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National RAS Use 1in Roads

Historical Asphalt Pricing
Compared to National Asphalt Paving Association
Reported use of RAS by Hot Mix Asphalt (HMA) Producers
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Recycled to Paving in 1,000,000's —Asphalt Annual Peak Price

'Historical Asphalt Pricing Compared to 2021 Survey Asphalt Pavement Industry Survey Recycled Materials and Warm Mix Asphalt usage Published December 2022
2Asphalt Annual Peak Pricing https://www.mass.gov/lists/massdot-period-price-archives#period-price-archives-(2020---2022)

The use of Recycled
Asphalt Shingles (RAS)
in roads has decreased
68%! from 1,964,000
million tons in 2014 to
630,000 tons in 2021.

Graph shows use
compared to asphalt
pricing?.

Asphalt pricing has
increased.

RAS use is increasing,
and


https://www.mass.gov/lists/massdot-period-price-archives#period-price-archives-(2020---2022)

RAS Use By State - 2021

. Discontinued RAS Use 2021
B Leading RAS Users
[ ] Current RAS Users

32021 Survey Asphalt Pavement Industry Survey Recycled Materials and Warm Mix Asphalt usage Published December 2022
Page 28, Table 10, States with Reported RAS Use, 2011-2021

66% of RAS Utilization in the USA3
came from 5 states.

In 24 states, 273M tons of
HMA/WMA were installed
representing 63% of a 432.4M tons
market.

of the HMA/WMA market areas
have had

38 states reported use in 2013,
which decreased to 24 states from
2013 to 2021.

In these 14 states, 108.5M tons of
HMA/WMA were installed
representing 25% of a 432.4M tons
market.



HMA Purchasing Habits

<3/8" Recycled Asphalt Shingles (RAS) 2009 2010 2011 2012 2013 2014 2015 2016 In 2017 the HMA plants accepted
Processed RAS Accepted at the HMA Plant - - - - - - 10.842{0.845(0.311(0.430(0.423{0.275 | 0.385 .935% Millions tons and purchased
Post-Consumer Asphalt Shingles| - - - - - - - - 10.591|2.534(0.277(0.277|0.230 311 tons of RAS.
Manufacturer's Waste Asphalt Shingles| - - - - - - - - 10.34470.356]0.334|0.237)0.165!
Unprocessed Shingles accepted at the HMA Plant 0.957(1.851|2.500(1.724|1.599|1.684(1.129|1.027| - - - - -
Used in Other 0.123[0.125| - |o.012|0.005]0.006] - | - | - | - | - |o.055] - In 2021, accepted .395
Used in Cold Mix - - - - - - - - - - - - - Million tons and
Used in Aggregate 0.006|0.003 [0.074|0.073|0.082|0.043 [0.009 |0.009|0.036{0.050{0.018| - |0.003
Used in HMA/WMA 0.702(1.100(1.192(1.863|1.647|1.964|1.931(1.390(0.944|1.053|0.921|0.586 | 0.630

RAS main use is in Hot and Warm
Mix Asphalt.

The trend is for HMA plants to
purchase processed materials

versus accepting waste shingles at
the

42021 Survey Asphalt Pavement Industry Survey Recycled Materials and Warm Mix Asphalt usage Published December 2022

Page 24, Figure 9: Comparison of Tons of RAS Accepted and Tons of RAS Used or Landfilled (Million Tons), 2009-2021. Processed RAS Acceptance First Tracked in
2015



2018 C& D Waste 

						C&D Debris Generation by Material and Activity, 2018 (in millions of tons) 								Next Use 

		Material 		Waste During Construction 		TOTAL C&D Debris		Landfilled during Construction and Demolition 		*Total C&D Next Use		Percentage Recycled				Compost and Mulch		Manufactured Products		Aggregate Other		Fuel 		Soil Amendment 		Total Next Use		Landfilled

		Concrete		24.2		381		71.2		334.0		82%		Concrete		0		32.8		301.2		0		0		334		71.2

		Asphalt Concrete 		0		107		4.9		102.1		95%		Asphalt Concrete 		0		91.8		10.3		0		0		102.1		4.9

		Wood Products		3.4		37.4		29.6		11.2		27%		Wood Products		2.5		1.2		0		7.5		0		11.2		29.6

		Drywall and Plasters		3.9		11.3		13.1		2.1		14%		Drywall and Plasters		0		0.2		0		0		1.9		2.1		13.1

		Asphalt Shingles		1.2		13.9		14.0		1.1		7%		Asphalt Shingles		0		1.1		0.1		0.02		0		1.22		14.0

		Brick and Clay Tile		0.3		12		10.8		1.5		12%		Brick and Clay Tile		0		0		1.5		0		0		1.5		10.8

		Metal		0		4.7		1.1		3.6		77%		Metal		0		3.6		0		0		0		3.6		1.1

		TOTAL		33		567.3		144.7		455.6		76%		TOTAL		2.5		130.7		313.1		7.52		1.9		455.72		144.7

		*Compost and Mulch, Manufactured Products, Aggregates, Fuel and Soil Amendment







Waste During Construction 	Concrete	Asphalt Concrete 	Wood Products	Drywall and Plasters	Asphalt Shingles	Brick and Clay Tile	Metal	TOTAL C	&	D Debris	Concrete	Asphalt Concrete 	Wood Products	Drywall and Plasters	Asphalt Shingles	Brick and Clay Tile	Metal	Landfilled during Construction and Demolition 	[VALUE]

Concrete	Asphalt Concrete 	Wood Products	Drywall and Plasters	Asphalt Shingles	Brick and Clay Tile	Metal	71.199999999999989	4.9000000000000057	29.599999999999998	13.1	14	10.8	1.1000000000000001	*Total C	&	D Next Use	[VALUE]
[VALUE]

Concrete	Asphalt Concrete 	Wood Products	Drywall and Plasters	Asphalt Shingles	Brick and Clay Tile	Metal	334	102.1	11.2	2.1	1.1000000000000001	1.5	3.6	Percentage Recycled	

Concrete	Asphalt Concrete 	Wood Products	Drywall and Plasters	Asphalt Shingles	Brick and Clay Tile	Metal	0.82428430404738406	0.95420560747663541	0.27450980392156865	0.13815789473684212	7.2847682119205309E-2	0.12195121951219512	0.76595744680851063	






2018 MSW Waste Generation LBS

		Year		TOTAL MSW Generated (million tons)		USA Population in Millions		ANNUAL Per Capita Generation (lbs./per day/per capita)		ANNUAL Per Capita Generation (lbs.per Yr/per capita)

		1960		88.1		180.7		2.67		975

		1965		104.4		194.3		2.94		1,075

		1970		121.1		205.1		3.24		1,181

		1975		127.8		216		3.24		1,183

		1980		151.6		227.2		3.66		1,335

		1985		166.3		237.9		3.83		1,398

		1990		208.3		249.6		4.57		1,669

		1995		217.3		266.3		4.47		1,632

		2000		243.5		282.2		4.73		1,726

		2005		253.7		295.5		4.70		1,717

		2010		251.1		309.3		4.45		1,624

		2015		262.2		320.7		4.48		1,635

		2016		268.1		323.1		4.55		1,660

		2017		268.7		325.1		4.53		1,653

		2018		292.4		326.8		4.90		1,789

		Add Roofing Project 						19.70		7,189

		Add Roofing Project 								5,400

										7,189





Sheet10

		Year		Powder and Liquid Highlighted Patent Dates

		1980-09-26		Dravo - Solvent Extraction patent (liquid)

		1987-11-17		ASTEC - Paving Industry patent

		2001-10-01		First Shingle Recycling Recycling Forum

		2011-03-11		Harmon Micronized powder (RAS)

		2013-07-30		Zickell Micronized Powder (RAS) and Products

		2014-12-30		Crown Ironworks Solvent Extraction (liquid)

		2013-01-31		Horton powder (RAS)

		2015-10-13		Horton powder (Asphaltic limestone powder & granules)

		2016-09-13		Horton powder (Asphaltic limestone powder & granules)

		2017-05-17		Horton Asphaltic limestone powder densification

		2017-05-18		Horton Densification Patent

		2020-06-16		GAF Forming Asphalt Shingle Waste Powder (asphalt limestone powder to Pellets & granules)

		2020-06-30		GAF Forming Waste Powder Filled Coating  (asphalt limestone powder to filled Pellets & granules)

		2020-12-24		GAF Forming Asphalt Shingle Waste Powder (asphalt limestone powder to filled Pellets & granules)





2018 MSW Waste Generation 

		Year		New Construction 		US Replacement		US Roofing Sales in Sqs.  In Millions		TOTAL MSW Generated (million tons)		Total MSW recycled and composted (million tons)		Percent MSW recycled and Composted 		Per Capita Generation (lbs./per person/day		USA Population

		1960		30		106		136		88.1		5.60		6.4%		2.68		180.7		975.0968456004

		1965		31		112		143		104.4		6.50		6.2%		2.96		194.3		1074.6268656716

		1970		32		112		144		121.1		8.00		6.6%		3.25		205.1		1180.8873720137

		1975		34		120		154		127.8		9.30		7.3%		3.25		216		1183.3333333333

		1980		37		124		161		151.6		14.50		9.6%		3.66		227.2		1334.5070422535

		1985		39		134		173		166.3		16.70		10.0%		3.83		237.9		1398.0664144599

		1990		35		120		155		208.3		33.20		15.9%		4.57		249.6		1669.0705128205

		1995		26		103		129		217.3		55.80		25.7%		4.52		266.3		1631.9939917386

		2000		17		118		135		243.5		69.50		28.5%		4.74		282.2		1725.7264351524

		2005		11		109		120		253.7		79.80		31.5%		4.69		295.5		1717.089678511

		2010		11		97		108		251.1		85.40		34.0%		4.45		309.3		1623.666343356

		2015		11		111		122		262.2		91.00		34.7%		4.48		320.7		1635.1730589336

		2016		14		104		118		268.1		93.20		34.8%		4.55		323.1		1659.5481275147

		2017		17		94		111		268.7		94.00		35.0%		4.53		325.1		1653.0298369732

		2018		18		89		107		292.4		93.90		32.1%		4.9		326.8		1789.4736842105

										14888556.584



2018 MSW Waste Recycling Rates



New Construction 	1960	1965	1970	1975	1980	1985	1990	1995	2000	2005	2010	2015	2016	2017	2018	US Replacement	1960	1965	1970	1975	1980	1985	1990	1995	2000	2005	2010	2015	2016	2017	2018	US Roofing Sales in Sqs.  In Millions	1960	1965	1970	1975	1980	1985	1990	1995	2000	2005	2010	2015	2016	2017	2018	TOTAL MSW Generated (million tons)	1960	1965	1970	1975	1980	1985	1990	1995	2000	2005	2010	2015	2016	2017	2018	88.1	104.4	121.1	127.8	151.6	166.3	208.3	217.3	243.5	253.7	251.1	262.2	268.10000000000002	268.7	292.39999999999998	Total MSW recycled and composted (million tons)	

[VALUE]
[VALUE]

1960	1965	1970	1975	1980	1985	1990	1995	2000	2005	2010	2015	2016	2017	2018	5.6	6.5	8	9.3000000000000007	14.5	16.7	33.200000000000003	55.8	69.5	79.8	85.4	91	93.2	94	93.9	Percent MSW recycled and Composted 	[VALUE]
[VALUE]
[VALUE]


1960	1965	1970	1975	1980	1985	1990	1995	2000	2005	2010	2015	2016	2017	2018	6.3564131668558455E-2	6.2260536398467431E-2	6.6061106523534266E-2	7.2769953051643202E-2	9.5646437994722958E-2	0.100420926037282	0.15938550168026885	0.25678785089737688	0.28542094455852157	0.31454473787938508	0.34010354440461971	0.34706331045003813	0.34763148079074968	0.34983252698176409	0.32113543091655272	






Offsite Facility

				ASR Recycled Program Savings		$   1,538,750		Over 10 years		$   1,538,750

				Enter Assumptions in Yellow 

				Number of facilites		1

				Raw Material and Disposal 				Per Ton Spend		%

				Annual Disposal Tons 		7,500		$   45.00

				Granules				$   60.00

				Asphalt				$   500.00		33%

				Calcium Carbonate				$   40.00		67%

				Filled Coating (Asphaltic Limestone)				$   191.80



				Recycling Value

				Raw Material and Disposal 		tons		Per Ton Spend		Total Value

				Recycled Granules		1,875		$   60		$   112,500.00

				Filled Coating		5,625		$   191.80		$   1,078,875.00										80,000,000		40000

				Waste Disposal		7,500		$   - 0		$   - 0

				Recycling Value						$   1,191,375



				ASR Raw Materials harvested from Factory Scraps

						Tons		Per Ton Spend		Total Value

				Recycling Value						$   1,191,375.00

				Processing Cost (incl. licensing)		7,500		$   45.00		$   337,500.00

				CapEX ($2.0M over 10 yrs.)						$   200,000.00

				Fixed Costs (rent)						$   125,000.00

				Freight and Material Handling		7,500		$   50.00		$   375,000.00

				OpEx (in processing Cost)						$   - 0

				Recycled Program Net Income						$   153,875

				ROI						13.00

				Granule Sales		15000		60		900000

				Granule Sales Processing Cost 				20		300000

				Granule Sales Shipping				30		450000

										$   150,000.00







Recycling Value

				ASR Recycled Program Savings		$   8,913,750		Over 10 years		$   8,913,750

				Enter Assumptions in Yellow 

				Number of facilites		1

				Raw Material and Disposal 				Per Ton Spend		%

				Annual Disposal Tons 		7,500		$   45.00

				Granules				$   60.00

				Asphalt				$   500.00		33%

				Calcium Carbonate				$   40.00		67%

				Filled Coating (Asphaltic Limestone)				$   191.80



				Recycling Value

				Raw Material and Disposal 		tons		Per Ton Spend		Total Value

				Recycled Granules		1,875		$   60		$   112,500.00

				Filled Coating		5,625		$   191.80		$   1,078,875.00										80,000,000		40000

				Waste Disposal		7,500		$   45.00		$   337,500.00

				Recycling Value				$   204		$   1,528,875



				ASR Raw Materials harvested from Factory Scraps

						Tons		Per Ton Spend		Total Value

				Recycling Value						$   1,528,875.00

				Processing Cost (incl. licensing)		7,500		$   45.00		$   337,500.00

				CapEX ($3.0M over 10 yrs.)						$   300,000.00

				Fixed Costs (rent)						$   - 0

				OpEx (in processing Cost)						$   - 0

				Recycled Program Net Income						$   891,375

				ROI						3.37







Sheet5

		#		EQUIPMENT		SUPPLIER		COST		ASR Sell Price		FREIGHT

		1		Steel platforms and walkways		Allegheny Manufacturing		$   77,000		$   84,700		$   15,000

		2		GL40180  Two Shaft Shredder 		3E Machinery Waste Solutions		$   113,000		$   124,300		$   10,000

		CV-01		Conveyor 36" X 39' 10' lift		NorthStar		$   16,410		$   18,051		$   2,000

		3		Hammermill/slow speed with infeed and discharge chutes, stand and 200HP soft start motor		Pulva Corporation		$   82,450		$   90,695		$   4,000

		CV-02		18" X 51' 17' lift to Rotex Screen		NorthStar		$   18,970		$   20,867		$   2,000

		4		Primary Screen		Rotex Global		$   70,042		$   77,046		$   2,500		$   81,586

		4		Primary Screen Options, abrasion linings, aspiration, cable mount 		Rotex Global		$   11,544		$   12,698		$   - 0

		5		Granule and Overs Accumulation Hoppers  - 8 ea. 3/16" steel, 75"L X 63"W, 59"H (Tenaquip L63 5/8" X 67" X 55 5/8") Forklift ready		Bakers Waste Equipment		$   13,562		$   14,918		$   3,200

		CV-03		To Thermal Conveyor 18" X 48' 13' lift		NorthStar		$   16,840		$   18,524		$   2,000

		6		Thermal Screw Conveyor, Pulva 24" X 14'		Pulva Corporation		$   225,000		$   247,500		$   5,000

		7		High Speed Knife Chilled Pulverizer with infeed and discharge chutes, stand and 200HP soft start motor		Pulva Corporation		$   82,450		$   90,695		$   4,000

		CV-04		To HF Screen 18" X 63' 21' lift		NorthStar		$   21,935		$   24,129		$   3,500

		8		Liwell High Frequency (HF) screen 		Hein, Lehmann		$   135,337		$   148,871		$   10,000

		8		Liwell High Frequency (HF) screen Machine cover, standard design, consisting of a rectangular pipe construction with incorporated rubber coated steel plates side sealing by means of rubber aprons and supports for final assembly on site.		Hein, Lehmann		$   10,263		$   11,289		$   - 0				$   145,600

		CV-05		 To Powder Accumulation Hopper 18" X 44' 13' lift and filter		NorthStar		$   16,550		$   18,205		$   2,000

		9		Air Products Tank, Concrete pad and LN2 lines		Air Products		$   55,000		$   60,500		$   - 0

		10		Air handling from different collection points		Allegheny Manufacturing		$   80,000		$   88,000		$   5,000

		11		Filtering and Blending System		Euroline		$   225,000		$   247,500		$   15,000

		12		Pumps and Feed Lines				$   100,000		$   110,000

		13		Blending Tank				$   100,000		$   110,000

								$   1,471,353		$   1,618,488		$   49,700

		14		Flatwork						$   100,000

		15		Structure						$   300,000

		16		Electrical						$   100,000

				Installation						$   550,000

				Engineering						$   250,000

										$   2,918,488

								Shipping		$   49,700

										$   2,968,188







Sheet2

				Recycled Asphalt Shingle Beneficial Use 

				TIMELINE























				PROJECT DETAILS

				DATE		MILESTONE		POSITION		BASELINE		Position Adjusted		Date adjusted		Milestone adjusted

				9/26/80		Dravo - Solvent Extraction patent		10		0		10		9/26/80		Dravo - Solvent Extraction patent

				11/17/87		ASTEC - Paving Industry patent		15		0		15		11/17/87		ASTEC - Paving Industry patent

				10/1/01		First Shingle Recycling Recycling Forum		-15		0		-15		10/1/01		Asphalt Paving Industry Acceptance

				3/11/11		Harmon Micronized powder		5		0		5		3/11/11		Harmon

				7/30/13		Zickell Micronized Powder and Products		10		0		10		7/30/13		Zickell

				7/14/14		Crown Ironworks Solvent Extraction		15		0		15		7/14/14		Crown 

				12/16/16		Horton Processing, Manufacturing & Products		22		0		22		12/16/16		GAF, CertainTeed, OC, Horton 

				5/4/17		Roof Waste to Energy		-15		0		-15		7/30/17		Factory Waste to Shingle







POSITION	Misc. Mfr, Horton

Post Consumer Shingle to Shingle?

