14. Submit an assessment of your installation processing, shredding and emission abatement measures and demonstrate why they can be considered to represent BAT for the sector in relation to treatment of waste and abatement of emissions.

We have two discrete air emissions loops that share a common stack for ease of sampling and monitoring but are otherwise independent.
The first is focused on removal of organics that are released during shredding through a combination of wet and dry scrubbers (activated carbon) to remove organic vapor from the air stream.  
· The wet scrubber also provides a secondary benefit of removal of trace particulates and potential acid mist (that might be released from processing primary batteries)
· This was selected as our starting emission control because they are simple, relatively low capex expenditure, relatively modular systems that we can operate on an extended production ramp and learning curve and scale if necessary. 
· We have an estimate of how much of the battery solvent will be emitted during shredding and drying, but we haven’t verified at scale how much reports to the process water loop (vs emitted to the air) and how that quantity changes with battery feed (ex. power tools have less solvent than cell phone batteries per unit weight) 
· We are expecting the wet scrubber to remove contaminates through a combination of physical (collect and settle out) and chemical (absorption) means.  
· The primary organic solvent, dimethyl carbonate, has relatively high solubility in water (+12%)
· We worked with Hargrove, a contract engineering firm in the US, to model the scrubber/organic interaction, and model a potential emission control design.
· We deviated from their design because the modeled single use water loop would leave an unacceptably large water requirement, so we made the determination to recirculate some of the scrubber water, accept the potential loss in dry scrubber service life, and dispose of scrubber water when/if removal efficiency starts to drop to unacceptable levels. 

The main alternative considered to control organics was a thermal oxidizer (TO, RTO).  
· This was not incorporated due to uncertainties in the quantity of organic emissions mentioned above.
· Because of the capex intensive nature of RTOs, they benefit greatly from a well-defined contaminate load, and continuous operation.
· An RTO also brings a greater level of complexity and maintenance requirements.

The second emission loop is a bag house style dust collector.  
· This style was the recommendation from the equipment manufacturer. 
· It was sized to control the airflow generated from grinding and separating the battery materials and collect the particulate matter.
· We have extensive experience operating this style of dust collection within the wider organization (Ecobat Resources).





image1.emf
14. Abatement  Assessment - Messer BOE.xlsx


14. Abatement Assessment - Messer BOE.xlsx
Rev 1 

																		Oridginally developed for Messer

		Cells		10,000		ton/yr/shift target

				4		ton/hr design throughput						3630		Kg/Hr

						2500		Operating hrs/yr

				9,074,410		Kg/Yr

				11%		Solvent

				25%		batteries have solvent decomposition products



				N2		30		ft³/min		per ton/hr design

						0.0725		lbs/ft³

						0.03		Kg/ft³



				N2 blanket		148,026		Kg/Yr										N2		203,881		L/Hr		204		M³/Hr









																						1		ATM

																				PV=nRT		100		T

																				30.525204

												Kg/yr		Kg/Hr		Mol wt (g/mol)		moles/hr		Volume (L)

								1.05				2,620		1.0480943739		80.52		13.0165719556		397

								37.92				94,628		37.8511796733		44.05		859.2776316304		26230

								0.3				749		0.2994555354		48.06		6.2308684018		190

								5.15				12,852		5.1406533575		44.1		116.5681033454		3558

								1.19				2,970		1.1878402904		46.07		25.7833794309		787

								0.41				1,023		0.4092558984		62.09		6.5913335218		201

								0.59				1,472		0.5889292196		58.12		10.1329872609		309

								3.14				7,836		3.1343012704		58.12		53.9281016933		1646

								3.4				8,485		3.3938294011		92.19		36.8134222919		1124

								0.32				799		0.3194192377		60.1		5.3147959692		162

								0.26				649		0.2595281307		72.15		3.5970634882		110

								0.57				1,422		0.5689655172		72.15		7.8858699548		241

								0.5				1,248		0.499092559		74.08		6.7372105694		206

								0.16				399		0.1597096189		90.2		1.7706166172		54

								0.12				299		0.1197822142		86.18		1.3899073353		42

								34.84		Solvent		86,942				-

								9.63		Solvent		24,031				-

								0.19		Solvent		474				-

		(crude oil)						0.25				624		0.2495462795		230		1.0849838239		33

				Decomp products								138,074		55.2						35,291		L/Hr		35		M³/Hr

				Solvent (from damaged)								111,447

				Solvent (good batteries)								748,639		Kg/hr		MW		Mol/hr		ideal gas law

				Solvent subtotal								860,086		344.0344827586		90.08		3819.2105101978		116,582		L/Hr		117		M³/Hr

