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Project Objectives

» Establish a SOFC Development and Demonstration Test Center at the EERC,
enabling testing on coal and natural gas derived fuels.

* Provide fuel storage and delivery system to meet the need to evaluate SOFCs
performance and long-term durability.

* Perform component- and system-level SOFC testing using variety of fuels.
* Multiyear project with two activities

— Activity 1: Fabricate and Validate SOFC Test Facility

— Activity 2: Component- and System-Level SOFC Testing to Support SOFC
Program Activities



Project Schedule

Activity 2: Oct. 1, 2022 - April 31, 2024

2022

2023

2024

Q4

Ql Q2 Q3 Q4

Ql

Q2

Tasks

Oct

Nov

Dec

Jan | Feb | Mar | Apr | May| Jun | Jul [ Aug | Sep | Oct | Nov | Dec

Task 1

2.1 Project Management through 1/31/2024

D1 D1 D1 D1

Task 2

2.2.1 SOFC performance and durability assessment using alternative fuels

1) Coordination with SOFC suppliers

2) Parametric & durability test using ammonia

3) Understand degradation mechanism & develop mitigation approaches

Jan | Feb | Mar

Apr

D2

4) Postmortem analysis

2.2.2 Optimization of proton conducting electrolyte and cell development

1) Conductivity, stability, and thermal property of electrolyte.

2) Evaluation of electrolyte durability

3) Post-mortem analysis

2.2.3 Establish the capability of SOFC cell processing and prepare button cells

1) Cell processing lab and equipment readiness

2) Prepare button cells to meet the development need of 2.2.1 and 2.2.2

Task 3

2.3 Development of protocols for accelerated stress tests

Select accelerated stress tests, design test matrix, generate test procedures

RIODIC TABLE




Gantt Chart_rev0

				Work Breakdown Strucutre

				SUBTASK 5.1 – SOLID OXIDE FUEL CELL DEVELOPMENT AND DEMONSTRATION TEST CENTER

		Activity 2: Oct. 1, 2022 - April 31, 2024				2022						2023																								2024

						Q4						Q1						Q2						Q3						Q4						Q1						Q2

		Tasks				Oct		Nov		Dec		Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec		Jan		Feb		Mar		Apr

		Task 1		2.1  Project Management through 1/31/2024								D1						D1						D1						D1												D2

		Task 2		2.2.1 SOFC performance and durability assessment using alternative fuels

				1) Coordination with SOFC suppliers

				2) Parametric & durability test using ammonia																		M4

				3) Understand degradation mechanism & develop mitigation approaches

				4) Postmortem analysis

				2.2.2 Optimization of proton conducting electrolyte and cell development

				1) Conductivity, stability, and thermal property of electrolyte.

				2) Evaluation of electrolyte durability

				3) Post-mortem analysis

				2.2.3 Establish the capability of SOFC cell processing and prepare button cells

				1) Cell processing lab and equipment readiness

				2) Prepare button cells to meet the development need of 2.2.1 and 2.2.2

		Task 3		2.3 Development of protocols for accelerated stress tests

				Select accelerated stress tests, design test matrix, generate test procedures

		Task 4		Coordination with SOFC and SOFC Component Manufacturers/Developers) 







Gantt chart

				Work Breakdown Strucutre

				SUBTASK 5.1 – SOLID OXIDE FUEL CELL DEVELOPMENT AND DEMONSTRATION TEST CENTER

				Activity 2: Sept, 2022 - Apr 30, 2024		2023										2024

				Tasks		Aug		Sep		Oct		Nov		Dec		Jan		Feb		Mar		Apr

		Task 1		2.1  Project Management through 1/31/2024						D1						D1						D2

		Task 2		2.2.1 SOFC performance and durability assessment using alternative fuels

				1) SOFC testing using ammonia

				2) SOFC testing using renewable natural gas										M3						M3

				3) Post-mortem analysis

				4) Horiba testing stand upgrade

				2.2.2 Optimization of proton conducting electrolyte and cell development

				1) Conductivity and stability evaluation of electrolyte.				M4

				2) Cathode and anode materials development		M5										M5

				3) Button cells testing										M6						M6

				4) Back-up plan for SOFC development

		Task 3		2.3 Development of protocols for accelerated stress tests

				Select accelerated stress tests, design test matrix, generate test procedures										M9

		Task 4		Gasification run

				Activity 2: Sept, 2022 - Apr 30, 2024		2023										2024

				Tasks		Aug		Sep		Oct		Nov		Dec		Jan		Feb		Mar		Apr

		Task 1		2.1  Project Management through 1/31/2024						D1						D1						D2

		Task 2		2.2.1 SOFC performance and durability assessment using alternative fuels

				1) SOFC testing using ammonia

				2) SOFC testing using renewable natural gas

				3) Post-mortem analysis

				4) Horiba testing stand upgrade

				2.2.2 Optimization of proton conducting electrolyte and cell development

				1) Conductivity and stability evaluation of electrolyte.