Dravo - Solvent Extraction patent	ASTEC - Paving Industry patent	Asphalt Paving Industry Acceptance	Harmon	Zickell	Crown 	GAF, CertainTeed, OC, Horton 	Factory Waste to Shingle	Roof Waste to Energy	WTE Roofing Plants	AC Products	Post Consumer Waste to Shingles	10	15	-15	5	10	15	22	-15	10	-25	-15	-25	DATE	29490	32098	37165	40613	41485	41834	42720	42946	43311	43466	43832	44562	0	0	0	0	0	0	0	0	0	0	0	0	

Project Timeline Tips:

The role of the Position values in the Project Details table is to prevent the Milestone labels from overlapping each other on the timeline. Use positive numbers to position labels above the timeline and negative numbers to position them below.

To add additional Milestones, either insert new rows within the table or start typing below the last table entry and the table will automatically expand to accommodate your newly added data. 



Sheet6

		Timeline		Values		Forecast		Lower Confidence Bound		Upper Confidence Bound		Column1

		2010		43.3

		2011		43.5

		2012		45.9

		2013		46.8

		2014		47.6

		2015		48.1

		2016		48.8

		2017		50.6		50.6		50.60		50.60

		2018				51.3944024028		50.49		52.30

		2019				52.406178278		51.50		53.31

		2020				53.4179541532		52.51		54.33

		2021				54.4297300283		53.52		55.34

		2022				55.4415059035		54.53		56.35

		2023				56.4532817787		55.55		57.36

		2024				57.4650576539		56.56		58.37

		2025				58.476833529		57.57		59.38

		2026				59.4886094042		58.58		60.40

		2027				60.5003852794		59.59		61.41

		2028				61.5121611546		60.60		62.42		1.1977053716

		2029				62.5239370297		61.62		63.43

		2030				63.5357129049		62.63		64.44

		2031				64.5474887801		63.64		65.46

		2032				65.5592646552		64.65		66.47

		2033				66.5710405304		65.66		67.48

								1.30



Values	43.3	43.5	45.9	46.8	47.6	48.1	48.8	50.6	Forecast	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	50.6	51.394402402812133	52.406178277986214	53.417954153160288	54.429730028334362	55.441505903508435	56.453281778682516	57.46505765385659	58.476833529030664	59.488609404204738	60.500385279378818	61.512161154552892	62.523937029726966	63.535712904901047	64.547488780075128	65.559264655249194	66.571040530423275	Lower Confidence Bound	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	50.6	50.486425825071358	51.498197614360031	52.509966225783224	53.521730751462876	54.533490283614206	55.54524391459109	56.556990736940477	57.568729843465931	58.580460327300052	59.592181281986065	60.603891801568196	61.615590980691167	62.627277914708444	63.638951699799357	64.65061143309498	65.662256212812736	Upper Confidence Bound	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	50.6	52.302378980552909	53.314158941612398	54.325942080537352	55.337729305205848	56.349521523402665	57.361319642773942	58.373124570772703	59.384937214595396	60.396758481109423	61.408589276771572	62.420430507537588	63.432283078762765	64.44414789509365	65.456025860350891	66.467917877403409	67.479824848033815	









Sheet7

		Timeline		Values		Forecast		Lower Confidence Bound		Upper Confidence Bound

		2010		$   489,700,000

		2011		$   493,957,500

		2012		$   518,243,827

		2013		$   529,057,155

		2014		$   539,047,525

		2015		$   546,356,393

		2016		$   555,579,553

		2017		$   575,133,027		$   575,133,027		$   575,133,027		$   575,133,027

		2018				$   584,957,188		$   576,726,263		$   593,188,113

		2019				$   596,863,609		$   588,632,647		$   605,094,571

		2020				$   608,770,031		$   600,539,003		$   617,001,059

		2021				$   620,676,452		$   612,445,321		$   628,907,583

		2022				$   632,582,873		$   624,351,594		$   640,814,152

		2023				$   644,489,294		$   636,257,814		$   652,720,775

		2024				$   656,395,716		$   648,163,972		$   664,627,460

		2025				$   668,302,137		$   660,070,060		$   676,534,214

		2026				$   680,208,558		$   671,976,069		$   688,441,047

		2027				$   692,114,980		$   683,881,993		$   700,347,966

		2028				$   704,021,401		$   695,787,822		$   712,254,980



Values	489700000	493957499.99999988	518243827.49999976	529057155.14999968	539047524.5302496	546356392.79197729	555579553.06511772	575133027.06088328	Forecast	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	575133027.06088328	584957188.00837624	596863609.30276453	608770030.59715295	620676451.89154124	632582873.18592966	644489294.48031795	656395715.77470636	668302137.06909466	680208558.36348307	692114979.65787137	704021400.95225978	Lower Confidence Bound	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	575133027.06088328	576726262.85396504	588632647.10927343	600539002.55682039	612445320.96657324	624351594.10934603	636257813.7572087	648163971.68398237	660070059.66581368	671976069.4818325	683881992.91489065	695787821.75238216	Upper Confidence Bound	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	575133027.06088328	593188113.16278744	605094571.49625564	617001058.6374855	628907582.81650925	640814152.26251328	652720775.2034272	664627459.86543036	676534214.47237563	688441047.24513364	700347966.40085208	712254980.1521374	









Landfill Rates

		The Average Price to Landfill a Ton of MSW by Region and Year																																						0.50%		Landfill		Hauling						State		Region		Disposal Fee

				2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020*		2021*		AAGR		Prediction 2028				2010		$   43.30		$   489,700,000		9,000,000		$   389,700,000		100,000,000						Illinois		Midwest		$   51.71

		Northeast		$69.00		$69.30		$72.90		$74.90		$76.10		$77.00		$77.80		$74.75		$75.92		$77.10		$68.69		$69.71		1.48%		$87.38				2011		$   43.50		$   493,957,500		9,045,000		$   393,457,500		100,500,000						Indiana		Midwest		$   36.27

		Southeast		$38.10		$38.20		$39.30		$39.80		$40.20		$40.40		$40.90		$40.36		$40.87		$41.37		$46.26		$46.81		1.19%		$47.18				2012		$   45.90		$   518,243,827		9,090,225		$   417,241,327		101,002,500						Iowa		Midwest		$   47.07

		Midwest		$44.00		$44.00		$45.90		$46.20		$47.20		$47.60		$48.40		$49.57		$50.63		$51.59		$47.85		$48.75		1.89%		$57.95				2013		$   46.80		$   529,057,155		9,135,676		$   427,549,643		101,507,512						Kansas		Midwest		$   42.79

		Western		$30.30		$30.40		$33.30		$34.00		$34.40		$34.40		$34.80		$35.69		$36.58		$37.47		$47.83		$48.92		2.28%		$41.72				2014		$   47.60		$   539,047,525		9,181,355		$   437,032,474		102,015,050						Michigan		Midwest		$   42.77

		Pacific		$50.50		$51.80		$54.00		$55.30		$56.70		$56.80		$57.20		$59.18		$60.84		$62.50		$72.03		$73.89		2.58%		$69.18				2015		$   48.10		$   546,356,393		9,227,261		$   443,831,267		102,525,125						Minnesota		Midwest		$   57.78

		South Central																		$36.58		$37.47		$39.66		$40.56		2.28%		$0.00																				Missouri		Midwest		$   67.91

		Entire US		$43.30		$43.50		$45.90		$46.80		$47.60		$48.10		$48.80		$50.60		$51.19		$52.06		$53.72		$54.77		1.92%		$59.15				2016		$   48.80		$   555,579,553		9,273,398		$   452,541,802		103,037,751						Nebraska		Midwest		$   41.47

										Total increase since 2010								$7.30												16.9%				2017		$   50.60		$   575,133,027		9,319,765		$   471,580,087		103,552,940						Ohio		Midwest		$   45.39

		* Projected																																																Wisconsin		Midwest		$   61.00

		Source: Waste Business Journal, No End in Sight to US Landfill Cost Increases — Pacific Region to Experience Highest Growth, June 13, 2018																																																Colorado		Mountain/Plains		$   58.42

																								100		100		10,000																						Montana		Mountain/Plains		$   32.06

																																																		North Dakota		Mountain/Plains		$   48.00

																																																		South Dakota		Mountain/Plains		$   51.22

		Region		2017		2018*		2019*		2020*		2021*		AAGR		5-Year total increase										1.57%		6.43%																						Utah		Mountain/Plains		$   33.80

		Northeast		$74.75		$75.92		$77.10		$78.25		$79.28		1.48%		6.06%		0.074								Table 2: States Comprising the Regions in the Analysis																								Wyoming		Mountain/Plains		$   57.64

		Southeast		$40.36		$40.87		$41.37		$41.85		$42.32		1.19%		4.86%										Northeast								Midwest																Connecticut		Northeast		Not reported

		Midwest		$49.57		$50.63		$51.59		$52.55		$53.42		1.89%		7.77%										Connecticut		CT		New Jersey		NJ		Illinois		IL		Missouri		MO										Delaware		Northeast		$   85.00

		Western		$35.69		$36.58		$37.47		$38.27		$39.06		2.28%		9.45%										Delaware		DE		New York		NY		Indiana		IN		Nebraska		NE										Maryland		Northeast		$   66.73

		Pacific		$59.18		$60.84		$62.50		$64.07		$65.54		2.58%		10.73%										Maine		ME		Pennsylvania		PA		Iowa		IA		North Dakota		ND										Massachussetts		Northeast		Not reported

		Entire US		$50.30		$51.19		$52.06		$52.84		$53.53		1.57%		6.43%										Maryland		MD		Rhode Island		RI		Kansas		KS		Ohio		OH										New Hampshire		Northeast		$   74.34

																										Massachusetts		MA		Vermont		VT		Michigan		MI		South Dakota		SD										New Jersey		Northeast		$   78.80

		The average fee in the Pacific region was $72.03. This included Alaska ($142.33), Arizona ($44.89), California ($58.48), Hawaii ($114.33), Idaho ($59.02), Nevada ($39.90), Oregon ($71.53) and Washington ($95.99).																								New Hampshire		NH						Minnesota		MN		Wisconsin		WI										Pennslyvania		Northeast		$   73.45

		The average fee in the Northeast region was $68.69. This included Connecticut (no active landfills in state), Delaware ($85), Maine ($75.21), Maryland ($66.73), Massachusetts (not reported), New Hampshire ($74.34), New Jersey ($78.80), New York ($71.71), Pennsylvania ($73.45), Rhode Island ($115), Vermont ($101.95), Virginia ($53.43) and West Virginia ($54.66).																																																Rhode Island		Northeast		$   115.00

		The average fee in the Mountains/Plains region was $47.83. This included Colorado ($58.42), Montana ($32.06), North Dakota ($48), South Dakota ($51.22), Utah ($33.80) and Wyoming ($57.64).																								Southeast								Western																Vermont		Northeast		$   101.95

		The average fee in the Midwest region was $47.85. This included Illinois ($51.71), Indiana ($36.27), Iowa ($47.07), Kansas ($42.79), Michigan ($42.77), Minnesota ($57.78), Missouri ($67.91), Nebraska ($41.47), Ohio ($45.39) and Wisconsin ($61).																								Alabama		AL		Mississippi		MS		Arizona		AZ		New Mexico		NM										Virginia		Northeast		$   53.43

		The average fee in the Southeast region was $46.26. This included Alabama ($32.93), Florida ($56.51), Georgia ($47.88), Kentucky ($36.32), Mississippi ($30.36), North Carolina ($45.97), South Carolina ($45.91) and Tennessee ($51.53).																								Arkansas		AR		North Carolina		NC		Colorado		CO		Oklahoma		OK										West Virginia		Northeast		$   54.66

																										District of Columbia		DC		South Carolina		SC		Idaho		ID		Texas		TX										Alaska		Pacific		$   142.33

																										Florida		FL		Tennessee		TN		Montana		MT		Utah		UT										Arizona		Pacific		$   44.89

																										Georgia		GA		Virginia		VA		Nevada		NV		Wyoming		WY										California		Pacific		$   58.48

																										Kentucky		KY		West Virginia		WV																		Hawaii		Pacific		$   114.33

																										Louisiana		LA																						Idaho		Pacific		$   59.20

																																																		Nevada		Pacific		$   39.90

																										Pacific																								Oregon		Pacific		$   71.53

																										Alaska		AK		Oregon		OR																		Washington		Pacific		$   95.99

																										California		CA		Washington		WA																		Arkansas		South Central		$   30.53

																										Hawaii		HI																						Louisiana		South Central		$   37.53

																																																		New Mexico		South Central		$   38.20

																																																		Oklahoma		South Central		$   44.76

																																																		Texas		South Central		$   42.22

																																																		Alabama		Southeast		$   32.93

																																																		Florida		Southeast		$   56.51

																																																		Georgia		Southeast		$   47.88

																																																		Kentucky		Southeast		$   36.32

																																																		Mississippi		Southeast		$   30.36

																																																		North Carolina		Southeast		$   45.97

																																																		South Carolina		Southeast		$   45.91

																																																		Tennessee		Southeast		$   51.53

																																																		District of Columbia





Landfill Rates EState_x0009_Region_x0009_ D

		State		Region		Disposal Fee

		Illinois		Midwest		$   51.71

		Indiana		Midwest		$   36.27

		Iowa		Midwest		$   47.07

		Kansas		Midwest		$   42.79

		Michigan		Midwest		$   42.77

		Minnesota		Midwest		$   57.78

		Missouri		Midwest		$   67.91

		Nebraska		Midwest		$   41.47

		Ohio		Midwest		$   45.39

		Wisconsin		Midwest		$   61.00

		AVERAGE		Midwest		$   49.42

		Colorado		Mountain/Plains		$   58.42

		Montana		Mountain/Plains		$   32.06

		North Dakota		Mountain/Plains		$   48.00

		South Dakota		Mountain/Plains		$   51.22

		Utah		Mountain/Plains		$   33.80

		Wyoming		Mountain/Plains		$   57.64

		AVERAGE		Mountain/Plains		$   46.86

		Connecticut		Northeast		Not reported

		Delaware		Northeast		$   85.00

		Maryland		Northeast		$   66.73

		Massachussetts		Northeast		Not reported

		New Hampshire		Northeast		$   74.34

		New Jersey		Northeast		$   78.80

		Pennslyvania		Northeast		$   73.45

		Rhode Island		Northeast		$   115.00

		Vermont		Northeast		$   101.95

		Virginia		Northeast		$   53.43

		West Virginia		Northeast		$   54.66

		AVERAGE		Northeast		$   78.15

		Alaska		Pacific		$   142.33

		Arizona		Pacific		$   44.89

		California		Pacific		$   58.48

		Hawaii		Pacific		$   114.33

		Idaho		Pacific		$   59.20

		Nevada		Pacific		$   39.90

		Oregon		Pacific		$   71.53

		Washington		Pacific		$   95.99

		AVERAGE		Pacific		$   78.33

		Arkansas		South Central		$   30.53

		Louisiana		South Central		$   37.53

		New Mexico		South Central		$   38.20

		Oklahoma		South Central		$   44.76

		Texas		South Central		$   42.22

		AVERAGE		South Central		$   38.65

		Alabama		Southeast		$   32.93

		Florida		Southeast		$   56.51

		Georgia		Southeast		$   47.88

		Kentucky		Southeast		$   36.32

		Mississippi		Southeast		$   30.36

		North Carolina		Southeast		$   45.97

		South Carolina		Southeast		$   45.91

		Tennessee		Southeast		$   51.53

		AVERAGE		Southeast		$   43.43

		National Average				$61.39

		Source: Environmental Research & Education Foundation (EREF) Analysis of MSW Landfill Tipping Fees: 2020, January 29, 2021





Roofing Manufacturers Savings

		Roofing Manufacturer		# of Plants		Production per plant (sqs.)		Market Share		Waste		Recycling Value 		10 Year Recycling Initiative Value		Bolt-On Facilites		10 Year        Program Savings

										3.0%		$   203.85		10		$   85.00		10

		GAF		16		48,000,000		29%		162,000		$   33,023,700		$   330,237,000		13,770,000		$   192,537,000

		Owens Corning		16		32,000,000		19%		108,000		$   22,015,800		$   220,158,000		9,180,000		$   128,358,000

		CertainTeed		14		28,000,000		17%		94,500		$   19,263,825		$   192,638,250		8,032,500		$   112,313,250

		IKO		11		22,000,000		13%		79,200		$   16,144,920		$   161,449,200		6,732,000		$   94,129,200

		TAMKO		7		14,000,000		8%		47,250		$   9,631,913		$   96,319,125		4,016,250		$   56,156,625

		ATLAS		6		12,000,000		7%		40,500		$   8,255,925		$   82,559,250		3,442,500		$   48,134,250

		Building Products of Canada		2		4,000,000		2%		13,500		$   2,751,975		$   27,519,750		1,147,500		$   16,044,750

		Malarkey		2		4,000,000		2%		13,500		$   2,751,975		$   27,519,750		1,147,500		$   16,044,750

		Pabco		1		2,000,000		1%		6,750		$   1,375,988		$   13,759,875		573,750		$   8,022,375

				75		166,000,000		100%		560,250		$   114,206,963		$   1,152,160,200		$   48,042,000		$   671,740,200





NAPA 2009 thru 2019

		Reported RAS Use by Hot Mix Asphalt Producers										PG64-22 Asphalt per ton				Savings

		Year		Tons		Inc. (Dec)		Savings               (assumes ~21% AC)		Per Ton (assumes 21% AC)

		2009		702,000				$   68,936,400		$   98.20		$   466		21.1%		68,936,400

		2010		1,100,000		57%		$   108,020,000		$   98.20		$   466		21.1%		108,020,000

		2011		1,192,000		8%		$   148,761,600		$   124.80		$   599		20.8%		148,761,600

		2012		1,863,000		56%		$   218,343,600		$   117.20		$   561		20.9%		218,343,600

		2013		1,647,000		-12%		$   195,334,200		$   118.60		$   568		20.9%		195,334,200

		2014		1,964,000		19%		$   243,143,200		$   123.80		$   594		20.8%		243,143,200

		2015		1,931,000		-2%		$   195,000,000		$   100.98		$   408		24.8%		195,000,000

		2016		1,399,000		-28%		$   103,000,000		$   73.62		$   321		22.9%		103,000,000

		2017		980,000		-30%		$   79,000,000		$   80.61		$   384		21.0%		79,000,000

		2018		1,103,000		13%		$   107,000,000		$   97.01		$   508		19.1%		107,000,000

		2019		939,000		-15%		$   103,000,000		$   109.69		$   522		21.0%		103,000,000		521.83

		2020		1,000,000		6%		$   100,000,000		$   100.00		$   477		21.0%		100,000,000		490.00

		2021

		*2022 Estimated		1,000,000		0%		$   87,500,000		$   87.50		$   418		20.9%		87,500,000		490.00

				16,820,000				$   1,757,039,000		$   92.38		$   484				1,757,039,000

		Decrease since 2014		52%

		Source: 2009-19 NAPA Asphalt Pavement Industry Survey Recycled Materials and Warm Mix 														transition hold down