				water vapor

				Dewater screen		5%

				drying auger output		0%

						403811.252268603		Kg/yr water vapor						161.5245009074		18.02		8963.6238017448		273,616		L/Hr		274		M³/Hr

						162		L/Hr water loss												Leakage		15%		94		M³/Hr

																								724		M³/Hr		Total





Norit Rev 8.4.22

		Cells		10,000		ton/yr/shift target

				4		ton/hr design throughput						3630		Kg/Hr

						2500		Operating hrs/yr

				9,074,410		Kg/Yr

				11%		Solvent

				25%		batteries have solvent decomposition products



				N2		500		ft³/hr		Per 4 hr line

						0.0725		lbs/ft³

						0.03		Kg/ft³		16		Kg/hr



				N2 blanket		41,118		Kg/Yr										N2		14,158		L/Hr		14		M³/Hr









																						1		ATM

																				PV=nRT		100		T

																				30.525204

												Kg/yr		Kg/Hr		Mol wt (g/mol)		moles/hr		Volume (L)

								1.05				2,620		1.0480943739		80.52		13.0165719556		397

								37.92				94,628		37.8511796733		44.05		859.2776316304		26230

								0.3				749		0.2994555354		48.06		6.2308684018		190

								5.15				12,852		5.1406533575		44.1		116.5681033454		3558

								1.19				2,970		1.1878402904		46.07		25.7833794309		787

								0.41				1,023		0.4092558984		62.09		6.5913335218		201

								0.59				1,472		0.5889292196		58.12		10.1329872609		309

								3.14				7,836		3.1343012704		58.12		53.9281016933		1646

								3.4				8,485		3.3938294011		92.19		36.8134222919		1124

								0.32				799		0.3194192377		60.1		5.3147959692		162

								0.26				649		0.2595281307		72.15		3.5970634882		110

								0.57				1,422		0.5689655172		72.15		7.8858699548		241										158.8785046729				93.4579439252

								0.5				1,248		0.499092559		74.08		6.7372105694		206														0.14873

								0.16				399		0.1597096189		90.2		1.7706166172		54

								0.12				299		0.1197822142		86.18		1.3899073353		42

								34.84		Solvent		86,942				-

								9.63		Solvent		24,031				-

								0.19		Solvent		474				-

		(crude oil)						0.25				624		0.2495462795		230		1.0849838239		33																		0.4444444444

																												2 ton/hr

				Decomp products								138,074		55.2						35,291		L/Hr		35		M³/Hr		17.6		M³/Hr

																																						1280		15.625

				Solvent (from damaged)								111,447

				Solvent (good batteries)								748,639

														Kg/hr		MW		Mol/hr		ideal gas law

				Solvent subtotal								860,086		344.0344827586		90.08		3819.2105101978		116,582		L/Hr		117		M³/Hr		58.3		M³/Hr



				water vapor

				Dewater screen		10%

				drying auger output		5%

						403811.252268603		Kg/yr water vapor						161.5245009074		18.02		8963.6238017448		273,616		L/Hr		274		M³/Hr		136.8		M³/Hr

						162		L/Hr water loss												Leakage		15%		66		M³/Hr

																								506		M³/Hr		Total





Recovered Solvent

				Li ion battery electrolyte degradation of field tested EV battery cells a comprehensive analytical study

				10.1016/j.jpowsour.19.227370

				Section 3.1.1

				Fig 3

								16		2		1		Sigma aldrich SDS

				Section 3.1.1						C1, C2		E1		ρ		Tm		TB		TF

						DMC		25±2		14.5				1.069		2		90		16

						EMC		20±2		37.4				1.01		-55		101		23.9

						DEC		0.70%				45		0.975		-43		126		25

						EC		19-25%						1.321		35		243		143

						PC						4.5		-		-55		240		132

				120		Drying auger operating temp ©

								56%		DMC

										28%		DMC

								52%

						DMC		429		49%

						EMC		395		45%

						DEC		58		7%

								881





Condes.



