sf 0.4 psf 60,000       lbs. 2.53 151,800          
Shear walls, 80 lf, 12"t, 4000 psi 9,600      sf 356  cy 1,386,667 lbs. 0.14 194,133          
2-10th fl. conc - 3.5" eff. t, 4000 psi 90,000    sf 972  cy 3,791,667 lbs. 0.14 530,833          
1st floor conc slab - 5" 4000 psi 10,000    sf 154  cy 601,852     lbs. 0.14 84,259            
Strip ftgs, fd'n walls, 4000 psi 2,704      sf 160  cy 623,362     lbs. 0.14 87,271            
Int. ft'gs, piers 12 x 8'x8'x18", 4000 psi 768          51    cy 199,680     lbs. 0.14 27,955            
Steel rebar, assume 0.7% conc vol. 2.6           cy 69 cf 34,733       lbs. 0.94 32,649            

2,948,231      lbs. CO2
29.48               psf



• 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





Source: National Association of Home Builders - www.nahb.com





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 2.6 psf 26,000       lbs. 1.52 39,520            
Structural steel framing (19% optimized) 100,000  sf 7.9 psf 790,000     lbs. 1.38 1,090,200      
Composite steel floor decking 90,000    sf 2.3 psf 207,000     lbs. 2.61 540,270          
2x4 / 2x6 wall studs - 22% framing factor 150,000  sf 3.2 psf 484,000     lbs. 0.17 82,280            
Shear walls, 80 lf, 12"t, 4000 psi, 20% SCM 9,600      sf 356  cy 1,386,667 lbs. 0.11 152,533          
2-10th fl. conc - 3.5" eff. t, 3000 psi, 20% SCM 90,000    sf 972  cy 3,791,667 lbs. 0.09 341,250          
1st floor conc slab - 4” 3000 psi, 20% SCM 10,000    sf 123  cy 481,481     lbs. 0.09 43,333            
Strip ftgs, FPSF fd'n walls, 3500 psi, 20% SCM 1,664      sf 82    cy 319,673     lbs. 0.1 31,967            
Int. ft'gs, 12 x 8'x8'x18", 3500 psi, 20% SCM 768          sf 43    cy 166,400     lbs. 0.1 16,640            
Steel rebar, assume 0.7% conc vol. 8.5           cy 231 cf 116,012     lbs. 0.94 109,051          

2,494,025      lbs. CO2
24.94               psf





• Wood framing
• Glulam, microlam, CLT
• 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



• 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

43



University of Massachusetts Design Building, 
Amherst, MA

Structural Engineer: Simpson Gumpertz & Heger
Architect: Leers Weinzapfel



CLT Plant Opening in Maine



 CLT decking
 Glulam roof beams
 Glulam beams and columns
 CLT decking w/conc. topping
 CLT exterior walls
 4”, 30% SCM, cement redux
 FPSF, 30% SCM, cem. redux
 30% SCM, cem. redux, opt.



MATERIAL lbs. CO2eq/lb. lbs. CO2eq
5-ply CLT (6 7/8") roof and floor decking 100,000  sf 17.8 psf 1,776,042 lbs. 0.28 497,292          
7-ply CLT (9 5/8) wall panels 20% WWR 39,936    sf 24.9 psf 992,992     lbs. 0.28 278,038          
Glulam roof and floor beams - 5 1/2" x 14" 12,000    lf 20.9 plf 250,250     lbs. 0.37 92,593            
Glulam columns - est. 12 int, avg. 5 1/2" X 16" 1,440      lf 22.2 plf 31,964       0.37 11,827            
Steel composite floor ties 90,000    sf 1.2 psf 108,000     2.53 273,240          
Steel conn hardware for glulam, 10 lbs. ea. 1,680      pcs 10 lbs. 16,800       1.62 27,216            
2-10th fl. conc - 2" t, 3000 psi, 30% SCM 90,000    sf 556  cy 2,166,667 lbs. 0.08 173,333          
Shear walls, 80 lf, 12"t, 4000 psi, 30% SCM 9,600      sf 356  cy 1,386,667 lbs. 0.1 138,667          
1st floor conc slab - 4” 2500 psi, 30% SCM 10,000    sf 123  cy 481,481     lbs. 0.07 31,296            
Strip ftgs, FPSF fd'n walls, 3500 psi, 30% SCM 2,704      sf 133  cy 519,468     lbs. 0.08 41,557            
Int. ft'gs, optimized 3500 psi, 30% SCM 768          sf 34    cy 133,120     lbs. 0.09 11,981            
Steel rebar, assume 0.7% conc vol. 8.4           cy 227 cf 114,261     lbs. 0.94 107,405          