				$55.36 average landfill fee costs in 2019

				33,640,000		cu yds

				3,364,000.0		3364000





ARMA NAPA Sales Stats 

		Year		New Construction 		US Replacement		US Roofing Sales in Sqs.  In Millions		Post Consumer Waste 		Recycled to Paving in 1,000,000's		Recycled Rate		Asphalt Annual Peak Price 

		2007														$   399

		2008														$   910

		2009		11		109		120		11.99		0.70		5.9%		$   788

		2010		11		97		108		10.67		1.10		10.3%		$   550

		2011		11		111		122		12.21		1.19		9.8%		$   684

		2012		14		104		118		11.44		1.86		16.3%		$   665

		2013		17		94		111		10.34		1.65		15.9%		$   630

		2014		18		89		107		9.79		1.96		20.1%		$   640

		2015		19		93		112		10.23		1.93		18.9%		$   585

		2016		20		113		133		12.43		1.40		11.3%		$   395

		2017		21		123		144		13.53		0.98		7.2%		$   420

		2018		22		114		136		12.54		1.10		8.8%		$   550

		2019		22		117		139		12.87		0.94		7.3%		$   548

		2020		24		127		151		13.97		0.59		4.2%		$   553

		2021								14.87		0.63		4.2%		$   625

		PROJ 2022										0.68				$   800

		PROJ 2023										0.75				$   665

		2023

		2024

										14888556.584



Remodeling and New Construction Roofing Sales 



New Construction 	

2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	US Replacement	

2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	US Roofing Sales in Sqs.  In Millions	

2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	







New Construction 	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	US Replacement	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	US Roofing Sales in Sqs.  In Millions	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	Post Consumer Waste 	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	Recycled to Paving in 1,000,000's	

2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	0.70199999999999996	1.1000000000000001	1.1919999999999999	1.863	1.647	1.964	1.931	1.399	0.98	1.103	0.93899999999999995	0.58599999999999997	0.63	Recycled Rate	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	









Historical Asphalt Pricing 

Compared to National Asphalt Paving Association 

Reported use of RAS by Hot Mix Asphalt (HMA) Producers



New Construction 	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	PROJ 2022	PROJ 2023	US Replacement	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	PROJ 2022	PROJ 2023	US Roofing Sales in Sqs.  In Millions	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	PROJ 2022	PROJ 2023	Post Consumer Waste 	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	PROJ 2022	PROJ 2023	Recycled to Paving in 1,000,000's	[VALUE]



[VALUE]
[VALUE]


2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	PROJ 2022	PROJ 2023	0.70199999999999996	1.1000000000000001	1.1919999999999999	1.863	1.647	1.964	1.931	1.399	0.98	1.103	0.93899999999999995	0.58599999999999997	0.63	0.68	0.75	Recycled Rate	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	PROJ 2022	PROJ 2023	Asphalt Annual Peak Price 	[VALUE]



[VALUE]


2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	PROJ 2022	398.75	910	787.5	550	684.08	665	630	640	585	395	420	550	547.5	552.5	625	800	665	






NAPA Source of Waste and UseRAS

		<3/8" Recycled Asphalt Shingles (RAS)		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023

		Processed RAS Accepted at the HMA Plant		-		-		-		-		-		-		0.842		0.846		0.311		0.430		0.423		0.278		0.385

		Post-Consumer Asphalt Shingles		-		-		-		-		-		-		-		-		0.591		0.534		0.277		0.277		0.230

		Manufacturer's Waste Asphalt Shingles		-		-		-		-		-		-		-		-		0.344		0.356		0.334		0.237		0.165

		Unprocessed Shingles accepted at the HMA Plant		0.957		1.851		2.500		1.724		1.599		1.684		1.129		1.027		-		-		-		-		-

		Used in Other		0.123		0.125		-		0.012		0.005		0.006		-		-		-		-		-		0.055		-

		Used in Cold Mix		-		-		-		-		-		-		-		-		-		-		-		-		-

		Used in Aggregate		0.006		0.003		0.074		0.073		0.082		0.043		0.009		0.009		0.036		0.050		0.018		-		0.003

		Used in HMA/WMA		0.702		1.100		1.192		1.863		1.647		1.964		1.931		1.390		0.944		1.053		0.921		0.586		0.630





ARMA Sales Stats

		Year		New Construction 		US Replacement		US Roofing Sales 		Raw materials		Post Consumer Waste 		Recycled to Paving		Recycled Rate

		2000		30		106		136				11.66

		2001		31		112		143				12.32

		2002		32		112		144				12.32

		2003		34		120		154				13.2

		2004		37		124		161				13.64

		2005		39		134		173				14.74

		2006		35		120		155				13.2

		2007		26		103		129				11.33

		2008		17		118		135				12.98

		2009		11		109		120				11.99		0.702		5.9%

		2010		11		97		108				10.67		1.1		10.3%

		2011		11		111		122				12.21		1.192		9.8%

		2012		14		104		118				11.44		1.863		16.3%

		2013		17		94		111				10.34		1.647		15.9%

		2014		18		89		107				9.79		1.964		20.1%

		2015		19		93		112				10.23		1.931		18.9%

		2016		20		113		133				12.43		1.399		11.3%

		2017		21		123		144				13.53		0.98		7.2%

		2018		22		114		136				12.54		1.103		8.8%

		2019		22		117		139				12.87		0.939		7.3%

		2020		24		127		151				13.97		0.586		4.2%

		2021		34		135		169				14.872		0.63		4.2%

		2022		31.4		125.6		157				13.816				0.0%

		Thru Sept 2023		26.2		104.8		131				11.528																																																																								9.465648855

		2024

																																																																																				27.6

										17.6625

								Asphalt		21%		3.709125		650		2410.93125

								Limestone		42%		7.41825		200		1483.65

								Fiberglass		2%		0.2649375		2000		529.875

								Back Surfacing Sand		3%		0.529875		75		39.740625

								Granules		32%		5.652		120		678.24

								Seal strip		0.50%		0.0883125		650		57.403125

										100%		1766%				5199.84

																5,199,840,000

																1039968000













																		134671837.626

																		161850967.506



Remodeling and New Construction Roofing Sales  



New Construction 	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	Thru Sept 2023	30	31	32	34	37	39	35	26	17	11	11	11	14	17	18	19	20	21	22	22	24	33.799999999999983	31.399999999999991	26.199999999999989	US Replacement	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	Thru Sept 2023	106	112	112	120	124	134	120	103	118	109	97	111	104	94	89	93	113	123	114	117	127	135.20000000000002	125.60000000000001	104.80000000000001	US Roofing Sales 	[VALUE]

2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	Thru Sept 2023	136	143	144	154	161	173	155	129	135	120	108	122	118	111	107	112	133	144	136	139	151	169	157	131	
Squares in Millions 






ARMA Sales Stats (2)

		Year		New Construction 		US Replacement		US Roofing Sales in Sqs.  In Millions		Post Consumer Waste 		Recycled to Paving		Recycled Rate

		2000		30		106		136		11.66

		2001		31		112		143		12.32

		2002		32		112		144		12.32

		2003		34		120		154		13.2

		2004		37		124		161		13.64

		2005		39		134		173		14.74

		2006		35		120		155		13.2

		2007		26		103		129		11.33

		2008		17		118		135		12.98

		2009		11		109		120		11.99		0.702		5.9%

		2010		11		97		108		10.67		1.1		10.3%

		2011		11		111		122		12.21		1.192		9.8%

		2012		14		104		118		11.44		1.863		16.3%

		2013		17		94		111		10.34		1.647		15.9%

		2014		18		89		107		9.79		1.964		20.1%

		2015		19		93		112		10.23		1.931		18.9%

		2016		20		113		133		12.43		1.399		11.3%

		2017		21		123		144		13.53		0.98		7.2%

		2018		22		114		136		12.54		1.103		8.8%

		2019		22		117		139		12.87		0.939		7.3%

		2020		24		127		151		13.97		1		7.2%

		2021								14.87		1		6.7%

		PROJ 2022								14.852		0.7		4.7%

		2023

		2024

										14888556.584



Remodeling and New Construction Roofing Sales 



New Construction 	

2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	US Replacement	

2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	US Roofing Sales in Sqs.  In Millions	

2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	







Estimated Annual Roofing Waste 

Calculated from ARMA Sales Statistics  



New Construction 	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	PROJ 2022	US Replacement	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	PROJ 2022	US Roofing Sales in Sqs.  In Millions	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	PROJ 2022	Post Consumer Waste 	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	PROJ 2022	11.66	12.32	12.32	13.2	13.64	14.74	13.2	11.33	12.98	11.99	10.67	12.21	11.44	10.34	9.7899999999999991	10.23	12.43	13.53	12.54	12.87	13.97	14.87	14.851999999999999	Recycled to Paving	[VALUE]
[VALUE]
[VALUE]

2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	PROJ 2022	0.70199999999999996	1.1000000000000001	1.1919999999999999	1.863	1.647	1.964	1.931	1.399	0.98	1.103	0.93899999999999995	1	1	0.7	Recycled Rate	[VALUE]
[VALUE]
[VALUE]

2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	PROJ 2022	5.8548790658882396E-2	0.10309278350515465	9.7624897624897608E-2	0.16284965034965035	0.15928433268858802	0.20061287027579164	0.1887585532746823	0.11255028157683025	7.2431633407243165E-2	8.7958532695374805E-2	7.2960372960372957E-2	7.1581961345740866E-2	6.7249495628782782E-2	4.7131699434419611E-2	
Tons in Millions


Recycle Rate






ARMA Stats Recycled Content Raw

				Asphalt Roofing Sales in Sqs. 		Metal & Natural Products (i.e. Cedar shingle, Cedar Shake and Cement Tile) 21.5% Market Share		Composite Shingles (I.e. Davinci, EcoStar, Plygem) 1/2% Market Share		Composite, Metal and Wood 3% Alternative Market Share                       + 1% Asphalt Upgrade

		Ontario		6,500,000		1,791,667		41,667		120,000

		Quebec		4,200,000		1,157,692		26,923		77,538

		Western Canada		3,800,000		1,047,436		24,359		70,154

		Midwest		20,000,000		5,512,821		128,205		369,231

		Southwest		16,000,000		4,410,256		102,564		295,385

		Northwest		14,000,000		3,858,974		89,744		258,462

		South Central		22,000,000		6,064,103		141,026		406,154

		MidAtlantic		20,000,000		5,512,821		128,205		369,231

		Northeast		20,000,000		5,512,821		128,205		369,231

		Southeast 		31,000,000		8,544,872		198,718		572,308

		TOTAL		157,500,000		43,413,462		1,009,615		2,907,692

		USA Population 2018		326,766,748

		Canada Population 2018		37,058,856

		Sqs. Per Capita		0.43

		Shingle Waste in sqs. per Capita (80% reroof)		0.32

		Lbs. per Capita		71.43

		Tons of Waste		12,993,750.00

		Manufacturers Waste		346,500.00

		MANUFACTURER Raw Material Analysis

		Tons of Shingles Produced		17,325,000

		Material		%		Tons		Recyclate Opportunity

		Granules		36%		6,237,000		1,247,400.0

		Back Surfacing		3%		519,750

		Self Seal		1%		173,250

		Fiberglass Mat		2%		346,500

		Asphalt 		22%		3,811,500		381,150.0

		Limestone		36%		6,237,000





Asphalt Shingle Raw Material

		Post Industrial Asphalt Shingle Raw Materials				Recipe		Roof Mfr. Raw Material Budget in Tons		Recycled Asphalt		Gardner Gibson Sales in Tons		Revenue		TOTAL

		Material		%		Filler Blend		450,000		10%

		Granules		36%				162,000		162,000

		Back Surfacing		3%				13,500		13,500

		Self Seal		1%				4,500		4,500

		Fiberglass Mat		2%				9,000		9,000

		Asphalt 		22%		37.9%		99,000		79,200

		Limestone		36%		62.1%		162,000		146,050

		Recycled Asphalt								9,900		9,900		$   275		$   2,722,500

		Recycled Calcium Carbonate								15,950		15,950		$   25		$   398,750

		Virgin Flux								9,900		9,900		$   500		$   4,950,000

		Waste

								450,000		450,000		35,750				$   8,071,250



		Asphaltic Limestone Powder

		Material				Filler Blend Post Recycle						 gradation distribution (97-100% <35mesh, 72-95% <100mesh, 66-89% <150mesh)

		Granules, Back Surfacing, + Glass Mat		0		8.2%

		Asphalt + Seal		0		-3.1%

		Limestone		40		-5.1%

						0%





Asphalt Shingle Raw Materials 



%	[CATEGORY NAME]

Granules	Back Surfacing	Self Seal	Fiberglass Mat	Asphalt 	Limestone	0.36	0.03	0.01	0.02	0.22	0.36	
Asphaltic Limestone Powder

Granules, Back Surfacing, + Glass Mat	Asphalt + Seal	Limestone	0.41000000000000003	0.23	40	Filler Blend Post Recycle	
Granules, Back Surfacing, + Glass Mat	Asphalt + Seal	Limestone	8.2000000000000017E-2	-3.1103448275862079E-2	-5.0896551724137942E-2	



