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SB 334 (2017) — Overview

 Conduct a detailed feedstock inventory related to biogas and renewable natural gas (RNG) resources
within the state of Oregon. Look at feedstock potential for gas production. Technologies include
anaerobic digestion and thermal gasification.

e Examine existing biogas / Renewable Natural Gas sites and their supply chains.

e Estimate GHG emission and air pollution improvements based on using RNG as stationary fuel and
transportation fuel.

e Form an Advisory Committee to specifically provide input on barriers to developing and utilizing
biogas and renewable natural gas and to provide recommendations to the department on policy to
promote RNG production and use.
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Fuel Production Pathways

Anaerobic Digestion
Agricultural Manure
Landfills
Municipal Wastewater
Waste Food

Thermal Gasification
Forest Harvest Residuals
Agricultural Harvest Residuals

Other Near-Commercial Technologies
Power-to-Gas
PyroCatalytic Hydrogenation
Hydrothermal Liquefaction

See pages 2 and 7 in the report
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Methane Potential of Digestible Feedstocks

Methane Potential of Digestible Feedstocks (m3/metric ton VS)

Food Processing Waste

Slaughter House Waste
Catering Food Waste

Household Food Waste

These values represent
theoretical laboratory results.

Brewery/Distillery

Chicken Manure

Many variables are involved
In actual gas production.

Retail Food Waste

Beef Cattle Manure

Municipal Sewage Sludge

Dairy Manure
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AD Pathway: Municipal Wastewater

GOLD BEACH
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Total Biogas Production Using Calculated Column

Total Biogas Production Using Metered Column

Figures (scf/yr) Figures (scf/yr)
Metered Metered
Calculated Calculated Calculated Metered At 60% At65%
At 55% Methane At60% Methane At65% Methane At 55%a Methane Methane
County _|(scf/yr) (scf/yr) (scf/yr) (scf/yr) (scf/yr) (scf/yr)
Baker 3,626,281 3,955,942 4,285,604 3,546,160 3,868,539 4,190,917
Benton 21,535,853 23,493,658 25,451,463 21,060,033 22,974,582 24,889,130
Clackama
s 77,213,377 84,232,775 91,252,173 75,507,400 82,371,709 89,236,018
Clatsop 3,569,448 3,893,943 4,218,439 3,490,584 3,807,909 4,125,235
Columbia 4,854,596 5,295,923 5,737,250 4,747,337 5,178,913 5,610,489
Coos 9,685,359 10,565,846 11,446,334 9,471,368 10,332,401 11,193,435
Curry 2,418,131 2,637,962 2,857,792 2,364,705 2,579,678 2,794,651
Deschute
s 28,476,752 31,065,548 33,654,344 27,847,578 30,379,176 32,910,774
Douglas 10,789,010 11,769,829 12,750,648 10,550,634 11,509,782 12,468,931
Hood
River 2,916,791 3,181,954 3,447,117 2,852,346 3,111,651 3,370,955
Jackson 80,188,834 87,478,728 94,768,622 78,417,116 85,545,945 92,674,774
Josephine 13,615,969 14,853,784 16,091,599 13,315,133 14,525,600 15,736,066
Klamath 7,982,217 8,707,873 9,433,529 7,805,856 8,515,479 9,225,102
Lane 96,651,928 105,438,466 114,225,005 94,516,469 103,108,875 111,701,282
Lincoln 3,177,120 3,465,950 3,754,779 3,106,924 3,389,372 3,671,819
Linn 29,463,071 32,141,533 34,819,994 28,812,105 31,431,387 34,050,670
Malheur 4,203,772 4,585,933 4,968,094; 4,110,893 4,484,610 4,858,328
Marion 95,865,439 104,580,479 113,295,519 93,747,357 102,269,844 110,792,332
Multnom
ah 297,681,337 324,743,277 351,805,216 291,104,271 317,568,295 344,032,320
Polk 5,708,917 6,227,909 6,746,902 5,582,782 6,090,308 6,597,834
Umatilla 12,787,314 13,949,797 15,112,280 12,504,787 13,641,586 14,778,385
Union 4,856,429 5,297,923 5,739,417 4,749,130 5,180,869 5,612,608
Wasco 5,362,422 5,849,915 6,337,408 5,243,943 5,720,665 6,197,387
Washingt
on 200,509,117 218,737,218 236,965,320 196,079,005 213,904,269 231,729,733
Yambhill 20,952,862 22,857,668 24,762,473 20,489,923 22,352,643 24,215,363
STATE
TOTAL: 1,044,092,347 1,139,009,833 1,233,927,319 1,021,023,838 1,113,844,187 1,206,664,536

S )
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in annual cubic feet of

methane

Total Potential Annual CH, = 1.2 billion scf




AD Pathway: Landfill

Not Collecting LFG

Energy Production from LFG
Flaring LFG

Food Waste - Energy Production |
Cities

ODEQ Materials Management Program
Data ODOE Landfill Operator Survey Data
Annual Cubic Feet of Annual Cubic Feet of Annual Cubic Feet of Annual Cubic Feet of
Modelled Methane Reported Methane  Methane at 50% Methane at 55%

Collected Collected Methane Content ~ Methane Content
891,581,363.62 288,804,727.66 525,600,000 578,160,000
1,526,004,295.01  445,316,612.52 1,681,920,000 1,850,112,000
- 66,399,284.76 N/A N/A
757,038,848.65 93,530,996.66 451,945,000 497,139,500
382,689,204.86 102,758,665.57 Unknown Unknown
304,764,113.89 - 252,288,000 277,516,800
146,489,192.32 67,083,332.84 210,765,600 231,842,160
961,658,108.59 256,546,737.90 762,120,000 838,332,000
255,772,748.86 180,862,626.58 9,900,000 10,890,000
- 50,651,165.32 Closed Closed
515,355,662.50 222,391,219.33 6,250,000 6,875,000
54,886,805.40 2,731,977.90 42,213,600 46,434,960
161,613,317.25 87,230,221.17 12,500,000 13,750,000
- 147,510,475.98 Unknown Unknown
5,957,853,661 2,011,818,044 3,955,502,200 4,351,052,420

in cubic feet of
annual methane

in cubic feet of
annual methane

Total Potential Annual CH, = 4.4 billion scf

in cubic feet of
annual methane

in cubic feet of
annual methane



AD Pathway: Agricultur

al Dairy Manure

otential
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Manure

Volatile Solids

Methane Potential

Gross Manure

Capturable Manure

Gross Volatile Solid

Capturable Volatile Solid

Annual Cubic Feet of

Annual Cubic Feet of Methane

County Produced Methane Potential from Potential from Capturable
erlueed (/i (ratlisee (Tt (Ibs/AU/day) Arel e Tl k) Gross Volatile Solids Volatile Solids

BAKER - - - - - -
BENTON 87,962,242 80,283,028 10,198,983 9,222,969 39,164,096 35,416,202
CLACKAMAS 91,783,032 60,380,837 11,155,878 6,988,244 42,838,572 26,834,859
CLATSOP 77,698,056 28,349,626 9,440,570 3,349,573 36,251,788 12,862,361
COLUMBIA 8,956,959 3,855,845 1,101,315 462,641 4,229,048 1,776,540
COo0s 195,588,602 97,579,704 23,851,690 11,478,224 91,590,488 44,076,380
CROOK 1,665,872 245,581 198,722 28,833 763,094 110,719
CURRY - - - - - -
DESCHUTES 17,242,144 9,734,625 1,907,125 1,044,959 7,323,360 4,012,642
DOUGLAS - - - - - -
GILLIAM - - - - - -
GRANT - - - - - -
HARNEY - - - - - -
HOOD RIVER - - - - - -
JACKSON 9,530,439 5,621,186 1,120,506 638,371 4,302,744 2,451,346
JEFFERSON 12,533,124 4,355,240 1,488,361 462,084 5,715,304 1,774,402
JOSEPHINE 88,264,820 56,470,578 10,788,004 6,827,734 41,425,935 26,218,499
KLAMATH 361,005,183 309,681,371 44,938,670 37,510,529 172,564,494 144,040,430
LAKE - - - - - -
LANE 140,923,890 133,644,583 16,638,060 15,659,804 63,890,149 60,133,647
LINCOLN - - - - - -
LINN 164,627,857 115,568,991 20,429,725 14,527,676 78,450,145 55,786,277
MALHEUR 193,806,731 178,410,747 23,918,339 21,817,613 91,846,421 83,779,634
MARION 689,274,450 600,225,612 84,568,547 73,089,849 324,743,221 280,665,019
MORROW 2,193,859,287 2,193,859,287 253,509,870 253,509,870 973,477,902 973,477,902
MULTNOMAH 1,361,222 857,756 150,563 94,875 578,160 364,320
POLK 258,192,012 253,176,449 31,472,079 30,854,104 120,852,785 118,479,757
SHERMAN - - - - - -
TILLAMOOK 1,449,499,134 1,021,469,148 172,390,469 119,191,135 661,979,401 457,693,960
UMATILLA 136,336,107 99,815,765 16,282,050 11,944,147 62,523,070 45,865,523
UNION - - - - - -
WALLOWA - - - - - -
WASCO - - - - - -
WASHINGTON 121,083,205 105,404,730 14,504,770 12,414,338 55,698,316 47,671,057
WHEELER - - - - - -
YAMHILL 404,675,664 290,686,782 47,138,409 33,851,276 181,011,489 129,988,899
TOTAL 6,705,870,032 5,649,677,471 797,192,704 664,968,848 3,061,219,983 2,553,480,375