				2) Cathode and anode materials development

				3) Button cells testing

				4) Back-up plan for SOFC development

		Task 3		2.3 Development of protocols for accelerated stress tests

				Select accelerated stress tests, design test matrix, generate test procedures

		Task 4		2.4 Coordination with SOFC and SOFC Component Manufacturers/Developers





WBS for 5.1 Phase 2

				Work Breakdown Strucutre

				Subtask 5.1 Phase 2: October 1, 2022 - Jan 31, 2024		Total, hr.		$																										Others								Budget, S		Available fund, S

		Revision		19-Sep-22						Chad		Josh		Olderbak		Zhien		Jivan		Ted		Brunner		Jasmine		Collings		Eric T		Sanford		Ashraf		Undesig.		Ben		Shirek R.		Student

tc={EA17C8F3-FFA3-4CB3-BD65-7A968FD6F7B9}: [Threaded comment]

Your version of Excel allows you to read this threaded comment; however, any edits to it will get removed if the file is opened in a newer version of Excel. Learn more: https://go.microsoft.com/fwlink/?linkid=870924

Comment:
    Daisy's student

		24039		2.1 - Project Management and reporting through 1/31/2024		270				20		30		90		90		0		0		0		0		0				0		0		40		0		15		0		$58,318		$68,722

				Quarterly Reports, weekly meeting, final report						20		30		90		90																		40				15

				Travel

				Supplies/support/workflow				$5,000																																				$		Date

		24041		2.2 –SOFC Testing - 		2640		0		0		30		0		335		500		280		100		0		0		180		20		515		100		480				100		$802,096		$817,683		8/31/23

		Task 2.2.1		SOFC performance and durability assessment using alternative fuels		1305						30				170		500		0		20		0		0		0		20		515		0		0				50				$746,286		9/22/23

				1) Ammonia fuel								20				30		240				20								20		240								50				$686,135		10/4/23

				2) Renewable natural gas								10				20		220														200												$524,762		11/1/23		$161,373		hrs

				3) Postmorttem analysis												120		40														75												$452,571		11/8/23		$72,191		-24		-963

				4) Supplies				$2,000																																				$399,419		12/7/23		$53,152		-16		-886

				5) PC&D																																								$306,206		1/10/24		$93,213		-15		-472

		2.2.2		Optimization of proton conducting electrolyte and cell development		1155						0				165		0		280		0		0		0		180		0		0		0		480				50				$159,638		14-Feb		$146,568		-12		-471

				1) Conductivity and stability evaluation of electrolyte.												10				160								180								160				50												-328

				2) Cathode and anode materials development												10				120																120

				3) Button cells testing												20																				120

				4) Back-up plan for SOFC development												125																				80

				5) Characterization/NMARL				$3,500

				6) PC&D



				100 W SOFC stack - test rig upgrade		180		$82,400

tc={BDD9131E-1973-4DC6-B6A2-A3FA42BCD760}: [Threaded comment]

Your version of Excel allows you to read this threaded comment; however, any edits to it will get removed if the file is opened in a newer version of Excel. Learn more: https://go.microsoft.com/fwlink/?linkid=870924

Comment:
    Stack cost														80												100

				Supplies				$8,500

tc={551A6BD9-AA6C-405E-83B1-E1D43B0055F1}: [Threaded comment]

Your version of Excel allows you to read this threaded comment; however, any edits to it will get removed if the file is opened in a newer version of Excel. Learn more: https://go.microsoft.com/fwlink/?linkid=870924

Comment:
    Materials/parts for upgrading Horiba

				Travel				$2,400

		2.3		Development of protocols for accelerated stress tests		220				0				0		200		0		0		0		0		0		0		0		0		20		0

				Select accelerated stress tests, design test matrix, generate test procedures												200		0																20



		2.4		Gasification		1480						400		0		0		0		0		0		300		300		0		0		0		480		0

				Coal gasification run and characterization								400												300		300								480