Marathoning

		EVENT

		OVERALL

		GENDER

		DIVISION

		PACE

		FINAL TIME

		2014

		Boston Marathon

		21-Apr-14

		Boston, MA, USA

		22180

		of 31809

		12967

		of 17525

		2327

		of 2916

		10:00

		min/mi

		4:22:04

		2012

		Cox Rhode Races

		5-May-12

		Providence, RI, USA

		631

		of 1357

		427

		of 818

		105

		of 217

		9:05

		min/mi

		3:58:05

		2011

		Boston Marathon 2011

		18-Apr-11

		Boston, MA, USA

		19824

		of 23886

		11829

		of 13812

		2307

		of 2556

		10:02

		min/mi

		4:23:12

		2010

		Philadelphia Marathon 2010

		21-Nov-10

		Philadelphia, PA, USA

		3612

		of 8955

		2560

		of 5193

		304

		of 591

		9:03

		min/mi

		3:57:25

		Amica Marathon & Relay

		17-Oct-10

		Newport, RI, USA

		373

		of 1011

		268

		of 565

		95

		of 197

		9:09

		min/mi

		4:00:08

		Newport Marathon and Half Marathon

		17-Oct-10

		Newport, RI, USA

		373

		of 1011

		268

		of 565

		95

		of 197

		9:09

		min/mi

		4:00:08

		Boston Marathon

		19-Apr-10

		Boston, MA, USA

		18253

		of 22543

		11058

		of 13073

		1856

		of 2114

		9:51

		min/mi

		4:18:29

		2007

		19Th Annual Keybank Vermont City Marathon 2007

		27-May-07

		Burlington, VT, USA

		1438

		of 2505

		994

		of 1483

		174

		of 249

		9:40

		min/mi

		4:13:34

		2006

		Philadelphia Marathon 2006

		19-Nov-06

		Philadelphia, PA, USA

		3665

		of 6198

		2671

		of 4001

		468

		of 632

		9:37

		min/mi

		4:12:05

		2003

		Lewis & Clark Marathon And Half Marathon

		21-Sep-03

		St. Charles, MO, USA

		245

		of 391

		168

		of 218

		31

		of 39

		10:53

		min/mi

		4:45:14

		2002

		Lasalle Bank Chicago Marathon 2002

		13-Oct-02

		Chicago, IL, USA

		16339

		of 31114

		11411

		of 18130

		2299

		of 3387

		9:54

		min/mi

		4:19:28

		2001

		Lasalle Bank Chicago Marathon 2001

		7-Oct-01

		Chicago, IL, USA

		12853

		of 28726

		9512

		of 17284

		1844

		of 3164

		9:33

		min/mi

		4:10:13

		2001 Kona Marathon, Half Marathon, 10K And 5K

		24-Jun-01

		Kona, HI, USA

		460

		of 981

		218

		of 337

		39

		of 53

		12:07

		min/mi

		5:17:59

		Sheraton Hyannis Marathon

		25-Feb-01

		Hyannis, MA, USA

		152

		of 184

		119

		of 141

		39

		of 44

		10:12

		min/mi

		4:27:25

		Disney World Half Marathon 2001

		7-Jan-01

		Orlando, FL, USA

		6816

		of 7901

		3748

		of 4006

		792

		of 818

		13:52

		min/mi

		6:03:33

		2000

		Spirit Of St. Louis Marathon 2000

		15-Oct-00

		St. Louis, MO, USA

		616

		of 952

		479

		of 685

		78

		of 113

		10:11

		min/mi

		4:27:02

		2000 Kunitake Farms Kona Marathon, 1/2 Marathon, and Family Fun Runs

		25-Jun-00

		Kona, HI, USA

		538

		of 839

		270

		of 353

		91

		of 114

		12:54

		min/mi

		5:38:23

		Maui Marathon 2000

		19-Mar-00

		Maui, HI, USA

		1279

		of 2081

		753

		of 994

		110

		of 139

		12:13

		min/mi

		5:20:16

		1999

		Casino Niagara International Marathon 1999

		24-Oct-99

		Niagara Falls, ON, CAN

		890

		of 1313

		651

		of 860

		76

		of 93

		10:10

		min/mi

		4:26:34

		Maui Marathon 1999

		21-Mar-99

		Maui, HI, USA

		485

		of 1713

		361

		of 883

		55

		of 123

		9:34

		min/mi

		4:10:54



https://www.athlinks.com/event/20238/results/Event/376385/Course/559845/Entry/245056884https://www.athlinks.com/event/20238/results/Event/376385/Course/559845/Entry/245056884https://www.athlinks.com/event/156909/results/Event/36020/Course/53906/Bib/6492https://www.athlinks.com/event/156909/results/Event/36020/Course/53906/Bib/6492https://www.athlinks.com/event/156909/results/Event/36020/Course/53906/Bib/6492https://www.athlinks.com/event/156909/results/Event/36020/Course/53906/Bib/6492https://www.athlinks.com/event/156909/results/Event/36020/Course/53906/Bib/6492https://www.athlinks.com/event/156909/results/Event/36020/Course/53906/Bib/6492https://www.athlinks.com/event/156909/results/Event/36020/Course/53906/Bib/6492https://www.athlinks.com/event/156909/results/Event/36020/Course/53906/Bib/6492https://www.athlinks.com/event/156909/results/Event/36020/Course/53906/Bib/6492https://www.athlinks.com/event/25056/results/Event/18788/Course/27897/Entry/13854345https://www.athlinks.com/event/20238/results/Event/376385/Course/559845/Entry/245056884https://www.athlinks.com/event/25056/results/Event/18788/Course/27897/Entry/13854345https://www.athlinks.com/event/25056/results/Event/18788/Course/27897/Entry/13854345https://www.athlinks.com/event/25056/results/Event/18788/Course/27897/Entry/13854345https://www.athlinks.com/event/25056/results/Event/18788/Course/27897/Entry/13854345https://www.athlinks.com/event/25056/results/Event/18788/Course/27897/Entry/13854345https://www.athlinks.com/event/25056/results/Event/18788/Course/27897/Entry/13854345https://www.athlinks.com/event/25056/results/Event/18788/Course/27897/Entry/13854345https://www.athlinks.com/event/25056/results/Event/18788/Course/27897/Entry/13854345https://www.athlinks.com/event/25056/results/Event/18788/Course/27897/Entry/13854345https://www.athlinks.com/event/25056/results/Event/18788/Course/27897/Entry/13854345https://www.athlinks.com/event/20238/results/Event/376385/Course/559845/Entry/245056884https://www.athlinks.com/event/25056/results/Event/18788/Course/27897/Entry/13854345https://www.athlinks.com/event/96107/results/Event/63495/Course/251388/Bib/13516https://www.athlinks.com/event/96107/results/Event/63495/Course/251388/Bib/13516https://www.athlinks.com/event/96107/results/Event/63495/Course/251388/Bib/13516https://www.athlinks.com/event/96107/results/Event/63495/Course/251388/Bib/13516https://www.athlinks.com/event/96107/results/Event/63495/Course/251388/Bib/13516https://www.athlinks.com/event/96107/results/Event/63495/Course/251388/Bib/13516https://www.athlinks.com/event/96107/results/Event/63495/Course/251388/Bib/13516https://www.athlinks.com/event/96107/results/Event/63495/Course/251388/Bib/13516https://www.athlinks.com/event/96107/results/Event/63495/Course/251388/Bib/13516https://www.athlinks.com/event/11333/results/Event/212812/Course/574260/Bib/622https://www.athlinks.com/event/96107/results/Event/63495/Course/251388/Bib/13516https://www.athlinks.com/event/96107/results/Event/63495/Course/251388/Bib/13516https://www.athlinks.com/event/96107/results/Event/63495/Course/251388/Bib/13516https://www.athlinks.com/event/96107/results/Event/119348/Course/20069/Bib/18810https://www.athlinks.com/event/96107/results/Event/119348/Course/20069/Bib/18810https://www.athlinks.com/event/96107/results/Event/119348/Course/20069/Bib/18810https://www.athlinks.com/event/96107/results/Event/119348/Course/20069/Bib/18810https://www.athlinks.com/event/96107/results/Event/119348/Course/20069/Bib/18810https://www.athlinks.com/event/96107/results/Event/119348/Course/20069/Bib/18810https://www.athlinks.com/event/96107/results/Event/119348/Course/20069/Bib/18810https://www.athlinks.com/event/11333/results/Event/212812/Course/574260/Bib/622https://www.athlinks.com/event/96107/results/Event/119348/Course/20069/Bib/18810https://www.athlinks.com/event/96107/results/Event/119348/Course/20069/Bib/18810https://www.athlinks.com/event/96107/results/Event/119348/Course/20069/Bib/18810https://www.athlinks.com/event/96107/results/Event/119348/Course/20069/Bib/18810https://www.athlinks.com/event/96107/results/Event/119348/Course/20069/Bib/18810https://www.athlinks.com/event/20202/results/Event/12208/Course/17967/Bib/497https://www.athlinks.com/event/20202/results/Event/12208/Course/17967/Bib/497https://www.athlinks.com/event/20202/results/Event/12208/Course/17967/Bib/497https://www.athlinks.com/event/20202/results/Event/12208/Course/17967/Bib/497https://www.athlinks.com/event/20202/results/Event/12208/Course/17967/Bib/497https://www.athlinks.com/event/11333/results/Event/212812/Course/574260/Bib/622https://www.athlinks.com/event/20202/results/Event/12208/Course/17967/Bib/497https://www.athlinks.com/event/20202/results/Event/12208/Course/17967/Bib/497https://www.athlinks.com/event/20202/results/Event/12208/Course/17967/Bib/497https://www.athlinks.com/event/20202/results/Event/12208/Course/17967/Bib/497https://www.athlinks.com/event/20202/results/Event/12208/Course/17967/Bib/497https://www.athlinks.com/event/20202/results/Event/12208/Course/17967/Bib/497https://www.athlinks.com/event/20202/results/Event/12208/Course/17967/Bib/497https://www.athlinks.com/event/3877/results/Event/14471/Course/21409/Bib/112https://www.athlinks.com/event/3877/results/Event/14471/Course/21409/Bib/112https://www.athlinks.com/event/3877/results/Event/14471/Course/21409/Bib/112https://www.athlinks.com/event/11333/results/Event/212812/Course/574260/Bib/622https://www.athlinks.com/event/3877/results/Event/14471/Course/21409/Bib/112https://www.athlinks.com/event/3877/results/Event/14471/Course/21409/Bib/112https://www.athlinks.com/event/3877/results/Event/14471/Course/21409/Bib/112https://www.athlinks.com/event/3877/results/Event/14471/Course/21409/Bib/112https://www.athlinks.com/event/3877/results/Event/14471/Course/21409/Bib/112https://www.athlinks.com/event/3877/results/Event/14471/Course/21409/Bib/112https://www.athlinks.com/event/3877/results/Event/14471/Course/21409/Bib/112https://www.athlinks.com/event/3877/results/Event/14471/Course/21409/Bib/112https://www.athlinks.com/event/3877/results/Event/14471/Course/21409/Bib/112https://www.athlinks.com/event/20181/results/Event/15114/Course/19081/Entry/8169158https://www.athlinks.com/event/11333/results/Event/212812/Course/574260/Bib/622https://www.athlinks.com/event/20181/results/Event/15114/Course/19081/Entry/8169158https://www.athlinks.com/event/20181/results/Event/15114/Course/19081/Entry/8169158https://www.athlinks.com/event/20181/results/Event/15114/Course/19081/Entry/8169158https://www.athlinks.com/event/20181/results/Event/15114/Course/19081/Entry/8169158https://www.athlinks.com/event/20181/results/Event/15114/Course/19081/Entry/8169158https://www.athlinks.com/event/20181/results/Event/15114/Course/19081/Entry/8169158https://www.athlinks.com/event/20181/results/Event/15114/Course/19081/Entry/8169158https://www.athlinks.com/event/20181/results/Event/15114/Course/19081/Entry/8169158https://www.athlinks.com/event/20181/results/Event/15114/Course/19081/Entry/8169158https://www.athlinks.com/event/20181/results/Event/15114/Course/19081/Entry/8169158https://www.athlinks.com/event/11333/results/Event/212812/Course/574260/Bib/622https://www.athlinks.com/event/20181/results/Event/15114/Course/19081/Entry/8169158https://www.athlinks.com/event/190539/results/Event/75755/Course/110299/Entry/44450335https://www.athlinks.com/event/190539/results/Event/75755/Course/110299/Entry/44450335https://www.athlinks.com/event/190539/results/Event/75755/Course/110299/Entry/44450335https://www.athlinks.com/event/190539/results/Event/75755/Course/110299/Entry/44450335https://www.athlinks.com/event/190539/results/Event/75755/Course/110299/Entry/44450335https://www.athlinks.com/event/190539/results/Event/75755/Course/110299/Entry/44450335https://www.athlinks.com/event/190539/results/Event/75755/Course/110299/Entry/44450335https://www.athlinks.com/event/190539/results/Event/75755/Course/110299/Entry/44450335https://www.athlinks.com/event/190539/results/Event/75755/Course/110299/Entry/44450335https://www.athlinks.com/event/11333/results/Event/212812/Course/574260/Bib/622https://www.athlinks.com/event/190539/results/Event/75755/Course/110299/Entry/44450335https://www.athlinks.com/event/190539/results/Event/75755/Course/110299/Entry/44450335https://www.athlinks.com/event/190539/results/Event/75755/Course/110299/Entry/44450335https://www.athlinks.com/event/20202/results/Event/153152/Course/210483/Entry/87957337https://www.athlinks.com/event/20202/results/Event/153152/Course/210483/Entry/87957337https://www.athlinks.com/event/20202/results/Event/153152/Course/210483/Entry/87957337https://www.athlinks.com/event/20202/results/Event/153152/Course/210483/Entry/87957337https://www.athlinks.com/event/20202/results/Event/153152/Course/210483/Entry/87957337https://www.athlinks.com/event/20202/results/Event/153152/Course/210483/Entry/87957337https://www.athlinks.com/event/20202/results/Event/153152/Course/210483/Entry/87957337https://www.athlinks.com/event/20238/results/Event/376385/Course/559845/Entry/245056884https://www.athlinks.com/event/11333/results/Event/212812/Course/574260/Bib/622https://www.athlinks.com/event/20202/results/Event/153152/Course/210483/Entry/87957337https://www.athlinks.com/event/20202/results/Event/153152/Course/210483/Entry/87957337https://www.athlinks.com/event/20202/results/Event/153152/Course/210483/Entry/87957337https://www.athlinks.com/event/20202/results/Event/153152/Course/210483/Entry/87957337https://www.athlinks.com/event/20202/results/Event/153152/Course/210483/Entry/87957337https://www.athlinks.com/event/12323/results/Event/57480/Course/86436/Entry/36453807https://www.athlinks.com/event/12323/results/Event/57480/Course/86436/Entry/36453807https://www.athlinks.com/event/12323/results/Event/57480/Course/86436/Entry/36453807https://www.athlinks.com/event/12323/results/Event/57480/Course/86436/Entry/36453807https://www.athlinks.com/event/12323/results/Event/57480/Course/86436/Entry/36453807https://www.athlinks.com/event/11333/results/Event/212812/Course/574260/Bib/622https://www.athlinks.com/event/12323/results/Event/57480/Course/86436/Entry/36453807https://www.athlinks.com/event/12323/results/Event/57480/Course/86436/Entry/36453807https://www.athlinks.com/event/12323/results/Event/57480/Course/86436/Entry/36453807https://www.athlinks.com/event/12323/results/Event/57480/Course/86436/Entry/36453807https://www.athlinks.com/event/12323/results/Event/57480/Course/86436/Entry/36453807https://www.athlinks.com/event/12323/results/Event/57480/Course/86436/Entry/36453807https://www.athlinks.com/event/12323/results/Event/57480/Course/86436/Entry/36453807https://www.athlinks.com/event/35165/results/Event/146225/Course/200579/Entry/83591741https://www.athlinks.com/event/35165/results/Event/146225/Course/200579/Entry/83591741https://www.athlinks.com/event/35165/results/Event/146225/Course/200579/Entry/83591741https://www.athlinks.com/event/11333/results/Event/212812/Course/574260/Bib/622https://www.athlinks.com/event/35165/results/Event/146225/Course/200579/Entry/83591741https://www.athlinks.com/event/35165/results/Event/146225/Course/200579/Entry/83591741https://www.athlinks.com/event/35165/results/Event/146225/Course/200579/Entry/83591741https://www.athlinks.com/event/35165/results/Event/146225/Course/200579/Entry/83591741https://www.athlinks.com/event/35165/results/Event/146225/Course/200579/Entry/83591741https://www.athlinks.com/event/35165/results/Event/146225/Course/200579/Entry/83591741https://www.athlinks.com/event/35165/results/Event/146225/Course/200579/Entry/83591741https://www.athlinks.com/event/35165/results/Event/146225/Course/200579/Entry/83591741https://www.athlinks.com/event/35165/results/Event/146225/Course/200579/Entry/83591741https://www.athlinks.com/event/12323/results/Event/42543/Course/62971/Bib/1169https://www.athlinks.com/event/11333/results/Event/212812/Course/574260/Bib/622https://www.athlinks.com/event/12323/results/Event/42543/Course/62971/Bib/1169https://www.athlinks.com/event/12323/results/Event/42543/Course/62971/Bib/1169https://www.athlinks.com/event/12323/results/Event/42543/Course/62971/Bib/1169https://www.athlinks.com/event/12323/results/Event/42543/Course/62971/Bib/1169https://www.athlinks.com/event/12323/results/Event/42543/Course/62971/Bib/1169https://www.athlinks.com/event/12323/results/Event/42543/Course/62971/Bib/1169https://www.athlinks.com/event/12323/results/Event/42543/Course/62971/Bib/1169https://www.athlinks.com/event/12323/results/Event/42543/Course/62971/Bib/1169https://www.athlinks.com/event/12323/results/Event/42543/Course/62971/Bib/1169https://www.athlinks.com/event/12323/results/Event/42543/Course/62971/Bib/1169https://www.athlinks.com/event/11333/results/Event/212812/Course/574260/Bib/622https://www.athlinks.com/event/12323/results/Event/42543/Course/62971/Bib/1169https://www.athlinks.com/event/20238/results/Event/195498/Course/220839/Entry/93815266https://www.athlinks.com/event/20238/results/Event/195498/Course/220839/Entry/93815266https://www.athlinks.com/event/20238/results/Event/195498/Course/220839/Entry/93815266https://www.athlinks.com/event/20238/results/Event/195498/Course/220839/Entry/93815266https://www.athlinks.com/event/20238/results/Event/195498/Course/220839/Entry/93815266https://www.athlinks.com/event/20238/results/Event/376385/Course/559845/Entry/245056884https://www.athlinks.com/event/20238/results/Event/195498/Course/220839/Entry/93815266https://www.athlinks.com/event/20238/results/Event/195498/Course/220839/Entry/93815266https://www.athlinks.com/event/20238/results/Event/195498/Course/220839/Entry/93815266https://www.athlinks.com/event/20238/results/Event/195498/Course/220839/Entry/93815266https://www.athlinks.com/event/20238/results/Event/195498/Course/220839/Entry/93815266https://www.athlinks.com/event/20238/results/Event/195498/Course/220839/Entry/93815266https://www.athlinks.com/event/20238/results/Event/195498/Course/220839/Entry/93815266https://www.athlinks.com/event/156909/results/Event/148560/Course/202557/Bib/4743https://www.athlinks.com/event/156909/results/Event/148560/Course/202557/Bib/4743https://www.athlinks.com/event/156909/results/Event/148560/Course/202557/Bib/4743https://www.athlinks.com/event/20238/results/Event/376385/Course/559845/Entry/245056884https://www.athlinks.com/event/156909/results/Event/148560/Course/202557/Bib/4743https://www.athlinks.com/event/156909/results/Event/148560/Course/202557/Bib/4743https://www.athlinks.com/event/156909/results/Event/148560/Course/202557/Bib/4743https://www.athlinks.com/event/156909/results/Event/148560/Course/202557/Bib/4743https://www.athlinks.com/event/156909/results/Event/148560/Course/202557/Bib/4743https://www.athlinks.com/event/156909/results/Event/148560/Course/202557/Bib/4743https://www.athlinks.com/event/156909/results/Event/148560/Course/202557/Bib/4743https://www.athlinks.com/event/156909/results/Event/148560/Course/202557/Bib/4743https://www.athlinks.com/event/156909/results/Event/148560/Course/202557/Bib/4743https://www.athlinks.com/event/318065/results/Event/865517/Course/1628046/Bib/421https://www.athlinks.com/event/20238/results/Event/376385/Course/559845/Entry/245056884https://www.athlinks.com/event/318065/results/Event/865517/Course/1628046/Bib/421https://www.athlinks.com/event/318065/results/Event/865517/Course/1628046/Bib/421https://www.athlinks.com/event/318065/results/Event/865517/Course/1628046/Bib/421https://www.athlinks.com/event/318065/results/Event/865517/Course/1628046/Bib/421https://www.athlinks.com/event/318065/results/Event/865517/Course/1628046/Bib/421https://www.athlinks.com/event/318065/results/Event/865517/Course/1628046/Bib/421https://www.athlinks.com/event/318065/results/Event/865517/Course/1628046/Bib/421https://www.athlinks.com/event/318065/results/Event/865517/Course/1628046/Bib/421https://www.athlinks.com/event/318065/results/Event/865517/Course/1628046/Bib/421https://www.athlinks.com/event/318065/results/Event/865517/Course/1628046/Bib/421https://www.athlinks.com/event/20238/results/Event/376385/Course/559845/Entry/245056884https://www.athlinks.com/event/318065/results/Event/865517/Course/1628046/Bib/421https://www.athlinks.com/event/42382/results/Event/280089/Course/580724/Bib/421https://www.athlinks.com/event/42382/results/Event/280089/Course/580724/Bib/421https://www.athlinks.com/event/42382/results/Event/280089/Course/580724/Bib/421https://www.athlinks.com/event/42382/results/Event/280089/Course/580724/Bib/421https://www.athlinks.com/event/42382/results/Event/280089/Course/580724/Bib/421https://www.athlinks.com/event/42382/results/Event/280089/Course/580724/Bib/421https://www.athlinks.com/event/42382/results/Event/280089/Course/580724/Bib/421https://www.athlinks.com/event/42382/results/Event/280089/Course/580724/Bib/421https://www.athlinks.com/event/42382/results/Event/280089/Course/580724/Bib/421https://www.athlinks.com/event/20238/results/Event/376385/Course/559845/Entry/245056884https://www.athlinks.com/event/42382/results/Event/280089/Course/580724/Bib/421https://www.athlinks.com/event/42382/results/Event/280089/Course/580724/Bib/421https://www.athlinks.com/event/42382/results/Event/280089/Course/580724/Bib/421https://www.athlinks.com/event/20238/results/Event/157007/Course/167697/Entry/79865893https://www.athlinks.com/event/20238/results/Event/157007/Course/167697/Entry/79865893https://www.athlinks.com/event/20238/results/Event/157007/Course/167697/Entry/79865893https://www.athlinks.com/event/20238/results/Event/157007/Course/167697/Entry/79865893https://www.athlinks.com/event/20238/results/Event/157007/Course/167697/Entry/79865893https://www.athlinks.com/event/20238/results/Event/157007/Course/167697/Entry/79865893https://www.athlinks.com/event/20238/results/Event/157007/Course/167697/Entry/79865893https://www.athlinks.com/event/20238/results/Event/376385/Course/559845/Entry/245056884https://www.athlinks.com/event/20238/results/Event/157007/Course/167697/Entry/79865893https://www.athlinks.com/event/20238/results/Event/157007/Course/167697/Entry/79865893https://www.athlinks.com/event/20238/results/Event/157007/Course/167697/Entry/79865893https://www.athlinks.com/event/20238/results/Event/157007/Course/167697/Entry/79865893https://www.athlinks.com/event/20238/results/Event/157007/Course/167697/Entry/79865893https://www.athlinks.com/event/3171/results/Event/25780/Course/39844/Bib/3186https://www.athlinks.com/event/3171/results/Event/25780/Course/39844/Bib/3186https://www.athlinks.com/event/3171/results/Event/25780/Course/39844/Bib/3186https://www.athlinks.com/event/3171/results/Event/25780/Course/39844/Bib/3186https://www.athlinks.com/event/3171/results/Event/25780/Course/39844/Bib/3186https://www.athlinks.com/event/20238/results/Event/376385/Course/559845/Entry/245056884https://www.athlinks.com/event/3171/results/Event/25780/Course/39844/Bib/3186https://www.athlinks.com/event/3171/results/Event/25780/Course/39844/Bib/3186https://www.athlinks.com/event/3171/results/Event/25780/Course/39844/Bib/3186https://www.athlinks.com/event/3171/results/Event/25780/Course/39844/Bib/3186https://www.athlinks.com/event/3171/results/Event/25780/Course/39844/Bib/3186https://www.athlinks.com/event/3171/results/Event/25780/Course/39844/Bib/3186https://www.athlinks.com/event/3171/results/Event/25780/Course/39844/Bib/3186https://www.athlinks.com/event/156909/results/Event/36020/Course/53906/Bib/6492https://www.athlinks.com/event/156909/results/Event/36020/Course/53906/Bib/6492https://www.athlinks.com/event/156909/results/Event/36020/Course/53906/Bib/6492