Total Potential Annual CH, = 2.6 billion scf




SUMMARY TABLES

																DAIRY																																LANDFILLS

				BROILERS														Manure				Volatile Solids				Methane Potential								FOOD WASTE																ODEQ Materials Management Program Data				ODOE Landfill Operator Survey Data								WASTEWATER TREATMENT PLANTS										AGRICULTURAL RESIDUALS												TIMBER RESIDUALS

				County		Capturable Manure Produced (lbs/yr)		Capturable Volatile Solid Produced (lbs/AU/day)		Annual Cubic Feet of Methane Potential from Capturable Volatile Solids						County		Gross Manure Produced (lbs/yr)		Capturable Manure Produced (lbs/yr)		Gross Volatile Solid Produced (lbs/AU/day)		Capturable Volatile Solid Produced (lbs/AU/day)		Annual Cubic Feet of Methane Potential from Gross Volatile Solids		Annual Cubic Feet of Methane Potential from Capturable Volatile Solids						County		Annual Cubic Feet of Methane Possible from DISPOSED Food Waste		Annual Cubic Feet of Methane Possible from RECOVERED Food Waste		Annual Cubic Feet of Methane Possible from GENERATED Food Waste								County		Annual Cubic Feet of Modeled Methane Collected		Annual Cubic Feet of Reported Methane Collected		Annual Cubic Feet of Methane at 50% Methane Content		Annual Cubic Feet of Methane at 55% Methane Content						County		Calculated Annual Cubic Feet of Methane
At 60% Methane in Biogas (scf/yr)		Metered Annual Cubic Feet of Methane
At 60% Methane in Biogas (scf/yr)						COUNTY		TOTAL ANNUAL BDT		TOTAL ANNUAL CF METHANE POTENTIAL		When Assuming 50% Recovery Rate						County		2016

				BAKER		- 0		- 0		- 0						BAKER		- 0		- 0		- 0		- 0		- 0		- 0						BAKER		5,861,009		5,422		5,866,431								BAKER		- 0		- 0		- 0		- 0						BAKER		4,200,026		4,255,392						BAKER		33,837.60		508,058,220.06		254,029,110.03						BAKER		106,635,564

				BENTON		- 0		- 0		- 0						BENTON		87,962,242		80,283,028		10,198,983		9,222,969		39,164,096		35,416,202						BENTON		31,027,024		1,515,410		32,542,433								BENTON		- 0		- 0		- 0		- 0						BENTON		24,943,226		25,272,040						BENTON		87,556.60		1,069,027,197.66		534,513,598.83						BENTON		507,340,372

				CLACKAMAS		37,152,228		7,177,135		34,522,019						CLACKAMAS		91,783,032		60,380,837		11,155,878		6,988,244		42,838,572		26,834,859						CLACKAMAS		192,595,742		35,277,736		227,873,478								CLACKAMAS		No Data		50,651,165		No Data		No Data						CLACKAMAS		89,429,971		90,608,880						CLACKAMAS		21,106.90		280,048,405.06		140,024,202.53						CLACKAMAS		727,565,418

				CLATSOP		- 0		- 0		- 0						CLATSOP		77,698,056		28,349,626		9,440,570		3,349,573		36,251,788		12,862,361						CLATSOP		16,274,510		104,511		16,379,021								CLATSOP		- 0		- 0		- 0		- 0						CLATSOP		4,134,201		4,188,700						CLATSOP		- 0		- 0		- 0						CLATSOP		1,234,771,057

				COLUMBIA		- 0		- 0		- 0						COLUMBIA		8,956,959		3,855,845		1,101,315		462,641		4,229,048		1,776,540						COLUMBIA		13,218,901		35,218		13,254,118								COLUMBIA		- 0		- 0		- 0		- 0						COLUMBIA		5,622,684		5,696,804						COLUMBIA		641.70		9,634,872.44		4,817,436.22						COLUMBIA		740,724,309

				COOS		- 0		- 0		- 0						COOS		195,588,602		97,579,704		23,851,690		11,478,224		91,590,488		44,076,380						COOS		21,430,630		235,877		21,666,507								COOS		- 0		- 0		- 0		- 0						COOS		11,217,763		11,365,641						COOS		- 0		- 0		- 0						COOS		1,174,797,053

				CROOK		- 0		- 0		- 0						CROOK		1,665,872		245,581		198,722		28,833		763,094		110,719						CROOK		8,550,726		- 0		8,550,726								CROOK		No Data		66,399,285		No Data		No Data						CROOK		- 0		- 0						CROOK		2,173.50		32,634,245.37		16,317,122.69						CROOK		15,282,535

				CURRY		- 0		- 0		- 0						CURRY		- 0		- 0		- 0		- 0		- 0		- 0						CURRY		8,652,223		- 0		8,652,223								CURRY		- 0		- 0		- 0		- 0						CURRY		2,800,725		2,837,645						CURRY		- 0		- 0		- 0						CURRY		426,725,323

				DESCHUTES		- 0		- 0		- 0						DESCHUTES		17,242,144		9,734,625		1,907,125		1,044,959		7,323,360		4,012,642						DESCHUTES		72,883,023		2,606,974		75,489,997								DESCHUTES		146,489,192		67,083,333		210,765,600		231,842,160						DESCHUTES		32,982,305		33,417,094						DESCHUTES		2,957.80		44,410,200.58		22,205,100.29						DESCHUTES		115,433,822

				DOUGLAS		- 0		- 0		- 0						DOUGLAS		- 0		- 0		- 0		- 0		- 0		- 0						DOUGLAS		37,656,693		36,211		37,692,904								DOUGLAS		255,772,749		180,862,627		9,900,000		10,890,000						DOUGLAS		12,496,032		12,660,761						DOUGLAS		3,055.70		39,411,435.25		19,705,717.62						DOUGLAS		2,744,199,160

				GILLIAM		- 0		- 0		- 0						GILLIAM		- 0		- 0		- 0		- 0		- 0		- 0						GILLIAM		989,051		- 0		989,051								GILLIAM		2,417,585,659		734,121,340		2,207,520,000		2,428,272,000						GILLIAM		- 0		- 0						GILLIAM		248,931.30		3,737,605,302.82		1,868,802,651.41						GILLIAM		- 0

				GRANT		- 0		- 0		- 0						GRANT		- 0		- 0		- 0		- 0		- 0		- 0						GRANT		1,926,852		- 0		1,926,852								GRANT		- 0		- 0		- 0		- 0						GRANT		- 0		- 0						GRANT		- 0		- 0		- 0						GRANT		165,708,356

				HARNEY		- 0		- 0		- 0						HARNEY		- 0		- 0		- 0		- 0		- 0		- 0						HARNEY		1,966,060		2,435		1,968,496								HARNEY		- 0		- 0		- 0		- 0						HARNEY		- 0		- 0						HARNEY		3,248.50		41,166,362.22		20,583,181.11						HARNEY		18,854,020

				HOOD RIVER		- 0		- 0		- 0						HOOD RIVER		- 0		- 0		- 0		- 0		- 0		- 0						HOOD RIVER		9,413,098		203,481		9,616,579								HOOD RIVER		- 0		- 0		- 0		- 0						HOOD RIVER		3,378,282		3,422,816						HOOD RIVER		188.60		2,831,754.63		1,415,877.31						HOOD RIVER		187,579,319

				JACKSON		- 0		- 0		- 0						JACKSON		9,530,439		5,621,186		1,120,506		638,371		4,302,744		2,451,346						JACKSON		82,982,795		2,240,799		85,223,594								JACKSON		811,925,654		96,262,975		494,158,600		543,574,460						JACKSON		92,876,200		94,100,539						JACKSON		1,239.70		18,747,978.58		9,373,989.29						JACKSON		434,108,673