																Contaminates in air at 100C				Dilution air to meet LEL/UEL

														4		ton/hr design throughput				M³/Hr		M³/Hr		ρ(20C) Kg/M³		ρ(100C) Kg/M³		ρ(120C) Kg/M³

														Kg/Hr		M³/Hr

										0.103432201		DMC		344		117				2763		906

										0.048561512		VOC		55		35				2353		452

												N2		16		14

												H2O		162

												Dilution air (21%O2/79%N2)		3326						2763				1.204		0.9467		0.8868		https://www.engineeringtoolbox.com/air-density-specific-weight-d_600.html

																				1381

												Total		3903



								1		ATM

								100		T				PV=nRT

														30.525204										1.5%		7.8%

				wt %				Kg/yr		Kg/Hr		Mol wt (g/mol)		Volume (L)						T(Boil) [C]		T(Flash) [C]		LEL (Vol%)		UEL (Vol%)

				1.05				2,620		1		80.52		397				*						3.3%		19.0%

				37.92				94,628		38		44.05		26,230						21		-40		4.0%		57.0%		https://cameochemicals.noaa.gov/chemical/2269

				0.3				749		0		48.06		190				*						3.0%		12.4%		internet

				5.15				12,852		5		44.1		3,558										2.1%		9.5%		internet

				1.19				2,970		1		46.07		787						-22		-3		2.0%		50.0%		https://cameochemicals.noaa.gov/chemical/585#:~:text=DIMETHYL%20ETHER%20is%20a%20colorless%2C%20highly%20flammable%20gas%20(b.%20p.%20%2D,aluminum%20hydride%2C%20lithium%20aluminum%20hydride.

				0.41				1,023		0		62.09		201				*						2.1%		9.5%		internet

				0.59				1,472		1		58.12		309										1.6%		10.0%		internet

				3.14				7,836		3		58.12		1,646										1.7%		12.0%		internet

				3.4				8,485		3		92.19		1,124

				0.32				799		0		60.1		162

				0.26				649		0		72.15		110

				0.57				1,422		1		72.15		241						22		-49		1.5%		7.8%		https://cameochemicals.noaa.gov/chemical/1288

				0.5				1,248		0		74.08		206

				0.16				399		0		90.2		54

				0.12				299		0		86.18		42

				34.84		Solvent		86,942		- 0		-		- 0

				9.63		Solvent		24,031		- 0		-		- 0

				0.19		Solvent		474		- 0		-		- 0

				0.25				624		0		230		33

																DMC				90		16		4.22%		12.87%		SDSPro 6470, 4219

																		*		using basic HC (not halogenated HC)