Future End Markets

		Evolution		Recycled Asphalt Roof Shingle End Markets 				Per ton		Recycling Value in Millions

				RAS for Roads		1.10		$   30		$60

				Roof Waste to Roof Mfr. 		1.00		$   40		$61

				Refuse Derived Fuel, Cement Kilns 		0.25		$   85		$21				0.03

				Lost Circulation Material		0.01

				Roofing Adhesives & Sealants, Bitumen Membranes, Pavement Seal Coating 		0.25

				Polymer/Asphaltic Limestone Powder Shapes		0.50

				Misc. Road Applications (RAS/Gravel), Cold Patch, Full Depth Reclamation, etc. 		0.25

				New Markets Product Manufactruing 		0.25

				Landfills		11.30		$   75		$848

				TOTAL		14.9		$66.38		$990

				Waste Hauling Transportation -Industrial Haulers		4.9		$   100.33		$   493.67

				Waste Hauling Transportation - Small Trailers		10.0		$   58.04		$   579.76

										$2,063

				Recycled Asphalt Roof Shingle End Markets 				Per ton		Sales in Millions

				Roof to Roads		1.47		$   100		$   147

				Shingle to Shingle		0.38		$   85.00		$   32

				Landfills		9.45		$   (30)		$   (283.50)

						11.3

				Waste Hauling Transportation -Industrial Haulers		3.7		$   100.33		$   374.14

				Waste Hauling Transportation - Small Trailers		7.6		$   58.04		$   439.39

																Waste

				Population				Sqs. Per Capita		Tons per Capita		Lbs. 		Sqs. Per year		Lbs. Per Capita		Annual Tons

				323,100,000				0.36		0.034		68		115,000,000		68		11,000,000

				35,000,000										12,457,444				1,191,582

				358,100,000										127,457,444				12,191,582



[CATEGORY NAME], [VALUE], [PERCENTAGE]

















RAS for Roads	Roof Waste to Roof Mfr. 	Refuse Derived Fuel, Cement Kilns 	Roofing Adhesives 	&	 Sealants, Bitumen Membranes, Pavement Seal Coating 	Misc. Road Applications (RAS/Gravel), Cold Patch, Full Depth Reclamation, etc. 	New Markets Product Manufactruing 	Landfills	1.1000000000000001	1	0.25	0.25	0.25	0.25	11.3	



Current End Markets (2)

		Evolution		Recycled Asphalt Roof Shingle End Markets 				Per ton		Recycling Value in Millions

				RAS for Roads		1.00		$   30		$60

				Refuse Derived Fuel, Cement Kilns		0.03		$   85		$3				0.03

				Landfills		14.87		$   75		$1,115



				Roof Waste to Roof Mfr. Granule Harvesting		1.25		$   40		$61

				Roof Waste to Energy Binders		1		$   150		$150

				Roof Waste to Energy Cement Kilns (Chips and Powder)		2.25		$   (20)		($45)

				TOTAL		20.4		$68.08		$1,389

				Waste Hauling Transportation -Industrial Haulers		6.7		$   100.33		$   675.44

				Waste Hauling Transportation - Small Trailers		13.7		$   58.04		$   793.23

										$2,857

				Recycled Asphalt Roof Shingle End Markets 				Per ton		Sales in Millions

				Roof to Roads		2		$   30		$   60

				Shingle to Shingle		0.38		$   85.00		$   32

				Landfills		12.49		$   (30)		$   (374.70)

						14.9

				Waste Hauling Transportation -Industrial Haulers		4.9		$   100.33		$   492.35

				Waste Hauling Transportation - Small Trailers		10.0		$   58.04		$   578.20

																Waste

				Population				Sqs. Per Capita		Tons per Capita		Lbs. 		Sqs. Per year		Lbs. Per Capita		Annual Tons

				326,100,000				0.45		0.043		86		146,605,348		86		14,074,113

				37,000,000				0.34		0.033		65		12,602,495		65		1,209,840

				363,100,000										159,207,843				15,283,953

				1National Association Pavement Association, Asphalt Pavement Industry Survey on Recycled Materials and Warm-Mix Asphalt Usage 2019. 

				3 .45 squares per capita3  and 86 lbs.4 roof waste per capita 326.1M US Population and 37M Canadian population 

				413.17M Landfilled , .939M reuse in asphalt road paving 

				2Calculated based on Asphalt Roofing Manufacturers Association (ARMA) annual market share reports. US 146.6 million and Canadian sales of 12.6 million squares. Mkt Size X 240lbsX 80% remodeling/2000. 





[CATEGORY NAME], [VALUE], [PERCENTAGE]



[CATEGORY NAME], [VALUE], [PERCENTAGE]





RAS for Roads	Refuse Derived Fuel, Cement Kilns	Landfills	1	0.03	14.87	



End Markets

		Potential End Markets 				Per ton		Recycling Value in Millions

		Asphalt Paving Industry 		2		$   30		$60

		Factory Waste to Shingle 		0.56		$   85		$48

		Polymer shapes 		2		$   100		$200

		Roof WTE Binders Coal fines & Biomass		1.4		$   150		$210

		Roof Waste Co-Processing 		3.25		$   20		$65

		Roof Waste to Roof Mfr. Granule Harvesting		1.1		$   40		$61

		Roof WTE Binders Granule Harvesting		0.5		$   100		$50

		Hot Roofing Adhesives, Bitumen Membranes, AC Products, Mastic, Coatings, Sealants		0.2		$   100		$20

		TOTAL		11.0		$64.91		$714

		Waste Hauling Transportation -Industrial Haulers		3.6		$   100.33		$   363.99

		Waste Hauling Transportation - Small Trailers		7.4		$   58.04		$   427.46

								$1,505

		Recycled Asphalt Roof Shingle End Markets 				Per ton		Sales in Millions

		Roof to Roads		2		$   30		$   60

		Factory Waste to Shingle		0.56		$   85.00		$   48

		Landfills		9.45		$   (30)		$   (283.50)

				12.0				$   (176)

		Waste Hauling Transportation -Industrial Haulers		4.0		$   100.33		$   397.65

		Waste Hauling Transportation - Small Trailers		8.0		$   58.04		$   467.00

								$   689

		hot roofing adhesive, modified shingle adhesive, asphalt shingles, modified bitumen membranes, asphalt coated glass plies and base sheets, asphaltic protector board, organic roofing felt, mastics, coatings, and sealants



















Asphalt Paving Industry 	Factory Waste to Shingle 	Polymer shapes 	Roof WTE Binders Coal fines 	&	 Biomass	Roof Waste Co-Processing 	Roof Waste to Roof Mfr. Granule Harvesting	Roof WTE Binders Granule Harvesting	Hot Roofing Adhesives, Bitumen Membranes, AC Products, Mastic, Coatings, Sealants	2	0.56000000000000005	2	1.4	3.25	1.083333333333333	0.5	0.2	



NAPA HMA Produced 2018

		Tons of HMA/WMA Produced 		2016		2017		2018		2019				% of Sales		Inc./Dec.		Bitumen Use Assuming 6% 		Roofing Manufacturing 

				Millions of Tons 

		DOT		151.5		165.2		160.4		164.8				41%		-3%

		Other Agency (such as IL Tollway)		102.1		92.7		104.6		110.2				27%		13%

		Commercial & Residential		121.4		121.4		124.3		146.8				6%		2%

		Total Tons 		375.0		379.3		389.3		421.8						3%		22.8		3.8		5.9889473684

		Road Paving Bitumen purchased (assumes 6% AC)		22.5		22.8		23.4		25.3						3%

		Tons of Roofing Produced in North America 		2016		2017		2018		2019				% of Sales		Inc./Dec.		Bitumen Use Assuming 6% 		Roofing Manufacturing 

		USA in Sqs. 		140		151		143		146				91%		8%

		Canada in Sqs. 		14		14.8		14.3		12.6				9%		6%

		Total Tons (assumption 225lbs. Per sq.)		17.3		18.7		17.7		17.8						8%		1.1		3.8		0.2945131579

		Roofing Industry bitumen purchased in tons (assumes 22% AC)		3.8		4.1		3.9		3.9						8%



		Waste Asphalt derived from Asphalt Roof Shingles		2016		2017		2018		2018				% of Sales		Inc./Dec.		Bitumen Use Assuming 6% 		Roofing Manufacturing 

		USA in Sqs. (77.5% reroof with tear-offs, single layer)		108.5		117.0		110.8		113.2				828%														450

		Canada in Sqs. 		10.9		11.5		11.1		9.8				81%										42		336		0.168

		Total Tons (assumption 220lbs. Per sq.)		13.1		14.1		13.4		13.5								0.8		3.8		0.2231755263						75.6

		22% asphalt content in Waste Asphalt Shingles		2.9		3.1		3.0		3.0

		Recycled Asphalt Pavement (RAP) Use in HMA		81.8		79.9		82.2		89.2						-2.3%		4.79

		RAP in %		21.8%		21.1%		21.1%		21.1%						-3%

		Total Tons of RAP Stockpiled at Year-End in Millions of Tons		93.6		102.1		110.3		138						9%

		RAP Inventory in Years 		1.14		1.28		1.34		1.55						12%

		Recycled Asphalt Shingles (RAS) Use in HMA		1.027		0.935		1.053		0.921

		Unprocessed Post-Consumer Accepted at Plants		1.027		0.591		0.534		0.277						-5%

		Manufacturers Waste Accepted at Plants				0.344		0.356		0.334

		Processed Shingles Accepted		0.846		0.311		0.43		0.423						-28%

		Used in HMA		1.39		0.944		1.053		0.921						-32%

		Used as Aggregate		0.009		0.036		0.05		0.018						39%		1.399

		Total Tons of RAS use in road projects 		1.399		0.98		1.103		0.939				0		12.6%

		Total Tons of RAS Stockpiled at Year-End in Millions of Tons				1.387		1.368		1.143

		RAS Inventory in Years 				1.47		1.24		1.22



		Target 10% use in the following Industries 		Target Use in Millions of Tons										% of Sales		Inc./Dec.		Bitumen Use Assuming 6% 		Roofing Manufacturing 

		10% Recycled Content - Asphalt Paving Industry		2.3										86%

		10% Recycled Content - Asphalt Roofing Industry		0.4										14%

		Total Tons		2.7														0.2		3.8

		Note: In the USA in the years of 2016-2018, 738,000, 795,000, 840,000 single family homes built, with an average of 30 sqs. 																2,736,000,000

		321,000, 358,000, 344,600 respectively, multi-family homes were built. 																24,000,000,000

																594		321		0.4595959596

																		273.24
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																		120000000

																		80000000

																		80000000
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																		400000000		15%





RAW Material Opportunity



		Recycled Asphalt Shingle (RAS) Raw Material Value  - North America

		Annual Tons Landfilled						14,870,000

		Material		Value 		%		Tons		Recovered		Total								Material		%		Tons		Recovered		Total

		Asphalt		$   400.00		22%		3,271,400		$   88.00		$   1,308,560,000								Asphalt2		22%		3,271,400		ERROR:#REF!		ERROR:#REF!

		Granules 8/35 mesh		$   45.00		33%		4,907,100		$   14.85		$   220,819,500								Granules 8/35 mesh		33%		4,907,100		ERROR:#REF!		ERROR:#REF!

		Limestone <35/>70		$   20.00		6%		847,590		$   1.14		$   16,951,800								Limestone <35/>70		6%		847,590		ERROR:#REF!		ERROR:#REF!

		LImestone <70		$   20.00		32%		4,803,010		$   6.46		$   96,060,200								LImestone <70		32%		4,803,010		ERROR:#REF!		ERROR:#REF!

		Fiberglass		$   - 0		1%		148,700		$   - 0		$   - 0								Fiberglass		1%		148,700		ERROR:#REF!		ERROR:#REF!

		Sealant		$   - 0		1%		148,700		$   - 0		$   - 0								Sealant		1%		148,700		ERROR:#REF!		ERROR:#REF!

		Sand Back surfacing		$   20.00		5%		743,500		$   1.00		$   14,870,000								Sand Back surfacing		5%		743,500		ERROR:#REF!		ERROR:#REF!

		Raw Material Value				100%		14,870,000		$   111.45		$   1,657,261,500								Raw Material Value		100%				ERROR:#REF!		ERROR:#REF!

		OC 2030 Goal in the USA 				50%		7,435,000		$   111.45		$   828,630,750

		16 Locations X 75,000				8%		1,200,000		$   111.45		$   133,740,000

		Standard Roofing Limestone Specification 

		US Std. Sieve		Tyler		Microns				Passing		Max

		20		20		841				100%

		40		35		501				97%		100%

		50		48		297				93%		100%

		70		65		212				85%		97%

		100		100		190				72%		95%

		140		150		103				66%		89%

		200		200		73				56%		81%

		270		270		53				45%		70%

		325		325		42				37%		60%

		Purity 								93-97%		CaCo3

		No more than .2-.3% calcium oxide as this can cause brittleness

		Asphalt Shingle Raw Materials - New England

		Annual Tons Landfilled1						998,441

		Material		Value 		%		Tons		Recovered		Total

		Asphalt2		$   545.00		22%		219,657		$   119.90		$   119,713,076

		Granules 8/35 mesh		$   55.00		33%		329,486		$   18.15		$   18,121,704

		Limestone <35/>70		$   5.00		6%		56,911		$   0.29		$   284,556

		LImestone <70		$   15.00		32%		322,496		$   4.85		$   4,837,447

		Fiberglass		$   - 0		1%		9,984		$   - 0		$   - 0

		Sealant		$   - 0		1%		9,984		$   - 0		$   - 0

		Sand Back surfacing		$   10.00		5%		49,922		$   0.50		$   499,221

		Raw Material Value								$   143.68		$   143,456,003

												321000000

												35800000

										157,500,000		356,800,000		0.4414237668



Asphalt, 22%

















Asphalt2	Granules 8/35 mesh	Limestone 	<	35/	>	70	LImestone 	<	70	Fiberglass	Sealant	Sand Back surfacing	0.22	0.33	5.6999999999999995E-2	0.32300000000000001	0.01	0.01	0.05	



Sheet4

				2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019

		RAS Use in HMA/WMA Tons		702,000		1,100,000		1,192,000		1,863,000		1,647,000		1,964,000		1,931,000		1,390,000		944,000		1,100,000		939,000



2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	

702000	1100000	1192000	1863000	1647000	1964000	1931000	1390000	944000	1100000	939000	









RAP & RAS Savings per Ton 

		Material		Material Quantity, Million Tons				% Agg. 		% AC		Aggregate Cost Savings per Ton				Aggregate Cost Savings $ Billion 				Asphalt Binder Costs Savings, Per Ton				Asphalt Binder Cost Savings $ Billion 				Total Cost Savings, $ Billion				Savings Inc/(Dec)		Savings Per Ton*		Cost

				2017		2018						2017		2018		2017		2018		2017		2018		2017		2018		2017		2018

		RAP		76.2		82.2		95%		5		$   10.17		$   11.36		$   0.736		$   0.822		$   390.55		$   519.95		$   1.488		$   1.981		$   2.224		$   2.803		26%		$   34.10		$   49

		RAS		0.944		1.053		50%		20		$   10.59		$   12.71		$   0.005		$   0.006		$   391.95		$   534.96		$   0.074		$   0.101		$   0.079		$   0.107		35%		$   101.61		$   52

		TOTAL														$   0.741		$   0.828						$   1.562		$   2.082		$   2.303		$   2.910

																				76,200,000		72,390,000		736,000,000		10.1671501589

																				944000		188,800

				Material		Material Quantity, Million Tons				% Agg. 		% AC		Aggregate Cost Savings per Ton				Aggregate Cost Savings $ Billion 				Asphalt Binder Costs Savings, Per Ton				Asphalt Binder Cost Savings $ Billion 				Total Cost Savings, $ Billion				Savings Inc/(Dec)		Savings Inc/(Dec)

						2017		2018						2017		2018		2017		2018		2017		2018		2017		2018		2017		2018

				RAP		76.2		82.2		95%		5		$   10.17		$   11.36		$   0.736		$   0.822		$   390.55		$   519.95		$   1.488		$   1.981		$   2.224		$   2.803		26%		-91%

				RAS		0.944		1.053		50%		20		$   10.59		$   12.71		$   0.005		$   0.006		$   391.95		$   534.96		$   0.074		$   0.101		$   0.079		$   0.107		35%		231%

				TOTAL														$   0.741		$   0.828						$   1.562		$   2.082		$   2.303		$   2.910





Tower Bottoms biopolymers

		Group Code		Base Asphalt		Dosage/Material		Critical High Temperature		Critical High Temperature		Critical Low Temperature		PG

								Unaged ˚C		RTFO ˚C		PAV ˚C

		C1		VD		None		89		89.3		-11		88-10

		C2		VD		8% EBS		70		70.3		-24		70-22

		C3		VD		8% EMS		67.2		69.6		-23.7		64-22

		C4		SDA		None		103.4		106.9		27.2		100+32

		C5		SDA		12% EBS		71.8		77.6		-13.8		70-10

		C6		SDA		12% EMS		68.9		76.4		-14.8		64-10

		C7		ROSE		None		104.7		103.8		28.8		100+32

		C8		ROSE		15% EBS		67.5		69.7		-18.6		64-16

		C9		ROSE		15% EMS		58.6		62		-21.3		58-16

		VD = Vacuum Distillation Tower Bottoms (C1) from Ohio refinery, PEN Grade 10-20

		SDA = Solvent Deasphalting Unit Bottoms (C4) from Utah refinery, PEN Grade 0-5

		ROSE = Residuum Oil Super Critical Extraction (C7) from New Mexico refinery, PEN Grade 0

		EBS =		Epoxidized Benzyl Soyate

		EMS = 		Epoxidized Methyl Soyate

		RTFO =		Rolling Thin Film Oven

		PAV = 		Pressure Aging Vessel

		PG 		Performance Grade

		Source:		2018 International Society For Asphalt Pavements, ISAP Conference, Fortaleza, Ceara', Brazil

				Joseph Podolsky1, Mohamed Elkashef3, Nacu Hernandez2, Austin Hohmann2, 

				R. Christopher Williams1, Eric Cochran2

				1Iowa State University, Civil, Construction and Environmental Engineering Department

				2Iowa State University, Chemical and Biological Engineering Department

				3UC Davis, Pavement Research Center 





Asphalt Properties

		Oxidized Bitumen (Class 2) Roofing Industry

		Property				Test method		Grade

								75/30		85/25		85/40		95/25		105/35		115/15

		Softening-point (°C)		Min		BS 4 692		70		80		80		90		100		110

				Max				80		90		90		100		110		120

		Penetration at 25 °C				BS 4 691		30 ± 5		25 ± 5		40 ± 5		25 ± 5		35 ± 5		15 ± 5

		Loss on heating for 5h at 163 °C by mass (%)		Max		BS 2000: Part 45		0.2		0.2		0.5		0.2		0.5		0.2

		Solubility in trichloroethylene by mass (%)		Min		BS 4 690		99.5		99.5		99.5		99.5		99.5		99.5

		Max., maximum; Min., minimum

		From IARC (1985).