				JEFFERSON		- 0		- 0		- 0						JEFFERSON		12,533,124		4,355,240		1,488,361		462,084		5,715,304		1,774,402						JEFFERSON		6,270,063		7,356		6,277,419								JEFFERSON		- 0		- 0		- 0		- 0						JEFFERSON		- 0		- 0						JEFFERSON		47,913.90		662,399,877.31		331,199,938.66						JEFFERSON		68,435,644

				JOSEPHINE		- 0		- 0		- 0						JOSEPHINE		88,264,820		56,470,578		10,788,004		6,827,734		41,425,935		26,218,499						JOSEPHINE		31,432,444		629,072		32,061,516								JOSEPHINE		- 0		- 0		- 0		- 0						JOSEPHINE		15,770,268		15,978,160						JOSEPHINE		296.00		4,588,432.33		2,294,216.16						JOSEPHINE		141,940,871

				KLAMATH		- 0		- 0		- 0						KLAMATH		361,005,183		309,681,371		44,938,670		37,510,529		172,564,494		144,040,430						KLAMATH		26,740,854		- 0		26,740,854								KLAMATH		- 0		- 0		- 0		- 0						KLAMATH		9,245,153		9,367,027						KLAMATH		41,321.80		620,430,531.65		310,215,265.82						KLAMATH		335,912,079

				LAKE		- 0		- 0		- 0						LAKE		- 0		- 0		- 0		- 0		- 0		- 0						LAKE		2,998,161		3,686		3,001,847								LAKE		- 0		- 0		- 0		- 0						LAKE		- 0		- 0						LAKE		- 0		- 0		- 0						LAKE		138,244,277

				LANE		8,698,577		1,680,407		8,082,757						LANE		140,923,890		133,644,583		16,638,060		15,659,804		63,890,149		60,133,647						LANE		141,746,256		10,661,039		152,407,295								LANE		515,355,663		222,391,219		6,250,000		6,875,000						LANE		111,944,062		113,419,763						LANE		115,289.60		1,407,472,019.47		703,736,009.74						LANE		2,447,643,564

				LINCOLN		- 0		- 0		- 0						LINCOLN		- 0		- 0		- 0		- 0		- 0		- 0						LINCOLN		22,106,793		295,667		22,402,460								LINCOLN		- 0		- 0		- 0		- 0						LINCOLN		3,679,800		3,728,309						LINCOLN		- 0		- 0		- 0						LINCOLN		801,187,842

				LINN		92,601,906		17,889,005		86,046,112						LINN		164,627,857		115,568,991		20,429,725		14,527,676		78,450,145		55,786,277						LINN		46,460,103		724,934		47,185,037								LINN		- 0		- 0		- 0		- 0						LINN		34,124,678		34,574,526						LINN		312,132.30		3,750,652,568.65		1,875,326,284.32						LINN		1,359,591,897

				MALHEUR		- 0		- 0		- 0						MALHEUR		193,806,731		178,410,747		23,918,339		21,817,613		91,846,421		83,779,634						MALHEUR		10,601,791		583,721		11,185,512								MALHEUR		- 0		- 0		- 0		- 0						MALHEUR		4,868,887		4,933,071						MALHEUR		158,780.00		2,434,044,401.17		1,217,022,200.58						MALHEUR		- 0

				MARION		30,610,074		5,913,310		28,443,020						MARION		689,274,450		600,225,612		84,568,547		73,089,849		324,743,221		280,665,019						MARION		124,780,981		9,766,129		134,547,110								MARION		- 0		- 0		- 0		- 0						MARION		111,033,137		112,496,829						MARION		237,389.00		2,940,675,811.10		1,470,337,905.55						MARION		308,632,135

				MORROW		- 0		- 0		- 0						MORROW		2,193,859,287		2,193,859,287		253,509,870		253,509,870		973,477,902		973,477,902						MORROW		8,428,659		- 0		8,428,659								MORROW		382,689,205		102,758,666		No Data		No Data						MORROW		- 0		- 0						MORROW		362,952.70		5,464,771,795.52		2,732,385,897.76						MORROW		3,498,772

				MULTNOMAH		- 0		- 0		- 0						MULTNOMAH		1,361,222		857,756		150,563		94,875		578,160		364,320						MULTNOMAH		192,595,742		35,277,736		227,873,478								MULTNOMAH		161,613,317		87,230,221		12,500,000		13,750,000						MULTNOMAH		344,780,068		349,325,125						MULTNOMAH		5,214.10		74,769,904.58		37,384,952.29						MULTNOMAH		81,153,980

				POLK		39,270,068		7,586,263		36,489,925						POLK		258,192,012		253,176,449		31,472,079		30,854,104		120,852,785		118,479,757						POLK		21,619,174		1,632,814		23,251,987								POLK		- 0		- 0		- 0		- 0						POLK		6,612,174		6,699,339						POLK		123,330.80		1,534,909,150.93		767,454,575.46						POLK		533,644,681

				SHERMAN		- 0		- 0		- 0						SHERMAN		- 0		- 0		- 0		- 0		- 0		- 0						SHERMAN		672,972		- 0		672,972								SHERMAN		- 0		- 0		- 0		- 0						SHERMAN		- 0		- 0						SHERMAN		295,738.60		4,440,398,453.75		2,220,199,226.87						SHERMAN		- 0

				TILLAMOOK		- 0		- 0		- 0						TILLAMOOK		1,449,499,134		1,021,469,148		172,390,469		119,191,135		661,979,401		457,693,960						TILLAMOOK		11,701,338		8,451		11,709,790								TILLAMOOK		- 0		- 0		- 0		- 0						TILLAMOOK		- 0		- 0						TILLAMOOK		- 0		- 0		- 0						TILLAMOOK		944,386,218

				UMATILLA		- 0		- 0		- 0						UMATILLA		136,336,107		99,815,765		16,282,050		11,944,147		62,523,070		45,865,523						UMATILLA		38,253,821		840,117		39,093,938								UMATILLA		- 0		- 0		- 0		- 0						UMATILLA		14,810,505		15,005,744						UMATILLA		699,504.70		10,346,484,488.80		5,173,242,244.40						UMATILLA		65,805,149

				UNION		- 0		- 0		- 0						UNION		- 0		- 0		- 0		- 0		- 0		- 0						UNION		10,263,953		517,618		10,781,571								UNION		- 0		- 0		- 0		- 0						UNION		5,624,807		5,698,956						UNION		82,539.50		1,198,585,032.13		599,292,516.07						UNION		184,814,733

				WALLOWA		- 0		- 0		- 0						WALLOWA		- 0		- 0		- 0		- 0		- 0		- 0						WALLOWA		1,963,569		2,327		1,965,895								WALLOWA		- 0		- 0		- 0		- 0						WALLOWA		- 0		- 0						WALLOWA		33,538.60		503,568,852.97		251,784,426.48						WALLOWA		244,610,376

				WASCO		- 0		- 0		- 0						WASCO		- 0		- 0		- 0		- 0		- 0		- 0						WASCO		8,867,078		8,676		8,875,754								WASCO		No Data		147,510,476		No Data		No Data						WASCO		6,210,857		6,292,732						WASCO		132,371.90		1,987,511,877.31		993,755,938.66						WASCO		137,183,525

				WASHINGTON		- 0		- 0		- 0						WASHINGTON		121,083,205		105,404,730		14,504,770		12,414,338		55,698,316		47,671,057						WASHINGTON		192,595,742		35,277,736		227,873,478								WASHINGTON		304,764,114		No Data		252,288,000		277,516,800						WASHINGTON		232,233,393		235,294,806						WASHINGTON		68,924.90		928,912,475.17		464,456,237.59						WASHINGTON		527,361,648

				WHEELER		- 0		- 0		- 0						WHEELER		- 0		- 0		- 0		- 0		- 0		- 0						WHEELER		211,468		- 0		211,468								WHEELER		- 0		- 0		- 0		- 0						WHEELER		- 0		- 0						WHEELER		- 0		- 0		- 0						WHEELER		24,495,683

				YAMHILL		- 0		- 0		- 0						YAMHILL 		404,675,664		290,686,782		47,138,409		33,851,276		181,011,489		129,988,899						YAMHILL 		38,903,514		70,505		38,974,019								YAMHILL 		961,658,109		256,546,738		762,120,000		838,332,000						YAMHILL		24,267,995		24,587,907						YAMHILL		100,706.00		1,289,798,627.07		644,899,313.53						YAMHILL		433,403,572