																				moles/hr		Mol%												Kg/Hr		mol/Hr		mol %

																				13		0.01%										2-Chloroethanol		1.0		13.0		0.01%

																				859		0.66%										Acetaldehyde		37.9		859.3		0.66%

																				6		0.00%										Fluoroethane		0.3		6.2		0.00%

																				117		0.09%										Propane		5.1		116.6		0.09%

																				26		0.02%										Dimethyl Ether		1.2		25.8		0.02%

																				7		0.01%										Fluoropropane		0.4		6.6		0.01%

																				10		0.01%										I-butane		0.6		10.1		0.01%

																				54		0.04%										N-butane		3.1		53.9		0.04%

																				37		0.03%										Fluorotrimethyl silane		3.4		36.8		0.03%

																				5		0.00%										Methoxy Ethane		0.3		5.3		0.00%

																				4		0.00%										I-pentane		0.3		3.6		0.00%

																				8		0.01%										N-pentane		0.6		7.9		0.01%

																				7		0.01%										Methyl acetate		0.5		6.7		0.01%

																				2		0.00%										Trimethyl silanol		0.2		1.8		0.00%

																				1		0.00%										3-methyl pentane		0.1		1.4		0.00%

																Heavy Hydrocarbons				1		0.00%										Heavy Hyrdocarboons		0.0		1.1		0.00%

																DMC				3819		3%										Dimethyl carbonate		344		3819		2.93%

														28		N2				94386		73%										N2		2644		94386		72.52%

														32		O2				21829		17%										O2		698		21829		16.77%

														18		H2O				8966		7%										H2O		162		8966		6.89%

																																Total		3903

																				130,157		Moles

																																+



https://cameochemicals.noaa.gov/chemical/585

Split Emissions

		Cells		10,000		ton/yr/shift target

				4		ton/hr design throughput						3630		Kg/Hr

						2500		Operating hrs/yr

				9,074,410		Kg/Yr

				8%		Solvent

						725,953		Kg/yr Solvent

						27%		Solvent aerosolizes on dry shred

				25%		batteries have solvent decomposition products

						544,465		Kg/yr Solvent

						181,488		Kg/yr Decomposition Products

								81,053		Kg/yr Solvent		0.45

								100,417		Kg/yr VOCs		0.55										1		ATM

																				PV=nRT		40		T (C )

																				25.683841

												Kg/yr		Kg/Hr		Mol wt (g/mol)		moles/hr		Volume (L)

								1.05				1,906		0.7622504537		80.52		9.4665977859		243

								37.92				68,820		27.5281306715		44.05		624.9291866403		16051

								0.3				544		0.2177858439		48.06		4.5315406558		116

								5.15				9,347		3.7386569873		44.1		84.776802433		2177

								1.19				2,160		0.8638838475		46.07		18.751548677		482

								0.41				744		0.2976406534		62.09		4.7936971067		123

								0.59				1,071		0.4283121597		58.12		7.3694452806		189

								3.14				5,699		2.279491833		58.12		39.2204375952		1007

								3.4				6,171		2.4682395644		92.19		26.7733980305		688

								0.32				581		0.2323049002		60.1		3.8653061594		99

								0.26				472		0.1887477314		72.15		2.6160461732		67

								0.57				1,034		0.4137931034		72.15		5.735178149		147

								0.5				907		0.3629764065		74.08		4.899789505		126

								0.16				290		0.1161524501		90.2		1.2877211762		33

								0.12				218		0.0871143376		86.18		1.0108416984		26

								34.84		Solvent		63,230				-

								9.63		Solvent		17,477				-

								0.19		Solvent		345				-

		(crude oil)						0.25				454		0.1814882033		230		0.7890791446		20



												Kg/yr		Kg/Hr		Mol wt (g/mol)		moles/hr		Volume (L)				4 ton/hr				2 ton/hr

				VOCs (Decomp products)								100,417		40.2						21,595		L/Hr		22		M³/Hr		10.8		M³/Hr		VOCs (Decomp products)								DMC/VOC

				Solvent (decomp Products)								81,053		32		90.08		360		9,244		L/Hr		9		M³/Hr		4.6		M³/Hr		Solvent (decomp Products)						Kg/hr (4 tph)		132		212

																																						Kg/hr (2 tph)		66		106

				Solvent (Aerosol)		range		27%				148,639		59		90.08		660		16,952		L/Hr		17		M³/Hr		8.5		M³/Hr		Solvent (Aerosol)										10,000		2500		23.6123967225

						range		64%				347,913		139		90.08		1545		39,679		L/Hr		40		M³/Hr		19.8		M³/Hr		range



				N2 on (per 4 ton ES300)		500		ft³/hr

						0.0725		lbs/ft³

						0.03		Kg/ft³				41,118		16										14		M³/Hr		7.1		M³/Hr		N2 on (per 4 ton ES300)

						35.3147		ft³/m³



				Drying 

				Dewater screen		10%				drying auger output		2%

				"water"		667877		Kg/yr

				Solubility limit (DMC in water)				13.9		g DMC		100		mL water

				density, water		0.997		g/cc water														1		ATM

				12%		DMC in water														PV=nRT		100		T (C )

																				30.525204

												Kg/yr 		Kg/Hr		Mol wt (g/mol)		moles/hr		Volume (L)				4 ton/hr				2 ton/hr

				water vapor								586,156		234		18.02		13,011		397,170		L/Hr		397		M³/Hr		199		M³/Hr		water vapor