		Straight Run Bitumens (Class 1) 

		Property				Test method		Grade

								H 80/90		H 100/120

		Softening-point (°C)		Min		BS 4 692		80		100

				Max				90		120

		Penetration at 25 °C		Min		BS 4 691		6		2

				Max				12		10

		Loss on heating for 5 h at 163 °C by mass (%)		Max		BS 2000: Part 45		0.05		0.05				250000		125

		Solubility in trichloroethylene by mass (%)		Min		BS 4 690		99.5		99.5

		Max., maximum; Min., minimum

		From IARC (1985).

		Straight Run Bitumens (Class 1)

		Property				Test method		Penetration Grade

								15 PEN		25 PEN		35 PEN		40 PEN HD		50 PEN		70 PEN		100 PEN		200 PEN		300 PEN		450 PEN

		Penetration at 25 °C				BS 4 691		15 ± 5		25 ± 5		35 ± 7		40 ± 10		50 ± 10		70 ± 10		100 ± 20		200 ± 30		300 ± 45		450 ± 65

		Softening-point (°C)		Min		BS 4 692		63		57		52		58		47		44		41		33		30		25

				Max				76		69		64		68		58		54		51		42		39		34

		Loss on heating for 5 h at 163 °C				BS 2000:Part 45

		Loss by mass (%)		Max				0.1		0.2		0.2		0.2		0.2		0.2		0.5		0.5		1		1

		Drop in penetration (%)		Max				20		20		20		20		20		20		20		20		25		25

		Solubility in trichloroethylene by mass (%)		Min		BS 4 690		99.5		99.5		99.5		99.5		99.5		99.5		99.5		99.5		99.5		99.5

		Max., maximum; Min., minimum; PEN, penetration grade

		From IARC (1985)

		Cut Back Bitumens (Class 3) to decrease (cut-back) viscosity. Typical products used in road applications are made by cutting back 100-PEN bitumens with 8–14% kerosene.

		Property				Test method		Grade

								50 s		100 s		200 s

		Viscosity (STV) at 40 °C, 100-mm cup				BS 2000: Part 72		50 ± 10		100 ± 20		200 ± 40

		Distillation

		to 225 °C (% by volume)		Max		BS 2000:Part 72		1		1		1

		to 360 °C (% by volume)		Max				8 to 14		6 to 12		4 to 10

		Penetration at 25 °C of residue from distillation to 360 °C				BS 4 691		100 to 350		100 to 350		100 to 350



		Solubility in trichloroethylene by mass (%)		Min		BS4690		99.5		99.5		99.5

		Max., maximum; Min., minimum; STV, standard tar viscometer

		From IARC (1985)

		Bitumen Emulsions (Class 4) 

		Bitumen emulsions are fine dispersions of bitumen droplets in water, primarily of straight-run bitumens (class 1), although cutback bitumens (class 3) and modified bitumens (class 5) can also be used. Accordingly, there is no CAS No. available for bitumen emulsions. Bitumen emulsions are manufactured using high-speed shearing devices, such as colloid mills. The bitumen content can range from 30% to 70% by weight. They can be anionic, cationic or non-ionic depending on the surfactant used (Asphalt Institute & Eurobitume, 2011). In the USA, they are referred to as “asphalt emulsions”.

		Modified Bitumen (Class 5) 

		Modified bitumens contain appreciable quantities (typically 3–15% by weight) of special additives, such as polymers, crumb rubber, elastomers, sulfur, polyphosphoric acid and other products used to modify their properties. This is a variable class of bitumens that are modified for use in specialized applications (Asphalt Institute & Eurobitume, 2011). Accordingly, there is no CAS No. available for modified bitumens.



		Thermally Cracked Bitumen (Class 6) 

		Thermally-cracked bitumens (CAS No. 92062-05-0, EINECS No. 295-518-9) are produced by extended high-temperature distillation of a petroleum residue (440–500 °C). The thermally-cracked residue produced by this process is vacuum-distilled and further treated to create a hard material used in blending bitumens (Asphalt Institute & Eurobitume, 2011). Thermally-cracked bitumens may contain levels of PAHs of up to 272 μg/kg (Yanysheva et al., 1963). Thermally-cracked bitumens are not produced in the USA.



https://www.ncbi.nlm.nih.gov/books/NBK294237/table/a006.T001.008/?report=objectonlyhttps://www.ncbi.nlm.nih.gov/books/NBK294237/table/a006.T001.007/?report=objectonlyhttps://www.ncbi.nlm.nih.gov/books/NBK294237/table/a006.T001.006/?report=objectonlyhttps://www.ncbi.nlm.nih.gov/books/NBK294237/table/a006.T001.009/?report=objectonly

Coal

		http://www.uky.edu/KGS/coal/coal-rank.php



http://www.uky.edu/KGS/coal/coal-rank.php

Limestone Filler

		Standard Roofing Limestone Specification 										TEST		Gardner Gibson -Blend Flux and Polymer		Roofing Manufacturer 

		US Std. Sieve		Tyler		Microns		Passing		Max										Asphaltic Limestone Powder		Filter 105 microns				Filter 44 microns

		20		20		841		100%												Unfiltered		100% asphalt/56-81% limestone passing				100% asphalt/37-60% limestone passing 

		40		35		501		97%		100%								Recycled Asphalt		32%		68%		53%		79%		65%

		50		48		297		93%		100%								Limestone		58%		32%		47%		21%		35%

		70		65		212		85%		97%		Filter (1		Target Coating Specifications - partially filled		Just Add Limestone to balance		Sand 		12%		0%		0%		0%		0%

		100		100		190		72%		95%								Balance with Virgin Flux		0%		50%		50%		50%		50%

		140		150		103		66%		89%		Filter (2						Asphalt		32%		78.3%		68.7%		85.7%		76.8%

		200		200		73		56%		81%		Ship Post-consumer pre-mix, polymer recycled asphalt at 8%						Limestone		58%		21.7%		31.3%		14.3%		23.2%

		270		270		53		45%		70%		recycled asphalt.  														79%		65%

		325		325		42		37%		60%																21%		35%

		Purity 						93-97%		CaCo3																0%		0%

		No more than .2-.3% calcium oxide as this can cause brittleness

		Budget						Tons		450,000		3,749,850						sqs

		Limestone						203,985		45%

		Asphalt						102,015		22.67%

		Backsurfacing Sand						22,500		5%

		Granules						162,000		36%

		Fiberglass						4,500		1%

		Purity 						93-97%		CaCo3

		No more than .2-.3% calcium oxide as this can cause brittleness

		SARA components

		Saturate, Aromatic, Resin and Asphaltene (SARA) is an analysis method that divides crude oil components according to their polarizability and polarity. The saturate fraction consists of nonpolar material including linear, branched, and cyclic saturated hydrocarbons (paraffins).











Sheet1

		Post Industrial														Post Consumer 

		Sieve Size #		Particle Size; mm		Cum. Wt; g		Wt.; g		%		Cum. %				Sieve Size #		Particle Size; mm		Cum. Wt; g		Wt.; g		%		Cum. %

		8		2.36		0		0								8		2.36		0		0

		10		2		0		0								10		2		0		0

		12		1.68		0		0								12		1.68		0		0

		14		1.41		0		0								14		1.41		0		0

		16		1.21		0		0		0.0%		0.0%				16		1.21		1.8		1.80		2.5%		2.5%		1.8

		18		1		0		0				0.0%				18		1		1.8		0				2.5%

		20		0.841		0		0				0.0%				20		0.841		1.8		0				2.5%

		30		0.595		3.1		3.1		4.2%		4.2%				30		0.595		4.1		2.3		3.2%		5.7%		2.304		4.104

		35		0.5		3.1		0		0.0%		4.2%				35		0.5		4.1		0		0.0%		5.7%

		40		0.42		11.5		8.4		11.5%		15.7%				40		0.42		6.65		2.55		6.5%		12.2%		2.556		6.66

		50		0.297		21.1		9.6		13.1%		28.9%		21.1		50		0.297		29.77		23.12		32.2%		44.4%		23.184		29.844

		60		0.25		21.1		0				28.9%		32		60		0.25		29.77		0				44.4%		29.77

		100		0.149		21.1		0				28.9%		73.1		100		0.149		29.77		0				44.4%

		120		0.125		21.1		0				28.9%				120		0.125		29.77		0				44.4%

		170		0.088		21.1		0				28.9%				170		0.088		29.77		0				44.4%

		200		0.074		32		10.9		14.9%		43.8%				200		0.074		56.12		26.35		36.6%		81.0%		26.352		56.12

		Pan 		0.053		73.1		41.1		56.2%		100.0%				PAN				69.8		13.68		19.0%		100.0%		13.68		69.8		82.47

						Total		73.1										Total				69.8		100%





Particle Size Distribution

				Sample Wt.; g		475.48														Sample Wt.; g		469.5

				Sample Volume; mL		650														Sample Volume; mL		650

				Avg Density; g/cm3		0.7315076923														Avg Density; g/cm3		0.7223076923

		Sieve Size #		Particle Size; mm		Cum. Wt; g		Wt.; g		Volume; mL		% Particulates		Cum. % Total Particulates				Sieve Size #		Particle Size; mm		Cum. Wt; g		Wt.; g		Volume; mL		% Particulates

		6		3.35		0		0		0		0						14		1.41		0.63		0.63		0.8722044728		0.1341853035

		7		2.8		0		0		0		0						18		1		0.82		0.19		0.2630457934		0.0404685836

		8		2.36		0		0		0		0						20		0.841		1.29		0.47		0.6506922258		0.1001064963

		10		2		0		0		0		0						25		0.71		3.03		1.74		2.4089456869		0.3706070288

		12		1.68		0		0		0		0						30		0.6		8.66		5.63		7.7944621938		1.1991480298

		14		1.41		0.44		0.44		0.6014974342		0.0925380668		0.0936%				35		0.5		20.96		12.3		17.0287539936		2.6198083067

		18		1		0.83		0.39		0.533145453		0.0820223774		0.1766%				40		0.425		38.58		17.62		24.3940362087		3.7529286475

		20		0.841		1.33		0.5		0.6835198116		0.1051568941		0.2829%				45		0.355		65.42		26.84		37.1586794462		5.7167199148

		30		0.595		9.09		7.76		10.6082274754		1.6320349962		1.9336%				50		0.3		101.99		36.57		50.6293929712		7.7891373802

		35		0.5		21.79		12.7		17.3614032136		2.6709851098		4.6352%				60		0.25		145.32		43.33		59.98828541		9.2289669862

		40		0.42		40.03		18.24		24.9348027257		3.8361234963		8.5152%				70		0.212		186.95		41.63		57.6347177849		8.8668796592

		50		0.297		106.04		66.01		90.238285522		13.8828131572		22.5569%				80		0.18		228.16		41.21		57.0532481363		8.7774227902

		60		0.25		156.92		50.88		69.5549760242		10.7007655422		33.3801%				100		0.15		378.23		150.07		207.7646432375		31.9637912673

		100		0.149		346.43		189.51		259.067678977		39.8565659965		73.6928%				120		0.125		434.16		55.93		77.4323748669		11.9126730564

		120		0.125		374.03		27.6		37.730293598		5.8046605535		79.5639%				140		0.106		445.75		11.59		16.0457933972		2.4685835996

		170		0.088		441.15		67.12		91.7556995037		14.1162614621		93.8417%				170		0.09		453.12		7.37		10.2034078807		1.5697550586

		200		0.074		454.59		13.44		18.3730125347		2.826617313		96.7007%				200		0.075		459.44		6.32		8.7497337593		1.346112886

		270		0.053		467.89		13.3		18.1816269875		2.7971733827		99.5299%				230		0.063		464.16		4.72		6.5346112886		1.0053248136

		325		0.045		470.04		2.15		2.9391351897		0.4521746446		99.9872%				270		0.053		466.13		1.97		2.7273695421		0.4195953142

		450		0.032		470.1		0.06		0.0820223774		0.0126188273		100.0000%				325		0.045		466.21		0.08		0.1107561235		0.0170394036

		635		0.02		470.1		0		0		0						450		0.032		466.21		0		0		0

		Pan		<.02		470.1		0		0		0						Pan		<0.032		466.21		0		0		0

						Total		470.1		642.6453268276		98.8685118196										Total		466.21		645.4451544196		98.0503911836



Cum. Wt	3.35	2.8	2.36	2	1.68	1.41	1	0.84099999999999997	0.59499999999999997	0.5	0.42	0.29699999999999999	0.25	0.14899999999999999	0.125	8.7999999999999995E-2	7.3999999999999996E-2	5.2999999999999999E-2	4.4999999999999998E-2	3.2000000000000001E-2	0.02	0	0	0	0	0	0.44	0.83	1.33	9.09	21.79	40.03	106.04	156.91999999999999	346.43	374.03	441.15	454.59	467.89	470.04	470.1	470.1	470.1	Wt; grams	

3.35	2.8	2.36	2	1.68	1.41	1	0.84099999999999997	0.59499999999999997	0.5	0.42	0.29699999999999999	0.25	0.14899999999999999	0.125	8.7999999999999995E-2	7.3999999999999996E-2	5.2999999999999999E-2	4.4999999999999998E-2	3.2000000000000001E-2	0.02	0	0	0	0	0	0.44	0.38999999999999996	0.50000000000000011	7.76	12.7	18.240000000000002	66.010000000000005	50.879999999999981	189.51000000000002	27.599999999999966	67.12	13.439999999999998	13.300000000000011	2.1500000000000341	6.0000000000002274E-2	0	0	Particle Size; mm





Weight; grams











% of Particulate	3.35	2.8	2.36	2	1.68	1.41	1	0.84099999999999997	0.59499999999999997	0.5	0.42	0.29699999999999999	0.25	0.14899999999999999	0.125	8.7999999999999995E-2	7.3999999999999996E-2	5.2999999999999999E-2	4.4999999999999998E-2	3.2000000000000001E-2	0.02	0	0	0	0	0	9.2538066795659124E-2	8.2022377387061488E-2	0.10515689408597631	1.6320349962143514	2.6709851097837971	3.8361234962564148	13.88281315723059	10.700765542188941	39.856565996466728	5.8046605535458831	14.116261462101457	2.8266173130310417	2.7971733826869714	0.45217464456970513	1.261882729031763E-2	0	0	Particle Size; mm





% 







Cum. Weight	1.41	1	0.84099999999999997	0.71	0.6	0.5	0.42499999999999999	0.35499999999999998	0.3	0.25	0.21199999999999999	0.18	0.15	0.125	0.106	0.09	7.4999999999999997E-2	6.3E-2	5.2999999999999999E-2	4.4999999999999998E-2	3.2000000000000001E-2	0.63	0.82	1.29	3.03	8.66	20.96	38.58	65.42	101.99	145.32	186.95	228.16	378.23	434.16	445.75	453.12	459.44	464.16	466.13	466.21	466.21	Wt; grams	1.41	1	0.84099999999999997	0.71	0.6	0.5	0.42499999999999999	0.35499999999999998	0.3	0.25	0.21199999999999999	0.18	0.15	0.125	0.106	0.09	7.4999999999999997E-2	6.3E-2	5.2999999999999999E-2	4.4999999999999998E-2	3.2000000000000001E-2	0.63	0.18999999999999995	0.47000000000000008	1.7399999999999998	5.6300000000000008	12.3	17.619999999999997	26.840000000000003	36.569999999999993	43.33	41.629999999999995	41.210000000000008	150.07000000000002	55.930000000000007	11.589999999999975	7.3700000000000045	6.3199999999999932	4.7200000000000273	1.9699999999999704	7.9999999999984084E-2	0	Particle Size; mm





Weight; grams









1.41	1	0.84099999999999997	0.71	0.6	0.5	0.42499999999999999	0.35499999999999998	0.3	0.25	0.21199999999999999	0.18	0.15	0.125	0.106	0.09	7.4999999999999997E-2	6.3E-2	5.2999999999999999E-2	4.4999999999999998E-2	3.2000000000000001E-2	0.13418530351437699	4.0468583599574004E-2	0.10010649627263048	0.37060702875399354	1.1991480298189565	2.6198083067092655	3.7529286474973369	5.716719914802983	7.7891373801916926	9.2289669861554842	8.8668796592119268	8.7774227902023458	31.963791267305648	11.912673056443026	2.4685835995740093	1.5697550585729507	1.3461128860489868	1.0053248136315287	0.41959531416399798	1.7039403620869878E-2	0	Particle Size; mm





% 









Product Patent TimeLine

		Priority		Filing 		Publication		Patent		Recycled Asphalt Roof Shingle End Markets 		Method 

				4/18/01				US6692669		ABC Supply Company		Methods and apparatus for recycling asphalt shingle material into composite board products

				4/15/97				US6039914		Future Tek		Method of converting asphalt composition roofing shingles into dimensional construction products 

































Method Patent TimeLine

		Priority 		Filing		Publication		Patent		Manufacturer		Method		Notes		Status

		5/30/78		5/23/79		5/23/79		US4269693		Anthony M. B. Hastie		Process for recovering bitumen from waste bituminous products 		Roofing Felt, density separation is disclosed

		11/6/78		11/6/78		9/16/80		US4222851		Dravo Corporation		Recovery of asphalt shingle components by solvent extraction		Solvent separation

		4/25/86		4/25/86		2/23/88		US4726846		Bird Incorporated		Method of reclaiming waste fiber reinforced asphalt sheet material and reclaimed products of such waste

		7/7/86		7/7/86		11/17/87		US4706893		ASTEC Industries		Method and apparatus for recycling roofing shingles as an additive to asphalt paving composition		Reduction of full shingle, no separation, added to paving 

		10/1/90		6/23/92		3/13/93		US5201472		ASTEC Industries		Method for preparing and storing a recyclable shingle material		Mix 15%-50% carrier aggregate to prevent agglomeration

		3/5/93		7/5/94		9/19/95		US5451003 A		Omann, James S.		Method for producing a reduced shingle material for use as a patch and paving matter