				TOTAL		208,332,853		40,246,119		193,583,834						TOTAL		6,705,870,032		5,649,677,471		797,192,704		664,968,848		3,061,219,983		2,553,480,375						TOTAL		1,444,642,814		138,571,656		1,583,214,471								TOTAL		5,957,853,661		2,011,818,044		3,955,502,200		4,351,052,420						TOTAL		1,209,287,200		1,225,228,606						TOTAL		3,222,882.30		45,373,550,274.59		22,686,775,137.29						2016 TOTAL		17,381,671,628



				LAYERS																																												AVERAGE		3,984,835,853												AVERAGE		1,217,257,903																				AVERAGE 2011-2016		16,998,108,771

				County		Capturable Manure Produced (lbs/yr)		Capturable Volatile Solid Produced (lbs/AU/day)		Annual Cubic Feet of Methane Potential from Capturable Volatile Solids

				BAKER		- 0		- 0		- 0

				BENTON		- 0		- 0		- 0								FEEDSTOCK OR PATHWAY		THEORETICAL CF RNG POTENTIAL		PERCENTAGE

				CLACKAMAS		87,981,994		16,978,981		92,535,448								BROILER		193,583,834		0%

				CLATSOP		- 0		- 0		- 0								LAYER		166,539,308		0%

				COLUMBIA		- 0		- 0		- 0								BEEF		1,726,023,308		3%

				COOS		- 0		- 0		- 0								DAIRY (CAPTURABLE)		2,553,480,375		5%

				CROOK		- 0		- 0		- 0								AGRICULTURAL RESIDUALS		22,686,775,137		45%

				CURRY		- 0		- 0		- 0								FOREST RESIDUALS		16,998,108,771		34%

				DESCHUTES		- 0		- 0		- 0								LANDFILL		4,351,052,420		9%

				DOUGLAS		- 0		- 0		- 0								WASTEWATER TREATMENT		1,225,228,606		2%

				GILLIAM		- 0		- 0		- 0								FOOD WASTE & YARD DEBRIS		138,571,656		0%

				GRANT		- 0		- 0		- 0								TOTAL		50,039,363,416

				HARNEY		- 0		- 0		- 0

				HOOD RIVER		- 0		- 0		- 0

				JACKSON		- 0		- 0		- 0								BIOGAS FUEL PRODUCTION PATHWAY		THEORETICAL CF RNG POTENTIAL

				JEFFERSON		- 0		- 0		- 0								CAFOs		4,639,626,825		9.27%

				JOSEPHINE		- 0		- 0		- 0								AGRICULTURAL RESIDUALS		22,686,775,137		45.34%

				KLAMATH		- 0		- 0		- 0								FOREST RESIDUALS		16,998,108,771		33.97%

				LAKE		- 0		- 0		- 0								LANDFILL		4,351,052,420		8.70%

				LANE		13,144,474		2,536,653		13,824,758								WASTEWATER TREATMENT		1,225,228,606		2.45%

				LINCOLN		- 0		- 0		- 0								FOOD WASTE & YARD DEBRIS		138,571,656		0.28%																														ERROR:#REF!

				LINN		- 0		- 0		- 0								TOTAL		50,039,363,416																																ERROR:#REF!

				MALHEUR		- 0		- 0		- 0																																										ERROR:#REF!

				MARION		57,217,828		11,042,037		60,179,101																																										ERROR:#REF!

				MORROW		- 0		- 0		- 0								Fuel Production Pathway		Cubic Feet of Methane		Percent of Total																														ERROR:#REF!

				MULTNOMAH		- 0		- 0		- 0								Wastewater Treatment Plants		1,225,228,606		12%																														ERROR:#REF!

				POLK		- 0		- 0		- 0								Food Waste		138,571,656		1%																														ERROR:#REF!

				SHERMAN		- 0		- 0		- 0								Landfills		4,351,052,420		42%																														ERROR:#REF!

				TILLAMOOK		- 0		- 0		- 0								Agricultural Manures		4,639,626,825		45%																														ERROR:#REF!

				UMATILLA		- 0		- 0		- 0								Anaerobic Digestion Subtotal		10,354,479,507		100%																														ERROR:#REF!

				UNION		- 0		- 0		- 0								Forestry Residuals		16,998,108,771		43%																														ERROR:#REF!

				WALLOWA		- 0		- 0		- 0								Agricultural Residuals		22,686,775,137		57%																														ERROR:#REF!

				WASCO		- 0		- 0		- 0								Thermal Gasification Subtotals		39,684,883,908		100%																														ERROR:#REF!

				WASHINGTON		- 0		- 0		- 0								TOTAL		50,039,363,416																																ERROR:#REF!

				WHEELER		- 0		- 0		- 0																																										ERROR:#REF!

				YAMHILL		- 0		- 0		- 0																																										ERROR:#REF!

				TOTAL		158,344,296		30,557,671		166,539,308								Fuel Production Pathway		Cubic Feet of Methane		Percent of Total																														ERROR:#REF!

																		Wastewater Treatment Plants (Average)		1,217,257,903		12%						0%																								ERROR:#REF!

				BEEF														Food Waste		3,166,428,941		31%						0%																								ERROR:#REF!

				County		Capturable Manure Produced (lbs/yr)		Capturable Volatile Solid Produced (lbs/AU/day)		Annual Cubic Feet of Methane Potential from Capturable Volatile Solids								Landfills (Average)		4,458,386,653		43%						0%																								ERROR:#REF!

				BAKER		178,530,625		11,810,487		62,477,479								Agricultural Manures		5,147,366,433		50%						0%																								ERROR:#REF!

				BENTON		- 0		- 0		- 0								Anaerobic Digestion Subtotal		13,989,439,930		135%																														ERROR:#REF!

				CLACKAMAS		7,041,580		465,828		2,464,228																																										ERROR:#REF!

				CLATSOP		- 0		- 0		- 0																																										ERROR:#REF!

				COLUMBIA		- 0		- 0		- 0								Fuel Production Pathway		Cubic Feet of Methane		Percent of Total																														ERROR:#REF!

				COOS		13,950,300		922,866		4,881,961								Forestry Residuals		17,381,671,628		28%																														ERROR:#REF!

				CROOK		79,250,990		5,242,758		27,734,189								Agricultural Residuals		45,373,550,275		72%																														ERROR:#REF!

				CURRY		- 0		- 0		- 0								Thermal Gasification Subtotals		62,755,221,902		100%																														ERROR:#REF!

				DESCHUTES		- 0		- 0		- 0																																										ERROR:#REF!

				DOUGLAS		- 0		- 0		- 0																																										ERROR:#REF!

				GILLIAM		14,049,945		929,458		4,916,832								Fuel Production Pathway		Cubic Feet of Methane																																ERROR:#REF!

				GRANT		- 0		- 0		- 0								Forestry Residuals		16,998,108,771																																ERROR:#REF!

				HARNEY		830,375		54,933		290,593								Agricultural Residuals		45,373,550,275																																ERROR:#REF!

				HOOD RIVER		- 0		- 0		- 0								Thermal Gasification Subtotals		62,371,659,046																																ERROR:#REF!

				JACKSON		2,856,490		188,968		999,640																																										ERROR:#REF!

				JEFFERSON		63,473,865		4,199,040		22,212,923																																										ERROR:#REF!

				JOSEPHINE		- 0		- 0		- 0

				KLAMATH		61,447,750		4,065,005		21,503,876

				LAKE		141,761,620		9,378,076		49,610,024

				LANE		1,660,750		109,865		581,186

				LINCOLN		- 0		- 0		- 0

				LINN		62,244,910		4,117,740		21,782,846

				MALHEUR		1,497,265,770		99,051,014		523,979,862

				MARION		42,780,920		2,830,122		14,971,347

				MORROW		1,612,621,465		106,681,112		564,343,084

				MULTNOMAH		- 0		- 0		- 0

				POLK		20,759,375		1,373,313		7,264,823

				SHERMAN		- 0		- 0		- 0

				TILLAMOOK		51,748,970		3,423,393		18,109,751

				UMATILLA		886,906,930		58,672,305		310,376,491

				UNION		- 0		- 0		- 0

				WALLOWA		42,481,985		2,810,347		14,866,734

				WASCO		- 0		- 0		- 0

				WASHINGTON		5,447,260		360,357		1,906,290

				WHEELER		- 0		- 0		- 0

				YAMHILL 		145,016,690		9,593,412		50,749,148

				TOTAL		4,932,128,565		326,280,398		1,726,023,308









Fuel Production Pathway	 Wastewater Treatment Plants (Average) 	 Food Waste 	 Landfills (Average) 	 Agricultural Manures 	 Anaerobic Digestion Subtotal 	Fuel Production Pathway	 Forestry Residuals 	 Agricultural Residuals 	 Thermal Gasification Subtotals 	0	1217257903.1199577	3166428941.0732336	4458386652.9347763	5147366433.2067966	13989439930.334764	0	17381671627.722767	45373550274.586174	62755221902.308945	Fuel Production Pathway	 Wastewater Treatment Plants (Average) 	 Food Waste 	 Landfills (Average) 	 Agricultural Manures 	 Anaerobic Digestion Subtotal 	Fuel Production Pathway	 Forestry Residuals 	 Agricultural Residuals 	 Thermal Gasification Subtotals 	0	0.11755857957330379	0.30580281112020546	0.43057564117202335	0.49711493750019331	1.3510519693657259	0	0.27697570179547476	0.72302429820452518	1	