		Total manhours				4610				20		460		90		625		500		280		100		300		300		180		20		515		640		480				100		$865,552		$889,239

				Sept 2023 - April 2024						2%		39%		8%		53%		42%		24%		8%		25%		25%		15%		2%		43%		54%		41%						97.3%

















Daisy's student



Stack cost



Materials/parts for upgrading Horiba







Budget

				Ver: 7/5/2023		Complete Highlighted Fields

										Budget Year 1

												Task 1				Task 2				Task 3				Task 4				Task 5				Task 6

						Estimated Budget Amount:						$   74,000

Callina, Brock: Start here with a rough estimated amount for your budget. This must be completed to calculate mgmt costs
				510000				40000				240000														$   864,000

				Period of Performance		Start Date (mm/dd/yy)				9/1/23		No. of 																														If a name highlights then they fall within a cost center and will need to have the associated fee budgeted for each hour of their time

						End Date (mm/dd/yy)				4/30/24		Months		8

						Source of Funding (select one)								FALSE

														TRUE																												Shops/Ops

														FALSE																												Engineering Services

																																										Geoscience Services

		DRAFT BUDGET(DOES NOT OBLIGATE UND-EERC)

				Title

				Company Name

				Your Name

				Cost Share/In-Kind?



										HOURLY		Task 1 Prg Mgmt				Task 2 SOFC testing				Task 3 AST				Task 4 Gasification				Task 5				Task 6				TOTAL

		KEY

Callina, Brock: Place an "X" next to anyone who is key to the project.
		LABOR		LABOR CATEGORY		INDEX		RATE		HRS		$COST		HRS		$COST		HRS		$COST		HRS		$COST		HRS		$COST		HRS		$COST		HRS		$COST

				Aulich, T.		Principal Investigator		8		$   91.35				$   -		280		$   25,578		-		$   -		-		$   -		-		$   -		-		$   -		280		$   25,578

				Liu, Z.		Research Scientist/Engineer		106		$   78.75		90		$   7,088		335		$   26,381		200		$   15,750		-		$   -		-		$   -		-		$   -		625		$   49,219

				Thakare, J.		Research Scientist/Engineer		182		$   63.01				$   -		500		$   31,505		-		$   -		-		$   -		-		$   -		-		$   -		500		$   31,505

				Peterson, B.		Research Scientist/Engineer		142		$   38.00				$   -		480		$   18,240		-		$   -		-		$   -		-		$   -		-		$   -		480		$   18,240

				Hossain, A.		Research Scientist/Engineer		75		$   38.48				$   -		515		$   19,817		-		$   -		-		$   -		-		$   -		-		$   -		515		$   19,817

				Theisen, E.		Research Scientist/Engineer		183		$   60.57				$   -		180		$   10,903		-		$   -		-		$   -		-		$   -		-		$   -		180		$   10,903

				Brunner, J.		Research Scientist/Engineer		27		$   40.12				$   -		100		$   4,012		-		$   -		-		$   -		-		$   -		-		$   -		100		$   4,012

				Olderbak, M.		Research Scientist/Engineer		133		$   44.60		90		$   4,014		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		90		$   4,014

				Collings, M.		Research Scientist/Engineer		35		$   82.43		-		$   -		-		$   -		-		$   -		300		$   24,729				$   -		-		$   -		300		$   24,729

				Wocken, C.		Research Scientist/Engineer		192		$   98.39		20		$   1,968		-		$   -		-		$   -		-		$   -				$   -		-		$   -		20		$   1,968

				Strege, J.		Research Scientist/Engineer		174		$   87.72		30		$   2,632		30		$   2,632		-		$   -		400		$   35,088				$   -		-		$   -		460		$   40,352

				Sanford, J.		Research Scientist/Engineer		156		$   33.02		-		$   -		20		$   660		-		$   -		-		$   -				$   -		-		$   -		20		$   660

				Shirek, R.		Research Scientist/Engineer		165		$   34.73		15		$   521		-		$   -		-		$   -		-		$   -				$   -		-		$   -		15		$   521

				Technical Support Personnel		Research Scientist/Engineer		206		$   44.46		40		$   1,778		-		$   -		20		$   889		-		$   -				$   -		-		$   -		60		$   2,667

				Jasmine O		Time for Your AA		ERROR:#N/A		$   45.14		-		$   -		-		$   -		-		$   -		300		$   13,542		-		$   -		-		$   -		300		$   13,542