				Solvent (in water)								81,721		33		90.08		363		11,077		L/Hr		11		M³/Hr		5.5		M³/Hr		Solvent (in water)												2500		76.4799030341





				Dewatering/recycling loop 

												Kg/yr 		4 ton/hr				2 ton/hr						2 ton/hr

				Solvent 		Low range, depending on aerosol						114,831		46		Kg/Hr		23		Kg/Hr				25		L/HR

						High range						314,105		126		Kg/Hr		63		Kg/Hr				67



						Undefined 		Evaporation losses

								Decompositon losses (methanol)

								If DMC at solubility limit in water is acceptable for recirculation





Scrubber in.out

				Reported to Sly for AZ																								PV=nRT

																										P (ATM)		R [(L*ATM)/(mol*K)]		T ©

																										1		0.082057		120

				 		Hargrove / AZ / 4 tph				 		Hargrove / AZ / 4 tph														RT/P=		32.248401

				Component		Scrubber Inlet (kg/hr)		Scrubber inlet ppm		 		Scrubber out (kg/hr)		ppm										mol wt		mol/hr		Vol/hr (L)

				DMC		130		104,000		 		0		0										90.08		1443		46539.6550843695

				Acet		13		10,400		 		0.76		929										44.05		295		9517.1217480136

				HF		3		2,400		 		2.60E-08		3.20E-05										20.006		150		4835.8094071778

				Water		278		222,400		 		11		13,232										18		15444		498058.637666667

				Nitrogen		719		 		 		703		 										28.01		25669		827797.226669047				M³		L		Mol		Kg/hr air

				Air		107		 		 		103		 				N2		80%		28.01		28.808		3714		119778.495799778				6493.4730536249		6493473.05362495		201357.985272664		5800.7208397349

				Total		1250		 		 		818		 				O2		20%		32

																												1506526.94637505		L

				 		Germany / 2 tph				 		Germany / 2 tph																1506.5269463751		M³

				Component		Scrubber Inlet (kg/hr)		Scrubber inlet ppm		 		Scrubber out (kg/hr)		ppm										N2		804.6

				DMC		65		104,000		 		0		0										O2		21.4		3%

				Acet		7		10,400		 		0.4		929

				HF		2		2,400		 		1.31E-08		3.20E-05

				Water		139		222,400		 		5		13,233

				Nitrogen		360				 		351		 

				Air		54		 		 		52		 

				Total		625		 		 		409		 
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14. Abatement Assessment - Li-ion Flows.xlsx
Sheet1

				Solids																																		Water

				4		ton/hr				10000		ton/yr/shift objective

				Operating hours

				8760		Hrs																																						Arkema Rev 1								EPS Rev 0														ETP Sketch

						35,040		ton/yr																																				3-6 hr resonance time								10,000		gal EQ tank												Arkema notes

				8		hr/shift																																				50% removal		2,000		ton H202						3,000		Gal Oxidation tank (1 hr resonance

																																										90% removal		3,800		ton H202						3,000		Gal precip tank (1 hr resonance)

																																																				5,000		gal scrubber recirc tank										Scrubber Design				Hargrove report

																																																				5,000		gal sludge tank										4,000		Kg/hr water

																ETP																																				ETP												1,057		Gal/hr

																																																																Scrubber spec				Sly Quote 3/6/23

																																																																60		gal/min

																																																																		400		gal recirc tank

																Scrubber						Baghouse / Stack																														Scrubber						Baghouse / Stack								7		min loop

																																																																		3600		gal/hr





				Batteries (Raw Mat)						Shred						Dry						Sep						Products (and wastes)										Batteries (Raw Mat)						Shred								Dry						Sep						Products (and wastes)