Cubic Feet of Methane	 Wastewater Treatment Plants 	 Food Waste 	 Landfills 	 Agricultural Manures 	1225228606.0476785	138571656.29999998	4351052420	4639626825.1299963	







 Forestry Residuals 	 Agricultural Residuals 	0.42832703782911608	0.57167296217088381	







Other Summary Tables











						Sector		Volume of Methane

						Vehicle Fuel		6,562,000

						Commercial		26,667,462,000

						Residential		39,390,562,000

						Industrial		57,760,458,000

						Electric Power 
Generation		103,103,708,000





Volume of Methane	

Vehicle Fuel	Commercial	Residential	Industrial	Electric Power 
Generation	6562000	26667462000	39390562000	57760458000	103103708000	

Cubic Feet of Methane









CAFO REFERENCES

				BROILERS, LAYERS, BEEF, DAIRY

				Raw data sourced from the Oregon Department of Agriculture Confined Animal Feed Operations Program

				Manure and Volatile Solids generation rates, as well as animal weight/animal unit figures, sourced from the U.S. Department of Agricutlure's Agricultural Waste Management Field Handbook, Chapter 4: Agricultural Waste Characteristics

				Methane Generation Potential rates sourced from the U.S. Environmental Protection Agency's States Workbook, Workbook 6: Methane Emissions from Domesticated Animals. Table 7-11. Maximum Methane Producing Capacity for U.S. Estimates

				Assumptions								References												Resources

				1Animal Unit (AU) = typical animal mass in lbs/ 1000lbs								1In order to calculate manure production rates in a uniform fashion we used a rate of manure production per animal unit, which is derived from the USDA Agriculture Waste Management Field Handbook, in Chapter 4: Agricultural Waste Characteristics.												USDA Agriculture Waste Management Field Handbook

				2Manure Capture Rate = (365 - Total Days Grazed)/365)																				USDA Field Handbook, Ch. 4

				3Gross Manure Production =  Manure Rate*AU*365								2Manure is only capturable when animal is confined, therefore, by lessing the number of days spent grazing by the number of days in a calendar year we can find the number of days the animal is spent in a confined space (meaning area where manure is capturable). By dividing this number by 365 we arrive at a rate which the animal's manure is capturable.												U.S. EPA State's Workbook, Workbook 7: Methane Emissions from Animal Manure

				3Capturable Manure Production =  Manure Rate*AU*Manure Capture Rate*365																				EPA States Workbook 7: Methane Emissions from Manure Management

				4Gross Volatile Solids Rate = Volatile Solids Rate*AU*365

				4Capturable Volatile Solids Rate = Volatile Solids Rate*AU*365								3We used a manure production (lbs) rate on a per animal unit-basis which, is derived from the USDA Agriculture Waste Management Field Handbook, in Chapter 4: Agricultural Waste Characteristics. 

				Methodology Rationale																						Oregon Department of Energy

				We decided to maintain uniformity with the USDA's Animal Unit and Manure and Volatile Solids Production Rates as opposed to using similar rates found in the EPA States Workbook rates for Volatile Solids production.								4We used a volatile solids production rate (lbs) on a per animal unit-basis, which is derived from the USDA Agriculture Waste Management Field Handbook, in Chapter 4: Agricultural Waste Characteristics. Volatile Solids are a portion of total manure excreted.



												Our methane potential rate is sourced from the U.S. EPA State's Workbook, Workbook 7: Methane Emissions from Animal Manure, and is in Table 7-11 titled Maximum Methane Producing Capacity for U.S. Estimates.

				The EPA's methane generation rate used since none in the USDA Handbook.



VS lb/d/1000 lb AU = 22
Manure lb/d/1000 lb AU = 88 
AU (1,000lb) = 1000 / 2.6lb/broiler =  374.61 broilers 
cf3 CH4/lb-VS = 4.81
 

from table 7-11   "Feedlot beef cattle" Maximum potential emissions - ft3CH4/lb-VS = 5.29
                               " Beef not in Feedlots" Maximum potential emissions - ft3CH4/lb-VS = 2.72
                                "Dairy Cows" Maximum potential emissions - ft3CH4/lb-VS = 3.84 

from table 4-8 -Beef waste characterization (AWMFH - 2008)
                           

Animal Uniit (AU) = 1000lbs = Oregon beef cattle are harvested at a range of 1350lbs to 1450lbs (on average).  There fore we used a multiplier of 1.4 to increase the number of AU's

Volital Solids (VS) - lb/d/AU = 4.3lb/d/AU

Capturable manure and volital solids is assumed to be 100%

maximum potential emissions  = 5.29 ft3 CH4/lb-VS

Gross Methane calculations;

Number of beef x 1.4 to get number of AU.

AU x VS lb/d/AU x 364 for annual VS production
Annual VS x maximum potetrnial emissions of methane 


https://nepis.epa.gov/Exe/ZyNET.exe/9100AD1M.txt?ZyActionD=ZyDocument&Client=EPA&Index=1995%20Thru%201999&Docs=&Query=%28domesticated%20animals%29%20OR%20FNAME%3D%229100AD1M.txt%22%20AND%20FNAME%3D%229100AD1M.txt%22&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&UseQField=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5CZYFILES%5CINDEX%20DATA%5C95THRU99%5CTXT%5C00000025%5C9100AD1M.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=220&slidehttps://www.wcc.nrcs.usda.gov/ftpref/wntsc/AWM/handbook/ch4.pdf

AG RESIDUAL REFERENCES

				Manitoba Agriculture. (n.d.). Corn Stover and Silage. Retrieved from https://www.gov.mb.ca/agriculture/crops/production/grain-corn/corn-stover-and-silage.html



																																																		Oregon Department of Agriculture. (2017). Oregon Agripedia, 2017 Editi, 228.

																												Clarke, S., & Preto, F. (2011). Biomass Burn Characteristics. Ontario Ministry of Agriculture, Food, and Rural Affairs. Retrieved from http://www.omafra.gov.on.ca/english/engineer/facts/11-033.htm





																																																		Oregon Department of Agriculture. (2017). Oregon Agripedia, 2017 Editi, 228.

				Graf, A., & Koehler, T. (2000). An evaluation of the potential for ethanol production in Oregon using cellulose-based feedstocks. Oregon Cellulose-Ethanol Study, (June), 1–36.











				Banowetz, G., Steiner, J., Boateng, A., & El-Nashaar, H. (2005). Potential for on-farm conversion of straw to bioenergy in seed producing operations. Seed Production Research at Oregon State University, USDA-ARS Cooperating. Ext/CrS, 124, 75–78.
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Table 7-11. Maximum Methane Producing Capacity for U.S. Estimates

Maximum Poental
Emissions (B,)
Animal Type Category (fr° CH,1b-VS)
Cattie Beetim Feedon 52
Beef Not in Feedlots 2712
Dairy 38
Swine Breeder g 577
Market 753
Poultry Layers 545
Broilers 481
Turkeys 481
Ducks 513
Sheep Tn Feediots 57T
Not in Feedlots . 3.04
Goats. 27n2
Horses & Mules 5.29 ]
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Table 7-10." U.S. Average Animal Size and VS Production

Typical Volatile
Animal Solids (vs)
Mass(TAM) Ibs VS/
Animal Type Ibs b animal massiyr
Feedlot Beef Cattle Steers/Heifers 915 26
Other Beef Cattle Calves 397 26
Heifers 794 26
Steers 794 26
Cows 1102 26
Bulls 1587 26
Dairy Cattle Heifers 903 365
Cows 1345 365
Swine Market 101 31
Breeding 399 31
Pouliry Layers 35 34
Brollers 5 62
Ducks 31 675
Turkeys 75 332
Other Sheep 154 336
Goats 141 348
Donkeys 661 365
Horses and Mules 992 365
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Table 4-11  Poultry waste characterization—as excreted