1,684,445      lbs. CO2
16.84               psf



• 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.



MATERIAL lbs. CO2eq/lb.lbs. CO2eq
5-ply CLT (6 7/8") roof and floor decking 100,000  sf 17.8 psf 1,776,042 lbs. -0.67 (1,189,948)     
7-ply CLT (9 5/8) wall panels 20% WWR 39,936    sf 24.9 psf 992,992     lbs. -0.67 (665,305)        
Glulam roof and floor beams - 5 1/2" x 14" 12,000    lf 20.9 plf 250,250     lbs. -0.72 (180,180)        
Glulam columns - est. 12 int, avg. 5 1/2" X 16" 1,440      lf 22.2 plf 31,964       -0.72 (23,014)           
Steel composite floor ties 90,000    sf 1.2 psf 108,000     2.53 273,240          
Steel conn hardware for glulam, 10 lbs. ea. 1,680      pcs 10 lbs. 16,800       1.62 27,216            
2-10th fl. conc - 2" t, 3000 psi, 30% SCM 90,000    sf 556  cy 2,166,667 lbs. 0.08 173,333          
Shear walls, 80 lf, 12"t, 4000 psi, 30% SCM 9,600      sf 356  cy 1,386,667 lbs. 0.1 138,667          
1st floor conc slab - 4” 2500 psi, 30% SCM 10,000    sf 123  cy 481,481     lbs. 0.07 31,296            
Strip ftgs, FPSF fd'n walls, 3500 psi, 30% SCM 2,704      sf 133  cy 519,468     lbs. 0.08 41,557            
Int. ft'gs, optimized 3500 psi, 30% SCM 768          sf 34    cy 133,120     lbs. 0.09 11,981            
Steel rebar, assume 0.7% conc vol. 8.4           cy 227 cf 114,261     lbs. 0.94 107,405          

(1,253,751)     lbs. CO2
(12.54)             psf



• Incremental 2,490,000 lbs. CO2eq         24.9 lbs./sf

• Transformative 1,680,000 lbs. CO2eq         16.8 lbs./sf

• Transformative (-1,250,000) lbs. CO2eq     -12.5 lbs./sf 
* Including Biogenic Carbon *



Conventional Incremental Transformative

2,950,000 lbs.
2,490,000 lbs.

1,680,000 lbs.((1,250,000 lbs.)



Calculate UA TOTAL (Heat only) AREA R U UA

ROOF 10000 30 0.033 333

OPAQUE WALLS 40000 20 0.050 2000

FENESTRATION 10000 2.8 0.357 3571

TOP OF FOUNDATION 400 10 0.100 40

SHELF ANGLES 3690 0.390 1439

CONVECTIVE LOSSES 2500

TOTAL 9884





http://www.eia.gov/tools/faqs/faq.cfm?id=73&t=11

/MMBtu
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Carbon12 – 8-
story glulam and 
CLT building 
completed in 2017

(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?



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







Thank you!
James A. D’Aloisio
P.E., SECB, LEED AP BD+C

Klepper, Hahn & Hyatt     
           Structural Engineering

(315) 446-9201              Landscape Architecture
jad@khhpc.com      Building Envelope Systems
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