		3/5/93		3/5/93		1/31/95		US5385426 A		Omann, James S.		Apparatus, method and use for reduced shingles

		11/17/94		5/4/98		2/13/01		US 6186700 B1		James S Omann		Pavement method and composition with reduced asphalt roofing waste

		11/17/94		11/28/00		7/8/03		US 6588973 B1		Omann, James S.		Pavement method and composition with reduced asphalt roofing waste 

		11/17/94		5/4/98		2/13/01		US6186700 B1		Omann, James S.		Pavement method and composition with reduced asphalt roofing waste 

		12/2/96		12/2/96		12/15/98		US 5848755 A		Thomas Zickell		Asphalt material recycling system and method

		12/2/96		4/23/97		6/11/98		WO 1998024550 A1		Thomas Zickell		Asphalt material recycling system and method

		4/14/98		10/4/99		5/8/01		 US6228503 B1		Thomas Zickell		Recycled roofing material and method of manufacturing same

		4/14/98		4/14/98		9/19/00		US 6120838 A		Thomas Zickell		Method of manufacturing roofing materials utilizing reclaimed asphalt-based materials 

		10/10/01		4/28/09		7/3/12		US 8211528 B2		Owens Corning		Roofing materials having engineered coatings

		2/2/07		8/24/10		2/24/11		US20110041731 A1		John Joseph Lombard		Method of making an asphalt coating

		2/2/07		8/24/10		2/24/11		US20110041731 A1		Omann, James S.		Method Of Making An Asphalt Coating 

		3/14/08		3/9/09		3/29/11		US7913940		Harmon		Asphalt shingle recycling system and method

		3/14/08		3/11/11		5/15/12		 US8177152 B2		Thomas Harmon		Asphalt shingle recycling system

		11/26/08		4/30/08		3/4/14		US 8663418 B2		CertainTeed		Method of forming a roofing product including a ceramic base material and recycled roofing material

		7/31/09		6/25/14		12/25/14		US 20140373749 A1		Thomas Zickell		Asphalt material recycling system and method

		7/31/09		7/28/10		7/30/13		US 8496196 B2		Thomas Zickell		Asphalt material recycling system and method

		11/3/09		11/2/10		3/22/16		US 9290944 B2		CertainTeed		Laminated roofing product including recycled roofing material and method of forming the same 

		11/1/11		10/31/12		7/29/14		US8789773 B2		Crown Ironworks		Recycling process for discarded roof shingles 		Solvent separation

		1/31/12		1/31/13		12/30/14		US 8919681 B1		Jonathon Daniel Horton		Method for progressive separation and extraction of raw materials from residential roofing products 

		1/31/12		10/12/15		9/13/16		US 9440239 B1		Jonathon Daniel Horton		Method for progressive separation and extraction of raw materials from residential roofing products 

		1/31/12		2/26/14		10/13/15		US 9156035 B1		Jonathon Daniel Horton		Method for progressive separation and extraction of raw materials from residential roofing products 

		7/15/12		8/26/16		12/16/16		US20160362339 A1		Owens Corning		System and method for manufacturing asphalt products with recycled asphalt shingles		Removing granules, Attritor

		3/15/13		6/13/13		10/4/16		US9457354		GAF/Bldg Mat. Investment Corp		System and method for continuous processing of recyclable material 

		7/1/16		7/1/16		7/11/17		15201162		Jonathon Daniel Horton		Construction material transport container for new material delivery and used material removal

		5/5/17		5/5/17		Pending				Jonathon Daniel Horton		Method of Manufacturing Recycled Asphaltic
Limestone Powder Pellets and Shapes through Densification

												24480

												9600

												34080





Roofing Mfr Patent TimeLine

		Priority Date		Filing Date		Publication		Patent		Manufacturer		Method 		Notes		Status		Column1

		4/25/86		4/25/86		2/23/88		US4726846		Bird Incorporated		Method of reclaiming waste fiber reinforced asphalt sheet material and reclaimed products of such waste				Grant

		11/3/89		3/4/91		3/24/92		US5098025		Northern Globe Bldg Materials		Process for recycling as a whole asphalt containing waste products				Grant

		4/14/98		4/13/99		10/14/99		CA 2268855 A1		Northern Elastometric NEI		Recycled roofing material and method of manufacturing the same 				Application

		11/26/08		4/30/08		3/4/14		US 8663418 B2		CertainTeed		Method of forming a roofing product including a ceramic base material and recycled roofing material		5% granules, 2%, insolubles, gradation spec		Grant

		11/3/09		11/2/10		3/22/16		US 9290944 B2		CertainTeed		Laminated roofing product including recycled roofing material and method of forming the same 		Layered sheets with varying recycled content		Grant

		10/12/12		10/12/12		3/1/16		US9273228 B1		Gardner Gibson		Roof coating composition 		compositions and methods for making compositions, liquid roof coating products & roof cement products		Grant

						2/25/16		US9951224B2		Atlas		SYSTEM , METHOD , APPARATUS , MEANS , AND COMPUTER PROGRAM PRODUCT FOR RECYCLING ASPHALT SHINGLES		A system for producing an asphalt mix output suitable for use as an asphalt pavement is provided . The system may include a preliminary mixing unit configured to mix asphalt shingles with hot fluid asphalt		Grant		Russel

		3/15/13		6/13/13		10/4/16		US9457354		GAF/Bldg Material Inv Corp.		System and method for continuous processing of recyclable material 		Metering limestone into powders before asphalt coating		Grant

		7/15/12		8/26/16		12/16/16		US20160362339 A1		Owens Corning		System and method for manufacturing asphalt products with recycled asphalt shingles		Removing granules, introducing virgin asphalt into a slurry tank heated to a temperature between about 150-260° C. Attritor		Assigned to HERITAGE ENVIRONMENTAL SERVICES, LLC		Laurand Lewandowski

										Atlas						Grant

								fsd\





Timeline

				PROJECT TIMELINE



				PROJECT DETAILS

				DATE		MILESTONE		POSITION		BASELINE		Position Adjusted		Date adjusted		Milestone adjusted

				9/26/80		Dravo - Solvent Extraction patent		10		0		10		9/26/80		Dravo - Solvent Extraction patent

				11/17/87		ASTEC - Paving Industry patent		-5		0		-5		11/17/87		ASTEC - Paving Industry patent

				10/1/01		First CDRA Shingle Recycling  Forum		-10		0		-10		10/1/01		First CDRA Shingle Recycling  Forum

				3/11/11		Harmon Micronized powder patent		5		0		5		3/11/11		Harmon Micronized powder patent

				1/31/13		Horton Progressive Separation, Granules and Powder patent		10		0		10		1/31/13		Horton Progressive Separation, Granules and Powder patent

				7/30/13		Zickell Micronized Powder and Products patents		18		0		18		7/30/13		Zickell Micronized Powder and Products patents

				7/14/14		Crown Ironworks Solvent Extraction patent		25		0		25		7/14/14		Crown Ironworks Solvent Extraction patent

				12/16/16		GAF, CertainTeed, OC, ASR Horton Processing, Manufacturing & Products patents		-10		0		-10		12/16/16		GAF, CertainTeed, OC, ASR Horton Processing, Manufacturing & Products patents

				5/4/17		Horton Extraction, Separation & Densification patent		25		0		25		5/4/17		Horton Extraction, Separation & Densification patent









Project Timeline Tips:

The role of the Position values in the Project Details table is to prevent the Milestone labels from overlapping each other on the timeline. Use positive numbers to position labels above the timeline and negative numbers to position them below.

To add additional Milestones, either insert new rows within the table or start typing below the last table entry and the table will automatically expand to accommodate your newly added data. 

POSITION	

Harmon Micronized powder (RAS)	Zickell Micronized Powder (RAS) 	Crown Extraction (liquid)	ASRH/Horton powder (RAS)	ASRH/Horton powder (Asphaltic limestone powder 	&	 granules)	ASRH/Horton powder (Asphaltic limestone powder 	&	 granules)	10	60	20	40	20	60	DATE	40613	41485	42003	41305	42290	42626	0	0	0	0	0	0	

POSITION	

Dravo - Solvent Extraction patent	ASTEC - Paving Industry patent	First CDRA Shingle Recycling  Forum	Harmon Micronized powder patent	Horton Progressive Separation, Granules and Powder patent	Zickell Micronized Powder and Products patents	Crown Ironworks Solvent Extraction patent	GAF, CertainTeed, OC, ASR Horton Processing, Manufacturing 	&	 Products patents	Horton Extraction, Separation 	&	 Densification patent	10	-5	-10	5	10	18	25	-10	25	DATE	29490	32098	37165	40613	41305	41485	41834	42720	42859	0	0	0	0	0	0	0	0	0	



Waste to Energy Patents

		Priority Date		Filing Date		Publication		Patent		Manufacturer		Method 		Notes		Status		Column1

		11/17/00		11/17/00		8/27/02		US6439139 B1		Owens Corning		Method for recycling building materials		Lapsed		Grant

		11/17/00		8/22/02		2/13/03		US 20030029364 A1		Owens Corning		Method for recycling building materials				Application

		11/17/00		11/15/01		9/27/05		CA 2363387 C		Owens Corning		Method for recycling building materials				Grant

		11/17/00		3/22/04		9/19/06		US7107916		Owens Corning		Method for recycling building materials		Lapsed		Grant

		6/14/04		10/5/04		12/15/05		US20050274068 A1		Edward Morton		Bio-solid materials as alternate fuels in cement kiln, riser duct and calciner				Application

		Priority 		Filing		Publication		Patent		Manufacturer		Method		Notes

				11/17/00				US7107916		Owens Corning		Method for recycling building material





Waste Hauling



				Old Way 						Green Squares Recycling Bins

				24 Sq. 1 Layer Tear-Off -  6,000 Lbs.

				Dumpster Service Minimum Charge		$   399.00				Recycling Bin Rental Fee		$   199.00

				Waste Hauler Mileage		$   - 0				Waste Hauler Mileage		$   60.00

				Minimum charge includes 2 Tons 		$   - 0				Recycling by the Square		$8.00

				7 Days included		$   - 0				# of Squares		24

										Per Square Disposal Charge		$   192.00

				Dumpster Minimum Charge		$   399.00				Total		$   451.00				$   40.32

				Additional Per ton 		$   100.00				Additional Per ton 		none				$   1,612.80

				Additional Days		$   10.00				Additional Days		none

				Total		$   509.00				Total		$   451.00

										Roofer Savings 		11%



										Roofing Distributor Profit

										Fee Per rental		$   60.00

										Fee Per Square		$   1.00

										# of Squares		24

										Per Square Disposal Charge		$   24.00

										Revenue Per Turn		$   85.00

										Gross Profit %		18.8%

										# of Bins In Service		1

										turns per year		60

										Annual Revenue Per Bin		$   5,100

										Annual Revenue 16 bins 		$   81,600



										Roofing Distributor Cost of Goods

										Bin Rental Fee		$   150.00

										Waste Hauler Mileage		$   90

										Recycling by the Square		$   2.50

										# of Squares		24

										Per Square Disposal Charge		$   60.00

												$   300.00

										Gross Profit		$   151.00

										Gross Profit %		33.5%



										Gren Squares Cost of Goods

										Bin Rental Fee		$   50.00

				Paid directly to Waste Hauler						Waste Hauler Mileage		$   120

				Pd to Recycler or Landfill						Recycling by the Square		$   2.00

										# of Squares		24

										Per Square Disposal Charge		$   48.00

												$   218.00

										Gross Profit		$   233.00

										Gross Profit %		51.7%





















				Green Roofer Waste Audit						Green Roofer Waste Audit

				Assumptions						Assumptions

				Projects/Year:		50				Projects/Year:		50

				Squares per Project		24				Squares per Project		24

				Squares per Year		1,200				Squares per Year		1,200

				Tons/Year (6,000 lbs. average):		150				Tons/Year (6,000 lbs. average):		150

				Current Disposal Cost/Ton:		$   50.00				Current Disposal Cost/Ton:		$   50

				Landfill:		$   7,500				Landfill:		$   7,500

				Trip Labor  		$   2,500				Trip Labor  		$   2,500

				Fuel Per Project		$   1,205				Fuel Per Project		$   1,205

				Yearly Vehicle License, Ins. & Maintenance		$   5,000				Yearly Vehicle License, Ins. & Maintenance		$   5,000

				Truck Payment		$   12,000				Truck Payment		$   - 0

				Emergency fund		$   5,000				Emergency fund		$   - 0

						$   33,205						$   16,205

				Disposal Per Square		$   27.67				Disposal Per Square		$   13.50				$   108.04

				Labor Assumptions						Labor Assumptions						$   58.04

				Labor per hour		$   25				Labor per hour		$   25

				Hours per trip		2.00				Hours per trip		2.00

				Fuel Assumptions						Fuel Assumptions

				Average Trip Miles		75				Average Trip Miles		$   75

				MPG		7				MPG		7

				Fuel Per Gallon		$   2.25				Fuel Per Gallon		$   2.25

										Green Squares Bins

										# of Projects		50

										Squares per Project		24

										Squares per Year		1200

										Recycling Bin Rental Fee		$   9,950.00

										Waste Hauler Mileage		$   3,000.00

				Roof Recycling Bin		$311.00				Recycling by the Square		$   9,600.00

				Roof Recycling Bin Annual Cost		$   15,550				Roof Recycling Bin Annual Cost		$   22,550				$   150.33

				Savings		$   17,655.36				Savings		$   (6,344.64)				$   100.33

										Additional Benefits

				Rewards						Rewards

				Marketing Value						Marketing Value

				Driveway protection						Driveway protection



										200		30000



Roofer Who Owns his Own Equipment 

Yearly Waste Disposal Budget $33,250 















Landfill:	Trip Labor  	Fuel Per Project	Yearly Vehicle License, Ins. 	&	 Maintenance	Truck Payment	Emergency fund	7500	2500	1205.3571428571427	5000	12000	5000	



Green Squares Recycling Bins $15,550 



Recycling Bin Rental Fee	Waste Hauler Mileage	Recycling by the Square	9950	3000	9600	



Roofer With Waste Disposal Equipment 

Yearly Waste Disposal Budget $33,250 



Landfill:	Trip Labor  	Fuel Per Project	Yearly Vehicle License, Ins. 	&	 Maintenance	Truck Payment	Emergency fund	7500	2500	1205.3571428571427	5000	12000	5000	





Manufacturing plants - Location
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USA Roofing Market
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S2SOURCE: Asphalt Roofing Manufacturers Association Quarterly Shipping Report https://www.asphaltroofing.org/arma-releases-third-quarter-2023-report-on-

asphalt-roofing-product-shipments/

The roofing market’s
annual sales directly
relate to waste stream
created.

82.8% of all roofing
sold since 2000 in the
USA is replacement
roofing, creating
waste.


https://www.asphaltroofing.org/arma-releases-third-quarter-2023-report-on-asphalt-roofing-product-shipments/
https://www.asphaltroofing.org/arma-releases-third-quarter-2023-report-on-asphalt-roofing-product-shipments/

Waste Stream Analysis

2023 National| Estimated | Estimated
State Estimated [Sqs. per|Market Size |Disposal in
Population | capita in Sgs. Tons
Massachusetts 7,029,917 | 0.48 3,371,260 | 296,671
Connecticut 3,605,944 | 0.48 1,729,263 | 152,175
New Hampshire 1,377,529 0.48 660,607 58,133
Maine 1,362,359 | 0.48 653,332 57,493
Rhode Island 1,097,379 | 0.48 526,258 46,311
Vermont 643,077 | 0.48 308,393 27,139
TOTAL 15,116,205 637,922
*Notes:

2023 Estimate source https://data.census.gov/
Squares per capita calculated based on national Asphalt Roofing Manufacturer's Association shipping reports
Disposal in tons rate based on 20% new construction and 220 Ibs. per sq. waste ( (Mkt Size X 220IlbsX 80% remodeling)/2000

42021 Survey Asphalt Pavement Industry Survey Recycled Materials and Warm Mix Asphalt usage Published December 2022
Page 24, Figure 9: Comparison of Tons of RAS Accepted and Tons of RAS Used or Landfilled (Million Tons), 2009-2021. Processed RAS Acceptance First Tracked in

2015

In 2017 the HMA plants accepted
.935% Millions tons and purchased
.311 tons of RAS.

In 2021, the HMA Plants accepted
.395 Million tons and purchased
.385 tons of RAS.

RAS main use is in Hot and Warm
Mix Asphalt.

The trend is for the HMA plant to
purchase processed materials
versus accepting waste shingles at
the



USA Recycling Rate

Estimated Annual Roofing Waste
Calculated from ARMA Sales Statistics
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asphalt-roofing-product-shipments/ and 2021 Survey Asphalt Pavement Industry Survey Recycled Materials and Warm Mix Asphalt usage Published December

2022

The estimated annual roofing
waste increased 40% from its low
in 2014 of 10M tons.

The recycled rate fluctuation is the
result of new roofing sales and


https://www.asphaltroofing.org/arma-releases-third-quarter-2023-report-on-asphalt-roofing-product-shipments/
https://www.asphaltroofing.org/arma-releases-third-quarter-2023-report-on-asphalt-roofing-product-shipments/




<3/ 87 RAS

Description
* Full Shingle reduced to top size 3/8”
* Established use since Brock first published in 1996

Equipment
o Backhoe
Front end loader
Sorting Stand
Single Pass Processing Equipment (w/water)

© O O O

Trommel screen

Recycling Center

o Job Trailer

o Weigh scale

o Contractor friendly paved tipping facility and locations

o Processing does not have to be paved... but it is easier to manage nail
clean-up

Photo Courtesy of Construction and Demolition Recycling Association https://www.cdrecycling.org/



https://www.cdrecycling.org/

Loading Full Size Shingles
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Recyclers typically choose
backhoes for loading
processing equipment and
front-end loaders for moving
finished RAS.
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Photo Courtesy of Dan Horton, ASR Systems, Connecticut Facility www.asrsystems.net



http://www.asrsystems.net/

Horizontal Shredder (60tph)

Asphalt Shingle Recycling - How to do it and whg? e

T

I e
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Photo Courtesy of Atascosa Recycling, Ronald Becker https://atascosarecycling.com/ https://www.youtube.com/watch?v=9LFZvsfJr9E



https://atascosarecycling.com/
https://www.youtube.com/watch?v=9LFZvsfJr9E
https://www.youtube.com/watch?v=9LFZvsfJr9E

(40-60tph)
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Crushing
processing equipment
manufacturers have

specialized in shingle
grinding equipment.
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outdoor/indoor
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Roofing Shingle Raw Materials

<3/8” RAS is a Combination of

aggregates plus 20-22% Asphalt Asphalt Shlngle Raw Materials

* Introduced by HMA producers as
an aggregate

* Use of RAS is primarily measured
by its asphalt properties

* |nthe most common mix design,

Superpave®, RAS is approved in

some states for use from 0-5% of

mass V4
* Key specification measures Limestone _J/

percentage of mass and

Reclaimed Binder Ratio (RBR) as

material is often used in

conjunction with RAP
* Past mix designs focused on high

temperature distress (rutting) Asphalt, 21%__—
* Low temperature distress or

cracking was not addressed in

Superpave designs®

SCourtney Rice —Senior Engineer, Owens Corning, Recycling with Balanced Mix Design, October 2022 presentation at the CDRA Shingle Recycling Forum

Silica <8
~___mesh/>30 mesh

Silica <30 mesh

—___ Self Seal

Flberglass Mat



Recycled Roofing Shingle Binder

Performance based testing
e AASHTO PP78-17 (2017) Federal Highway
Administration removes binder availability

Comparison of High Temperature Grade of Binders and Delivered
Temperature of HMA/WMA

factor
: - . P Waste Willis (201
* Arbitrary - minimum voids in mineral aggregate ost Consumer Waste Willis (2013)
(VMA)’ should be increased by 0.1 percent for Post Consumer Waste NCAT (2014)
every 1 percent RAS by weight of total
aggregate. Post Consumer Waste MO IA ST, Williams (2013)

* Calls for low-temperature binder testing on Post Consumer Waste IL IA ST, Williams (2013)
the recovered binder.