I

(a) Layer waste characterization in units of per day animal (b) Layer in units of per day per 1,000 Ib animal unit
Components Units Layers Components Units Layers ¥
Weight Ib/d-a 0.19 Weight 1b/d/1000 1b AU 57
Volume ft¥d-a 0.0031 Volume £%/d/1000 Ib AU 0.93
Moisture % w.b. 75 Moisture % w.b. 75

TS Ib/d-a 0.049 TS 1b/d/1000 Ib AU 15

Vs Ib/d-a 0.036 Vs 1b/d/1000 Ib AU 11

BOD Ib/d-a 0.011 BOD 1b/d/1000 Ib AU 3.3

N Ib/d-a 0.0035 N 1b/d/1000 Ib AU 11

P Ib/d-a 0.0011 P 1b/d/1000 Ib AU 0.33

K Ib/d-a 0.0013 K 1b/d/1000 Ib AU 0.39

1/ Table 12(a) ASAE D384.2, March 2005 1/ Table 4-11(a) value x (1000 1b/3 Ib avg. wt.) x (0.90)
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Table 4-8  Beef waste characterization—as excreted
—

(a) Cow and growing calf in units per day-animal ¥

(b) Cow and growing calf in units per day per 1,000 Ib animal
unit ¥

commes v Mo ST et
450-750 1b. 450-750 1b ¥

Weight Ib/d-a 125 50 ‘Weight 1b/d/1000 1b AU 104 7

Volume ft/d-a 20 08 Volume 1t%d/1000 1b AU L7 12

Moisture % w.b. 88 88 Moisture % w.b. 88 88

TS Ib/d-a 15 6.0 TS 1b/d/1000 1b AU 13 92

Vs Ib/d-a 13 5.0 Vs 1b/d/1000 1b AU 11 7.7

BOD Ib/d-a 3.0 11 BOD 1b/d/1000 1b AU 25 L7

N Ib/d-a 042 0.29 N 1b/d/1000 1b AU 0.35 045

P Ib/d-a 0.097 0.055 P 1b/d/1000 1b AU 0.08 0.08

K Ib/d-a 0.30 0.19 K 1b/d/1000 1b AU 0.25 0.29

U/ Bee cow values are representative of animals during nonlactating
period and first 6 months of gestation

1/ Beef cow values are representative of animals during nonlactatin
period and first 6 months of gestation

2/ Equals table 4-8a value x (1000 15/1200 Ib wt.)
3/ Equals table 4-Sa value x (1000 Ib/650 Ib avg. wt.)
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Table 45 Dairy manure characterization—as excreted

(@ In units per day-animal ¥

Components Ui ik protucton ettt car  meitr vryon
50 3 W0 1 imm awow oo
Weight Waa W s e 1w E EE
Volume orda 21 24 26 29 o 0sT 14
Moisture % wet basis 8 & & & & 8 s
Totalsolids  Ibida I 19 21 S 30 83 10
vs¥ Ivda u 16 18 20 30 LN
BOD Ivda 29 121
N Ivda 0% 097 14 LU 007 04 026 050
I3 Ivda 015 017 019 o021 002 004 007
K Ivda 041 045 049 o0s2 004 o1 016
17 ASAE DISL2 March 2005

2 Assumes 1375 b lactaing cow and 1,660 b dy cow: Exerction values for P and K o in bold are based on the assumption tha ntake

s equal o exeretion
W VS based on §5% of TS

(b) In units per day per 1,000 Ib animal unit
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Corn Stover and Silage

Corn Stover

When corn is harvested for grain, 40-50% of the dry matter of the corn plant remains in the field
in the leaves, stalks, husks, and cobs. This material can supply feed for wintering beef cows,
wintering stocker cattle to be fattened on grass the next summer, growing dairy cattle, or dry
dairy cows. Corn stover usually has a higher feed value than straw from small grains. Stover can
be used by grazing or by harvesting and conserving dry in stocks or large round bales or ensiling.
To estimate the tons per acre of dry matter material remaining to be grazed or baled, multiply the
grain comn yield in bushels per acre by the bushel weight of the corn (36 Ibs/bu). For example, a
120 bu/ac corn crop will produce approximately 3.3 t/ac of roughage. If the harvest season goes
exceptionally well, and you actually achieve 140 bu/ac, the above calculation will tend to over
estimate stover residues. Therefore, a cap of 4 t/ac s generally used for fields yielding 140+
bu/ac.

To determine the stocking rate of your corn stover field it is important to match the nutrient
requirements of your livestock with the nutrients available. It is recommended that you test your
feed to measure the nutritive value of the stover (for example, TN, ADF, NDF and CP), and obtain
alivestock nutritive requirement table from Manitoba Agriculture, Food and Rural Development.
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Table 1. Ultmats anslysis for 3 varist
(3 Values reported on &

of biomass fusls in Ontaric
Iy matter Basis)

Typical Values"

Cipype | M/ka |BTU/ [y Tcarpon [ Hydrogen | Nitrogen | sulphur | 0xygen | Tl

% % % % % % (uglg)§
Off-spec (non-faod) grains
ons 15 [ro3e [a7 [0 [en 5 o7 [wee s
o PR X P P 12 Jor Jws e
Carcla |28 [12:220 [a5 [e0s oz o5 Jos e e
TR N X FER Er B PER P FPR P
en
Grassforages
sgse |55 [oom [er [e [en o [ox [me e
scantbos |15 [oas0 |27 |55 58 o5 Jox Jme [iom
Sorgum |17 [7.000 Jes [s58 sz P U TR )
Suicngrass |12 [7.535 |57 [sss ex 05 Jox  Jes i
Straw/ residue
A 17 [rass [5a s 52 s o2 [ws [eam
e 7 e [ss s |5 07 Jei o [iom
Comets |15 7o |is s e0 or Jon Jmo e
Comstover |15 7580 [5 35 e 05 Jou  Jwss i
Faxsin |15 [rew0 |57 [z e 05 Jou e e
wew 1o [r7i0 |77 e a0 os Jox s sz
Processing by-product
oatruls 15 [7550 [5a [s65 [ex o5 [ox Jea i
P FOR T FER Era B e oz s e
T P D PR o B PR CER g Yo
Wood
Bk 5 [ease [is s [5s or [on e mr
wiew 15 [esso |21 [s0x s 05 Jou  Jea [ie
vordwosd |15 o300 Joa 85 s 02 Joo s e
Coat
Lo 3 [w0s%0 [eo [se |57 o5 fes  [us =
-
Yore
Gonte |22 |55 |aso[ses ez o5 Jos  |me s

 The cantant level of ash, chlorine and other slements can be lowered through crop selectivity, growing
conditions, plant fractionation, harvast time and harvest mathod.

? Calculated by difference. Percent by difference rafers to the diffarence betwieen two numbers 25 2

percent of one of them. For example, the percentage difference from 5 to 3 i 2/5

0.4 = 30%.

* & microgram (g) is 2 unit of mass equal to 1/1,000,000 of 3 gram (1 x 10-6), or 1/1,000 of 3
millgram. It is one of the smallest units of mass commonly used:

PR - Paver Rivar Basin

Dats compiled from AURL, 2005; BIOBIB; Prato, 2010.
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Selected Crop Acreage, Yield, Production, and Value — Oregon: 2015-2016

2015 2016
Crop and — —
production unit Harvested | YI9Per | proguction Value of Harvested | Y19 Per | proguction Value of
acre production acre production
(1,000 acres) (unit) (1,000 units) (1,000 dollars) | (1,000 acres) (unit) (1,000 units) (1,000 dollars)
Field crops
Wheat, all 828.0 47.3 39,195 211,182 797.0 50.1 39,937 180,160
Wheat, winter . 735.0 47.0 34,545 184,816 710.0 50.0 35,500 157,620
Wheat, spring. 93.0 50.0 4,650 26,366 87.0 51.0 4,437 22,540
Barley .. 37.0 52.0 1,924 6,022 32.0 67.0 2,144 5,703
Oats... 11.0 88.0 968 5,169 10.0 90.0 900 2,250
Corn, grai 30.0 188.0 5,640 22,560 39.0 230.0 8,970 38,123
Corn, silage. 34.0 24.0 816 (NA) 40.0 27.0 1,080 (NA)
Dry edible beans ! owt 9.0 23.0 207 7,349 (NA) (NA) (NA) (NA)
Austrian winter peas.. owt 5.0 15.0 75 2,063 4.0 20.0 80 (D)
Sugarbeets ... 77 38.6 297 13,514 10.2 42.0 428 (NA)
Hay, all..... 1,060.0 29 3,072 584,040 1,130.0 3.4 3,891 636,207
Hay, alfalfa 370.0 4.2 1,554 310,800 420.0 4.7 1,974 323,736
Hay, other 690.0 22 1,518 273,240 710.0 27 1,917 312,471
Potatoes 38.9 560.0 21,784 178,629 38.9 590.0 22,951 181,313
Hops.. 6.6 1,613.0 10,668 34,564 7.8 1,596.0 12,395 65,075
Peppermint .. 21.0 95.0 1,995 45,885 19.5 85.0 1,658 35,481
Spearmint 25 135.0 338 6,659 25 125.0 313 5,634
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Oregon Grass Seed Crop Estimates'
Esumars for 2014, 2015 snd 016p