																																						100%		on												278		Kg/hr water vapor

																																				8		gal/min		primary																						2022.07.08 Ecobat Equipment List

										Process Water																										8		gal/min		primary 2				Process Water

																																						gal/min		Den. Sep

																																				 		gal/min		Den Sep 2				1,000		gal Clean water tank																				WTNK-2003

																																				5		gal/min		Triplus						3785		L

																																				5		gal/min		Triplus 2				100%		Size of clean water loop

																																														1000		Gal

																																				26		gal/min						500		grey water tank																				WTNK-2004

																																														1893		L







				Air																																		Electrolyte																Solvent		"DMC" Air		"DMC" Water						8760

																																																				Solvent		in feed						VOC

																										Email regualtory limits for AZ 9/16/22																										loading		ton/yr		Kg/hr		Kg/hr		Kg/hr		lb/hr		ton/yr		11520

																						0.5		Kg/Hr VOC Target																										18650 (cell basis)		6%		2,102		63		143		12		26.4		116		480		TEAMS; % Blackmass

																						10.3		Kg/Hr VOC Limit (100 ton/yr)																										EV (pack basis)		8%		2,873		86		196		16		36.08		158				TEAMS; % Blackmass

																																																		EV Pouch (cell basis)		11%		3,854		115		262		22		48.4		212		880		TEAMS; % Blackmass

																																																		Laptop (battery basis)		5%		1,752		52		119		10		22		96				TEAMS; ESDP Test Plan

																																																		Powertool (battery basis)		4%		1,296		39		88		7		16.28		71				TEAMS; ESDP Test Plan



																ETP																																				ETP												TEAMS; small experiments

																																						27%		DMC aerosolized (not including decomp)																								WAG

																																						10%		Battery contain decomposition products																								TEAMS; Messer BOE

																																								45%		DMC		55%		VOC

																Scrubber						Baghouse / Stack																														Scrubber						Baghouse / Stack







				Batteries (Raw Mat)						Shred						Dry						Sep						Products (and wastes)										Batteries (Raw Mat)						Shred								Dry						Sep						Products (and wastes)







										Process Water																																		Process Water																		denisty		solub. In water

																																																														Kg/L		g/L

				Dry Scrubber ©				140		ft³ bed																																																DMC		49%		1.0656		138		12%

				media		Desc		Contaminent				ρ (lb/ft3)		Loading				quantity captured (lbs)																																								EMC		45%		0.975		47.1		4%

				CPIIZ		KMnO4		VOC				60		10%				840										BOE Continental Carbon																														DEC		1%		1		18.8		2%

				4x8S		C		Org (DMC)				30		25%				1050										BOE Continental Carbon										1000		Gal in system at steady state (saturated)												3785		L								0.970894

				time to saturation						DMC (Hr)		VOC (HR)				4x8s (ton/yr)				CPIIZ (ton/yr)																				459		Kg Soluble DMC				431		L

				18650 (cell basis)						8		32				2,422				1,156																				170		Kg Soluble EMC				175		L								72		L DMC/hr		578		L DMC/shift

				EV (pack basis)						6		23				3,310				1,580																				70		Kg Soluble DEC				70		L								66		L EMC/Hr		531		L EMC/shift

				EV Pouch (cell basis)						4		17				4,440				2,120																				3110		L water				675		L dissolved solvents								1		L DEC/Hr		12		L DEC/shift

				Laptop (battery basis)						9		38				2,018				964																						821.6120803296		Gal		178

				Powertool (battery basis)						12		52				1,494				713

																																						Process Water

																																																				Primary Shredder						Dewatering auger, collection pump





																																																				Primary Shredder						Dewatering auger, collection pump





																																																				Denisty Separator						Recirc basin

																																						Clean Water tank						Pump/Manifold



																																																				Denisty Separator						Recirc basin





																																																				Triplus						Dewatering auger, collection pump





																																						Overflow/settling tank?														Triplus						Dewatering auger, collection pump						Grey water tank





																																						Shredder water loop

																																						3785		L "Clean water loop"																		Settling tanks						Wave conveyor

																																								1000		gal

																																						Incoming solvent

																																						147		L/Hr Solvent to the water loop																		Time to saturation

																																								18650 (cell basis)																		DMC		6		Hr

																																						311		gal solvent/shift to water loop																		EMC		3		Hr

																																																										DEC		47		Hr

																																						1311		gals loaded "Clean water loop" end of shift
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				Hargrove waste water estimates