Post Consumer Waste fine grind IA IA ST, Williams (2013)

Performance Testing

* Inlieu of blended asphalt binder testing for
ATc, an agency can implement a performance Post Consumer Waste MN IA ST, Williams (2013)
test for cracking. The ATc criteria is presented
with two allowable methodologies

* An agency develops a statewide or regional Manufactured Waste NCAT (2014)
RAS Binder Ratio (RASBR), or

* Allowable RAS usage is determined on a
mixture-by-mixture basis.

Post Consumer Waste IN IA ST, Williams (2013)

Manufactured Waste Willis & Turner (2016)

WMA Finished Product - Ready to Ship @ 93-121°C (200-250°F)

Virgin Binder 52-76°C (126-169°F)
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Identified in M 323. Voids in the mineral aggregate (VMA) are the void spaces between the aggregate particles of the compacted mix. This void space
includes the air voids and the effective asphalt content.



Balanced Mix Design

TOP RAS Users
e 37.6% of RAS use in 2021 is in
lllinois and Texas

HMA References

e AASHTO PP 78 —Provisional
Standard Practice for Design
Considerations When Using
Reclaimed Asphalt Shingles (RAS) in
Asphalt Mixtures

* NAPA IS-143 — Balance Mix Design
Resource Guide

Table 1. Summary of State-of-the-Practice on BMD Implementation

27.4% of RAS
Use in 2021

Approach A

10.2% of RAS
Use in 2021

llinois

High ESAL mixtures

-FIT

Performance Testing for
Production Acceptance?

Yes, HWTT for “Pass/Fail’”

L ouisiana

Wearing and binder
course mixtures

SCB-Je

Yes, “Pass/Fail”

New Jersey

Specialty mixtures

QT, BBF

Yes, “Pass/Fail” or Pay Adjustment

Texas

Surface mixtures

OT, IDEAL-CT

Yes, “Pass/Fail”

Vermont

Superpave Type
VS mixtures

-FIT

Yes, PWL

Approach Aand D

Virginia

Surface mixtures

Cantabro, IDEAL-CT

Yes, “Pass/Fail”

Approach C

California

Long-life
pavement mixtures

BBF, I-FIT

Yes, HWTT for "Pass/Fall”

Missour

Mainline
pavement mixtures

I-FIT, IDEAL-CT

Yes, HWTT for “Pass/Fail®, I-FIT &
IDEAL-CT for Pay Adjustment

Oklahoma

Superpave mixtures

IDEAL-CT

No

Alabama

Superpave mixtures

AL-CT

Yes, “Pass/Fail”

Tennessee

All mixtures

IDEAL-CT

To be determined



ASPHALTICA PELLET IS A NOVEL WAY TO INTRODUCE RECYCLED ASPHALT SHINGLES
(“RAS”) INTO PAVING WHILE ADDRESSING KEY TECHNICAL CHALLENGES

Challenges of Conventional “Grind Only” RAS Asphaltica Pellet Solution
Grinding / Agglomeration: Operational Challenges at Asphalt Plant:
X Ground shingles typically compact into large clumps '/ Modification of asphalt from patented process that results in a

performance grade asphalt allow reduction of virgin asphalt

Operational Challenges at Asphalt Plant:
3 3 2 Pellets blend into hot mix asphalt in normal plant operation.

X Feed rate is not always consistent
X Pellets entrap the fiberglass dust reducing worker exposure

X Asphalt in end-of-life shingles is too oxidized for hot mix

asphalt Pellets store and feed similar to gravel. No agglomeration.

Pellets feed at a consistent rate in standard reclaimed asphalt

X Asphalt in RAS does not liquefy in normal hot mix process
3 iy 3 pavement ("RAP") feeders

X Airborne fiberglass dust creates a potential for worker

exposure issues Capable of long-term storage. Pellets can be produced in or off-

season, any time of year.

® N MR NN

Asphaltica pellets are highly water resistant and can be used in
variable climate conditions

Asphaltica process can utilize 100% post-consumer, 100% post-industrial and ratios with a mix of the two

Hcertainteed

SAINT-GORAIN

1 CERTAINTEED LLC






Processing Technologies

RAS for Roads

Most Popular Processing
Method

Full size shingle
Mechanically reduced to
1-stream of raw materials

i |
ASRH, GAF, Zickell &
Harmon Technology

Micronize or Processes to
two streams of raw
materials

High asphaltic content
powder

May match well with GTR
technologies

Crown, Horton,
Northstar, Sky Quarry
and CRS chemical

separation technology

Reduction first, then
liquid/solid separation
using solvents.

Chemically separates RAS

Two Streams of Raw
W EIEIES

Liquid Asphalt &
Solids




Circularity Initiatives

Recycled Content Initiatives N Q

{} > Company > Newsroom > News Releases > News Release

NEWS RELEASE

WE RESIDENTIAL ROOFING COMMERCIAL ROOFING BUILDING SCIENCE IN YOUR

e Asphalt Roofing Manufacturers

CULTURE AND VALUES
© OUR PRINCIPLES

Association members commit to hn— |

February 09, 2023 | Malvern, Pennsylvania United States SAINT-GOBAIN IN NORTH ReCyCIed Shlngies are Keeplng

. . SAINT-GOBAIN ACQUIRES ASPHALT AMERICA Asphalt Out of Landfills
(o) (o) .

diversion Of 50% by 2035 and 100 % SHINGLE RECYCLING TECHONOLOGY, e e v —

ADVANCING ITS COMMITMENT TO WASTE . Lo Lasoratory B Karen L Eards 12:17:2022
by 2050 REDUCTION

- * DIVERSITY & INCLUSION
:1 Certa I nteed * EMPLOYEE RESOURCE GROUPS
© APAN NETWORK
SAINT-GOBAIN

ARMA Releases Statement on Recycling Asphalt Roofing Materials

* Learnings from circularity

© EARLY CAREER NETWORK
LGBTQ NETWORK

°

. . . .
technologies will likely spill over to ASPHALTICA S —
© WOMEN'S NETWORK
ASPHALT INNOVATIONS © LEAD NETWORK Media Contact
. .
other industries. &
CORPORATE SOCIAL . . y 5
Saint-Gobain North America, through its building products subsidiary RESPONSIBILITY Amie Goscinski ASPHALT ROOFI NG
CertainTeed Roofing, has acquired the rights to technology from . - . L
i iner A y hat :\ il all gth ‘gy | © SUSTAINABILITY a8 ARMA Director of Marketing & Communications MANUFACTURERS ASSOCIATION
recyeiing pariner Asphatica fat wil allow the company fo recycie ° :5;’;;'];’:::1‘;?“ In March 2022, the first-ever roof constructed from shingles partly composed of recycled asphalt was installed on 1443) 640-1075 x1144 inski@asphalroofs
asphait Shlng\e w.aé!e, diverting it from _Ia"dﬁ" and furth?rlng he a Florida home. The groundbreaking shingles were developed by GAF using recycled asphalt shingle (RAS) ( - ) : oX ‘ agoscmski@aspha troo mng.org
company's commitment o creating a circular economy i s © PROGRAMS FOR i e N NG g e o il o S W
production of roofing shingles. o COMMITMENTS TO What's New for the Home, and by East Company as one of the "Next Big Things in Tech" in the "Sustainabilty” Forest Hill, MD (May 10, 2022) — The Asphalt Roofing Manufacturers Association (ARMA) Board of Directors
. . N . . SUSTAINABILITY category, bringing "some welcome circularity to the roofing economy” by allowing new shingles to be made using .
The proprietary technology from Asphaltica will allow Saint-Gobain to i i i f i ials:
proprietary 9y P .+ OUR FOUNDATION il veckibriot oo dit Ghes announced that it has adopted a position on the recycling of asphalt roofing materials:

pelletize both post-industrial and post-consumer shingle waste. This
process creates pellets out of ground shingles that blend well in hot ¢ YOUTHBUILD PARTNERSHIP

; ina mi o BUILDING OUR FUTURE . ARMA Statement on Recycling of Asphalt Roofing Materials
mix asphalt and are an ideal component in an asphalt paving mix. In An Environmental Game-Changer

The industry goals are to reduce landfill disposal of asphalt-based roofing materials to 50% by 2035 and to approach
Creating a sustainable shingle 0% by 2050

, director of sustainability for Owens Corning, discusses the company’s
recently launched shingle recycling facility in Indianapolis.

To accomplish these goals, ARMA will foster and promote responsible, economically feasible, and sustainable

circular economy options to recycle asphalt-based roofing materials and enhance the long-term viability of asphalt
- Northstar approved for award of up to $7,088,856 of a total of $50 million committed by ERA as part of its ‘Circular Economy
Challenge’ launched in March 2022

a roofing as the preferred roofing material.

Photo from C&DR “ARMA recognizes that industry initiatives are best achieved when there are common goals, especially in efforts
oto from

- 7,088,856 in funding for Northstar’s Empower Calgary Facility represents 100% of Northstar’s request to ERA photo archives involving sustainability and recycling,” stated Reed Hitchcock, ARMA Executive Vice President. “Increased recycling
VANCQOUVER, British Columbia — February 13, 2023 — Northstar Clean Technologies Inc. (TSXV: ROOF, OTCQB: ROOOF) (“Northstar” or the
“Company”) is pleased to announce that Northstar's planned scale up facility in Calgary, Alberta (the “Empower Calgary Facility”) has been

approved for a non-repayable government grant of up to approximately $7.1 million by Emissions Reduction Alberta (‘ERA"), an Alberta-based

government entity funded by the Government of Alberta.

ALEX KAMCZYC | JANUARY 26, 2023 of asphalt roofing materials will further improve our industry’s circularity and overall environmental footprint.”

Last year, Owens Corning, a Toledo, Ohio-based construction materials company, launched a recycling ARMA’s vision and mission is to be an association committed to the long-term sustainability of the asphalt roofing
pilot facility for asphalt shingles in Indianapolis. The company says the pilot will drive its work to
reclaim asphalt shingle components and repurpose the raw materials into new shingles.

industry and to advocate and advance the interests of the asphalt roofing industry by leveraging the collective expertise

of its members.

Mr. Aidan Mills, President &CEO and Director of Northstar, stated, “As a sustainable clean technology company, we are beyond excited that ERA . . . . .
The pilot was launched with ASR Systems, a producer of recycled asphalt shingles based in Barrington,

has selected our Company for funding of up to approximately $7.1 million in non-repayable government grants. We applied for $7,088,856 for
funding the Empower Calgary Facility and we have been approved for 100% of our request. We believe in ERA’s long-term mandate to reduce
GHG emissions and grow Alberta’s economy by accelerating the circular economy and the development and adoption of innovative technology
solutions. We are thankful to ERA for its support towards fulfilling our mission of becoming a leader in the recovery and reprocessing of asphalt
shingles in North America and we look forward to our partnership and collaboration.”

Mr. Justin Reimer, CEO of ERA, stated, “A more sustainable, diversified provincial economy requires using our resources more wisely, we need to
think about waste as a resource rather than a cost. Northstar's technology will divert end-of-life asphalt roof shingles from Alberta’s landfills and
turn them into valuable products, delivering economic and environmental benefits in the process. It establishes a circular economy approach that, if
successful, could be exported and deployed across North America.”

The lead applicant organization is Empower Environmental Solutions Calgary Ltd., a wholly owned subsidiary of Northstar, and the net proceeds
received by the Company from the government grant will be used to further design, construct and commission the Empower Calgary Facility.

Rhode Island; CRS Reprocessing Services, an industrial fluid and solid material management company
based in Louisville, Kentucky; and Indiana Shingle Recycling, based in Indianapolis. Owens Corning
says its goal is to recycle 2 million tons of shingles annually in the U.S. by 2030.

Construction & Demolition Recycling recently spoke with Mark Leo, Owens Corning’s director of
circular economy, about the pilot program, the partnership that made it possible and the company’s
circular economy goals.

C&DR: Can you explain what the pilot project seeks to do?

Mark Leo (ML): Owens Corning, with ASR Systems and CRS Reprocessing Services, is piloting a way
to break down shingles into their components and utilize those components to produce new shingles and
other products. While this work has been proven at a lab scale, the construction of the pilot on the
grounds of Indiana Shingle Recycling is the next step toward commercialization.

While this work has been proven at [a] lab scale, the construction of the pilot on the grounds of Indiana

For more information about ARMA, visit asphaltroofing.org.
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RAS as an FDR Mechanical Stabilizer

Introduction or Problem Statement

The use of recycled asphalt shingles (RAS) in transportation infrastructure has
been extensively studied throughout the United States and elsewhere. An
impediment in the use wide-spread use of RAS in asphalt concrete has been the
increased premature cracking potential of such mixtures due to the aged and
brittle nature of asphalt binder in RAS. This has resulted in restrictions on RAS
usage in hot- and warm-mixed asphalts by many agencies. The Vermont state
law (10 V.S.A. § 6605m) requires that asphalt shingles, predominantly generated
as “Architectural Waste”, be recycled. Due to concerns associated with their
usage in asphalt concrete layers of pavement structures, their use within lower
pavement layers needs to be explored.

The use of full-depth reclamation (FDR) for the rehabilitation of flexible
pavements is preferred by many transportation agencies, including VTrans, due
to cost and environmental benefits. Both are usually realized due to the “in-place”
nature of the FDR process that does not require large quantities of materials to
be transported off-site which in turn lowers costs and fuel usage as well as
associated emissions. Often Portland and other hydraulic cements, emulsified
asphalt, foamed asphalt and combinations of these materials are used as
stabilizing agents in FDR to improve its structural contribution to the pavement
and improve longevity of roadways using it. Most of the stabilizing agents used in
FDR have high costs and carbon footprints. Due to the presence of asphalt
binder, fibers and aggregate, RAS has potential to provide a degree of
mechanical stabilization to the FDR layers. If RAS can be used to achieve similar
stabilizing effects as non-recycled products, the lower costs and high
environmental benefits of FDR can be further improved and simultaneously use
of RAS in pavement infrastructure can be realized without performance concerns.
To realize this goal of using RAS in FDR, two critical questions will be addressed
in this research: (1) Can RAS be utilized in “as-is” condition from when it is
generated as architectural waste or is there need for processing it to resize it? (2)
Does RAS provide mechanical stabilization effects to FDR?.

Left: As produced arch'rlecturai waste shingle; Right: resized processed
waste shingles [image sources: Wisconsin Dept of Natural Resources and
North Carolina Department of Environment Quality]

Methodology or Action Taken

This research study will undertake a laboratory experimental campaign and
corresponding analysis to determine whether RAS can be utilized in “as-is” or
resized condition to serve as stabilizing agent within FDR. This question is critical
to answer since additional processing steps would have cost and logistics
implications with respect to usage of RAS. A hypothesis is that the FDR process
can provide some crushing effort towards breakdown of waste shingle sheets. To
evaluate this hypothesis and to determine feasibility of using RAS in FDR an
assessment is necessary to determine constructability of FDR stabilized using
RAS, specifically in terms of compactability. This study wil develop
recommendations for determining suitable dosage of RAS that can be
accommodated within FDR to realize appreciable mechanical stabilization
effects. Further, it will also explore the use of recycling agents to provide additional
stabilizing effect of RAS. Lastly, to quantify the stabilizing effects of RAS, the
outcomes of laboratory characterization will be used in a pavement design and
analysis system to determine life cycle cost benefits.

The laboratory experimentation effort will conduct mechanical characterization of
RAS-stabilized FDR along with unstabilized control materials through
measurement of resilient modulus and shear strength measurements. RAS will
be evaluated for environmental contaminants, specifically, for PCB, PFAS, and
PAH, including the use of Synthetic Precipitate Leaching testing (SPLP).

Conclusions or Next Steps

This projectis at its initiation stage, the very immediate next step will be to conduct
a comprehensive review of literature, develop experimental designs and sample
materials from VTrans FDR projects for use in laboratory characterization.

Potential Impacts and VTrans Benefits

Results of this study will be in the form of recommendations for VTrans to revise
FDR construction and material specifications to include RAS. The research
results will also provide VTrans with quantitative measures associated with
mechanical stabilization potential of RAS in FDR. Further, as a first step to
implementation of using RAS in FDR, VTrans will have informaiton on optimal
dosages as well as lab procedures that should be used to validate the dosage
amounts. As an added outcome, this project will provide recommendations on
suitable roadway rehabilitation candidate projects where RAS stabilized FDR
would provide positive life cycle cost and pavement performance benefits.
Ultimately, the results of this project will enhance the understanding of the risks
or benefits associated with utilizing recycled products in FDR layers and their
potential to impact pavement performance. This will ensure VTrans has the
information needed to make prudent decisions regarding their asphalt
pavements, as they strive to develop treatments that require less frequent
maintenance and/or rehabilitation while lowering life cycle costs. The research
project will conduct preliminary life cycle cost analyses comparing pavements
rehabilitated using unstabilized FDR with those using RAS stabilized FDR. This
research will also provide VTrans with a better tool to evaluate new materials and
additives (e.g. recycling agents) resulting in improved materials. Use of RAS in
FDR will allow VTrans to support Vermont's initiatives towards recycling
additional construction waste materials and open up a new market for RAS in
areas where inclusion in HMA is limited.
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Biden-Harris Administration Announces $100
Million in Grants to Support Manufacturers of
Cleaner Construction Materials as Part of
Investing in America Agenda

EPA seeking grant applications to support the development, standardization,
transparency, and reporting criteria for Environmental Product Declarations that will
expand market access to lower carbon construction materials

September 28, 2023

Contact Information
U.S. EPA Press Office (press@epa.gov)

WASHINGTON - Today, the U.S. Environmental Protection Agency (EPA) announced the availability of $100 million in grants to support
efforts to report and reduce climate pollution linked to the manufacturing of construction materials and products, which account for
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