[r— Frre—" e S
e (00015 Pt 05

rTyeeE— 1050 w9077 2700 7651
2015 Aumua yegrss. 1130 20308 900 &3
2016 Anmual yegrss. 1530 preess) 500 s
[V S—— 1m0 158451 200 158299
[t 95350 125608 s200 106352
v —— 95130 186215 200 119316
2004 Tl e 13355 219500 w00 19327
205 Tl e ety 2 7400 12397
2016 Tl e 1500 20701 7400 153280
2014 Kenrucky bnegrass. 13208 111 12600 290
2015 Kenrucky baegrass. 15940 1818 13800 1
2016 Kenrucky baegrass 18250 e 135700 s
2014 Rough luegass. P 9 19800 e
2015 Rough luegass. 0 1318 13800 1788
2016 Rough bisegrass 1030 1o 1500 T
prSvp— nm 1067 me 11958
2015 Oremegrss 190 5585 ey 153
2016 Oremegrss 130 1230 ity 26076
2014 Cevings fscue 5088 1357 10811 10000 10811
2015 Chevings fscue- s350 1138 oams 10500 o548
2016 Cevings fscue- S50 s o7t 10100 st
2014 Red s s0is 1270 s 10300 189
205 Red e 30 105 o251 10200 o536
016 Red e o160 107 o355 10100 o5t
Eiv—p— 106 17 1916 10800 1993
2015 o S 1310 14 ess 1000 ot
2016 o e e ey 12000 37
2014 Colomil bz P 1304 2000 s
2015 Coomilbezzae 300 1200 25000 310
2016 Colomialbemzras o7 1 25000 355
2014 Creeping begrass 557 112 33400 356
2015 Creeping begrass s10 1897 32700 55
2016 Creeping bengrass £ 27 33000 Ee
20 o Grse 20550 a61

2015 Tots Grse 0130 0790

2016 Tom Grse. 05300 sin

Dat collced by the Nicole Andarson. Mark Melye, R Qn, Cae Sulliv, Carol Tolleionand Daris Wales,
Ooegon Stte riveray, s compiled by Nicols Andarion. Extenion Fld Crops Agosoir, O5U.

1= revised, p = preliminary.
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‘Table 3 lists the quantities of agricultural residues produced in Oregon and the acres
‘planted for each crop in 1998. This chart applis a conversion facto to estmated quantity of

Tesidue (bone dry tons) each crop produces per acre. As an example, i 1998 thre were

NREL has e simates of iffrnt materisls based pon esing i 5 b Mak Yancey of NREL proviced
[y

¥ Oragon Deparment of Exvironmenta Qualiy, Petr Spendslo, Managr, Slid Wase

1998 Oregon Materia Recovery Survey Rapor, e dog st o asadsovasars 9961 Bl
s

" Baul Coscrore, NW Bulpand Paper Asociaion, Assssmen o Posental o Coaversion ofPulpand Pper
‘Studge toEano Fuslnthe Pacific Nordoves - T Karstetr.

i Neion, Oregon Grass Sed Commision.

regon Celliose Ethanctstudy

19,500 acres of onions planted. The conversion rato for onions is 1. Therefore, the onion
crop in 1998 produces 19,500 bt of residues. NREL provided conversion factors for this
fable®

Table 3: Agricultural Residues in Oregon for Ethanol Production

Resiaues Rores planied  Conversion Facior oyesr
Norseresireanhoses 5100 T 3100
Grass Seed 81900 21 000900
Wheat 885,000 23 2038500
Hay 70000 o3 291000
Potstoss 58,000 12 0600
Pears 17300 23 0020
Orions. 19500 5 19500
Charies 11000 e 2400
Nint 200 1 200
Hazeinus 20100 1 20,100
Aoples 20100 22 2020
Sweet Com 5700 a7 0800
Besns 95080 1 95080
Barey 130,000 13 160,000
outs 52000 12 2800
Sugar Beets 17500 2e 200
Grapes 7100 1 7.100
‘Srawserres sam0 o3 1332

ToulBbTvewr 4024332

Estimated GPY of Ethanol __201,200000
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POTENTIAL FOR ON-FARM CONVERSION OF STRAW TO BIOENERGY IN SEED
PRODUCING OPERATIONS

G.M. Banowetz, J.J. Steiner, 4. Boateng and H. El-Nashaar

Introduction

National support for developing renewable fuel sources has
rekindled interest in bioenergy production from agricultural
products. As a part of the USDA Agricultural Research Service
‘national mission, the Bioenergy and Bioproducts National Pro-
‘gram was established to create jobs and economic activity in
America and reduce the Nation’s dependence on foreign oil. As
a part of this national effort, the National Forage Seed Produc-
tion Research Center and Eastern Regional Research Center
‘have initiated a research partnership with Taylor Energy in
Irvine, California and the Western Research Institute in Lara-
‘mie, Wyoming to develop a farm-scale gasification reactor to
convert straw to energy products as a way to provide value-
added revenue for Pacific Northwest seed producers.

‘The concept of local-grown transportation fuels is not new.
Efforts during the 1980s to find alternative uses for straw with-
out open field burning included the conversion of straw to en-
ergy (Conklin, Young and Youngberg, 1989; CHL,M Hill,
1991). At that time, available technologies could not produce

energy from straw at costs competitive with existing energy
sources so much of that work was abandoned.

Since that time, demand has increased for electrical generation

capacity and transportation fuuels with regional population
growth and the rise in energy prices. These two factors have

o e £ Araret Aot o o b cbratac F

compression, and transportation enterprises. In most cases,
seed producers receive minimal if any payment for straw from
their fields. Limited markets are available for Kentucky blue-
grass straw produced east of the Cascades in Oregon, Wash-
ington and Idaho.

‘The value of energy products produced on the farm will be
dependent upon the amount of straw available, the efficiency of
conversion to energy, and end product market value. Our con-
servative estimate of available straw for energy conversion s 1
ton of straw per acre after leaving a minimal 1-ton per acre to
‘meet the NRCS conservation requirement. ARS research in
‘western Oregon determining straw production amounts from
three grass species over a 10-year period showed that this as-
sumption is very conservative (Table 1). Extending thel-ton
‘per acre estimate to include straw from the approximate
486,000 acres of grass seed production in Oregon and 100,000
acres in Washington and Idaho provides a total of 586,000 tons
of straw. The energy content of straw is approximately
12,000,000 BTU/ton (NREL; 2005 8): Converting straw to
electricity using gasification technology for synthesis gas pro-
duction and using an internal combustion engine to power an
electrical generator provides 350 KWH per ton at 10% conver-
sion efficiency. Assuming a market value of $0.04 per kKWh,
electricity production from PNW straw has an apparent gross
wvalue of $8 2-million that translates to $14 per ton of straw.







AD Pathway:. Ag Manure, Feedlot Beef & Chicken

Feedlot Beef Cattle Methane Potential
Manure Ib/yr VS Ib/yr

County
CLACKAMAS
JACKSON
LANE

LINN
MARION
POLK
WASHINGTON
YAMHILL
CO0S
TILLAMOOK
BAKER
CROOK
GILLIAM
HARNEY
JEFFERSON
KLAMATH
LAKE

MORROW

MALHEUR
UMATILLA
WALLOWA

totals

7,041,580
2,856,490
1,660,750
62,244,910
42,780,920
20,759,375
5,447,260
145,016,690
13,950,300
51,748,970
178,530,625
79,250,990
14,049,945
830,375
63,473,865
61,447,750
141,761,620

465,828
188,968
109,865
4,117,740
2,830,122
1,373,313
360,357
9,593,412
922,866
3,423,393
11,810,488
5,242,758
929,458
54,933
4,199,040
4,065,005
9,378,076

1,612,621,465 106,681,112

1,497,265,770 99,051,014
886,906,930 58,672,305

42,481,985

2,810,347

4,932,128,565 326,280,399

CH, -cf3/yr

2,464,228
999,640
581,186

21,782,846
14,971,347
7,264,823
1,906,290
50,749,148
4,881,961
18,109,751
62,477,479
27,734,189

4,916,832

290,593
22,212,923
21,503,876
49,610,024

564,343,084

523,979,862
310,376,491
14,866,734

1,726,023,309

Broiler Chicken Methane Potential
County Manure - lbs VS - |bs
CLACKAMAS 37,152,228 7,177,135
LANE 8,698,577 1,680,407
LINN 92,601,906 17,889,005
MARION 30,610,074 5,913,310
POLK 39,270,068 7,586,263
YAMHILL 27,694,829 5,350,137
total 236,027,682 45,596,257

Laying Chicken Potential Methane Production

County Manure - Ib S-1Ib CH, - cf3

CLACKAMAS 87,981,994 16,978,981

LANE 13,144,474 2,536,653

MARION 57,217,828 11,042,037

total 158,344,296 30,557,671

Total Potential Annual CH, = 2.1 billion scf

CH, - cf3

34,522,019
8,082,757
86,046,112
28,443,020
36,489,925
25,734,161
219,317,995

92,535,448
13,824,758
60,179,101
166,539,308



AD Pathway:. Waste Food

*  Cities
%  \Waste Food
— NG Pipelines

10100 Miles

Total Potential Annual CH, = 138.6 million scf

[
1,776
502
4932
[Conmbia PSS
6494
I 2,591
2622
[Deschures [P
11411
[Gillam 8

[ 55

[Rarney [0

2852
[Jackson _—— [EERIC
[Jefferson )
9525
[Kamath [0
[EC 509

12,953
6699
14,079
[Watheor —— [ERIE)
[Warion B0

175,087

Miltoi 650
[Worow ——— [PXH
TR 6551
[Sherman [P0
3546
[Umatila_— [P1L0%
CETR 3110
[Wallowa ——JI5°3
RN 2567
64

Yambhill 11,789

o

Disposed

Food Waste
(tons)

Recovered

790
11

62
679

191

3,231
90

220
177
2,959
32,071

13

Generated

1,778
9,861
4,963
4,016
6,566
2,591
2,622
22,876
11,422
300
584
597
2,914
25,825
1,902
9,716
8,103
910
46,184
6,789
14,298
3,390
40,772
207,158

663

2,554
7,046
204
3,548
11,184
3,267
59
2,690
64
11,810

479,762

CH4 (cubic feet)

Disposed Recovered
5,861,009 5,422
31,027,024 1,515,410
16,274,510 104,511
13,218,901 35,218
21,430,630 235,877
8,550,726 0
8,652,223 0
72,883,023 2,606,974
37,656,693 36,211
989,051 0
1,926,852 0
1,966,060 2,435
9,413,098 203,481
82,982,795 2,240,799
6,270,063 7,356
31,432,444 629,072
26,740,854 0
2,998,161 3,686
141,746,256 10,661,039
22,106,793 295,667
46,460,103 724,934
10,601,791 583,721
124,780,981 9,766,129
577,787,227 105,833,208
2,146,178 41,293
8,428,659 0
21,619,174 1,632,814
672,972 0
11,701,338 8,451
36,107,642 798,824
10,263,953 517,618
1,963,569 2,327
8,867,078 8,676
211,468 0
38,903,514 70,505

0 0

1,444,642,814 138,571,656

Generated

5,866,431
32,542,433
16,379,021
13,254,118
21,666,507
8,550,726
8,652,223
75,489,997
37,692,904
989,051
1,926,852
1,968,496
9,616,579
85,223,594
6,277,419
32,061,516
26,740,854
3,001,847
152,407,295
22,402,460
47,185,037
11,185,512
134,547,110
683,620,435

2,187,471

8,428,659
23,251,987
672,972
11,709,790
36,906,467
10,781,571
1,965,895
8,875,754
211,468
38,974,019
0

1,583,214,471



Thermal Gasification: Forest and Ag Residuals

Forestry and Agriculture Related Biomass

Forestry Relatet.Biomass

State of Oregon RNG Technical Potential from Agricultural
r——— —_ e ————

5 £7 e P

. | state of Oragon
a1 [ «at other valuas>
- | LAND_COVER
" [ HayPasture
i I cuntvated Craps X
it b B 4 8

=5

F
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Source — Thermal Gasification | Annual CH, production scf3
Forest Harvest Residuals 16,998,108,771
Agricultural Harvest Residuals 22,686,775,137

Total Potential Annual CH, = 39.7 billion scf
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Annual Potential Production of CH, — Summary

Source — Anaerobic Digestion Annual CH, Production scf3

Agricultural Manure 4,639,626,825
Waste Water 1,225,228,606
Landfill 4,351,052,420
Waste Food 138,571,656
Subtotal 10,354,479,507
Forest Harvest Residuals 16,998,108,771
Agricultural Harvest Residuals 22,686,775,137
Subtotal 39,684,883,908

DEPARTMENT OF

E\‘—? ENERGY Total Potential Annual CH, = 50 billion scf
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Supply Chains — Anaerobic

Digestion: Agricultural Manure

« ODOE has mapped out supply
chain models for each feedstock.

 The next phase is to add economic
costs and carbon intensity values
at each step.

Supply chains begin on page 27 in the report

———, DEPARTMENT OF
%—/ ENERGY

Carbon Intensity: The average Carbon Intensity (in gCO2e/MJ) for this pathway is —264.
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Carbon Intensity: The average Carbon Intensity (in gC02e/MJ) for this pathway is undetermined.

Chipped

Residual

Supply Chains — Thermal Gasification:
Forest and Agricultural Harvest
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Electricity grid vehicle
transport costs RNG pipeline
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GHGs and Air Pollution

RNG as an Alternative Stationary Fuel: RNG production prevents methane from sources like
landfills and animal waste from being directly emitted to the atmosphere. The combustion of
captured gas results primarily in carbon dioxide, a GHG that is at least 25 times less potent in
the atmosphere than methane. Approximately 2 million metric tons of fossil fuel-based carbon
dioxide could be prevented from entering the atmosphere if the potential RNG volume in
Oregon could be captured and used to displace fossil fuel natural gas.

RNG as an Alternative Transportation Fuel: RNG used as an alternative to diesel fuel can produce
significant reductions in air pollutants. The analysis shows reductions of 20 percent or more for
GHGs, CO2, fine particulate matter (PM2.5 and PM 10), and greater than 30 percent decrease in
the amount of organic carbon emissions. When used as an alternative for an equivalent amount
of diesel fuel, the state’s total RNG production potential from anaerobic digestion alone would
reduce net GHG emissions by 2.3 million MTCO2e.

See chapter 4, page 33 in the report
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Markets: Transportation & Stationary

e The current driver in the RNG market is
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Potential Barriers

Finance Barriers

e Access to financing
e Gas upgrading costs to remove impurities, and increase heat content of biogas
e Interconnection costs, testing, verification, and pipeline construction costs

Information Barriers

 The perception of risk due to unfamiliarity with biomass technologies and fuel supply chains

Market Barriers

e Lack of natural gas vehicles, fleets, and fueling infrastructure

Policy/Regulatory Barriers

Existing policy prevents Oregon utilities from making ratepayer-funded capital investments in RNG infrastructure,
such as extension of pipelines or connection points for RNG producers, as well as the requirement for utilities to
purchase the least-cost resource

Lack of policy encouraging or mandating the source separation of wastes (such as food wastes)

Lack of financial incentives for natural gas fueling infrastructure
:




Recommendations

1. Allow natural gas companies to buy and sell RNG to and for their customers.

2. Allow local gas distribution companies to recover pipeline interconnection costs through their
rates.

3. Study how best to expand natural gas transportation fueling infrastructure.

4. Explore development of voluntary gas quality standards for injection of RNG into the natural gas
pipeline.

5. Explore financial incentives to help drive the nascent industry forward.

6. Coordinate with RNG stakeholders and state agencies to develop a tracking and accounting
protocol for production and use of RNG.

See chapter 6, page 43 in the report
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Proposed Next Steps

1. Practical Statewide RNG Potential

2. Lifecycle Economic Analysis of RNG Production Pathways

3. Tracking and Accounting for RNG in Transportation & Stationary Fuel Use
4. Detailed Analysis of Market Economics & Drivers

5. More Comprehensive Feedstock Inventory and Other Biogas Production Pathways

See chapter 8, page 48 in the report
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