				Daisy's student						$   25.00						100		$   2,500

				Communications and Outreach		Research Scientist/Engineer		216		$   46.74		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Data Analyst		Research Scientist/Engineer		217		$   66.35		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Design Engineer		Research Scientist/Engineer		218		$   49.13		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Field Operations Engineer		Research Scientist/Engineer		219		$   46.34		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Geophysicist		Research Scientist/Engineer		220		$   55.95		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Geoscientist		Research Scientist/Engineer		221		$   48.17		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Laboratory Analyst		Research Scientist/Engineer		222		$   54.28		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Material Scientist/Chemist		Research Scientist/Engineer		223		$   61.54		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Petrophysicist 		Research Scientist/Engineer		224		$   54.27		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Pilot Operations Engineer		Research Scientist/Engineer		225		$   62.07		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Process Engineer		Research Scientist/Engineer		226		$   62.07		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Regulatory Specialist		Research Scientist/Engineer		227		$   48.19		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Research Manager		Research Scientist/Engineer		228		$   47.91		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Reservoir Engineer		Research Scientist/Engineer		229		$   55.04		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Strategic Business Development		Research Scientist/Engineer		230		$   53.19		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Surface Field Engineer		Research Scientist/Engineer		231		$   41.31		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Travel Coordinator		Research Scientist/Engineer		232		$   26.00		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Post-Doc		Research Scientist/Engineer		233		$   25.00		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				SERC Research		Research Scientist/Engineer		234		$   53.19		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Operators/Mechanics		Research Scientist/Engineer		235		$   38.31		-		$   -		100		$   3,831		-		$   -		480		$   18,389		-		$   -		-		$   -		580		$   22,220

				Electrical and Instrumentation		Research Scientist/Engineer		236		$   41.81		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Safety Specialist		Research Scientist/Engineer		237		$   43.36		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Facilities/BST		Research Scientist/Engineer		238		$   27.68		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Document Production Specialist		Research Scientist/Engineer		239		$   41.57		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Contracts Officer		Research Scientist/Engineer		240		$   55.03		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				GIS Specialist		Research Scientist/Engineer		241		$   47.84		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Software Solutions Developer/IT		Research Scientist/Engineer		242		$   30.59		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				Accounting/Budget Analyst		Research Scientist/Engineer		243		$   35.86		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				--------------		Operators / Mechanics / Instrument Tech.				$   36.21		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				--------------		Grad-Student				$   24.44		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				--------------		Travel Coordinator				$   38.94		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -		-		$   -

				--------------		Manangement Cost								$   1,412

Callina, Brock: Based on "Estimated Budget" entered above.
				$   9,731				$   763				$   4,579				$   -				$   -				$   16,485

												285		19,413		2,640		155,790		220		17,402		1,480		96,327		-		-		-		-		4,525		$   288,932



				Escalation Above Current Base						0%				$   -				$   -				$   -				$   -				$   -				$   -				$   -



				Total Direct Labor										$   19,413				$   155,790				$   17,402				$   96,327				$   -				$   -				$   288,932



				Fringe Benefits						62%				$   12,036				$   96,590				$   10,789				$   59,723				$   -				$   -				$   179,138



				Total Labor										$   31,449				$   252,380				$   28,191				$   156,050				$   -				$   -				$   468,070



				OTHER DIRECT COSTS



				Travel (COMPLETE THE "TRAVEL" WORKSHEET)

Callina, Brock: Remember to link from detail on Travel Tab.		

Callina, Brock: Place an "X" next to anyone who is key to the project.
												$   -				$   2,400				$   -				$   -				$   -				$   -				$   2,400

				Communications - phone and postage										$   -				$   -				$   -				$   -				$   -				$   -				$   -

				Printing and Duplicating										$   -				$   -				$   -				$   -				$   -				$   -				$   -

				Supplies										$   5,000				$   10,500				$   -				$   -				$   -				$   -				$   15,500

				Nitrogen in excess of 30,000 ft3/day? Work with Mike Swanson										$   -				$   -				$   -				$   -				$   -				$   -				$   -

				Drum Qty. - Hazardous Waste		Discuss with Ken Grohs								$   -				$   -				$   -				$   -				$   -				$   -				$   -

				Utilities for remote sites										$   -				$   -				$   -				$   -				$   -				$   -				$   -

				Food for client lunches and breaks										$   -				$   -				$   -				$   -				$   -				$   -				$   -

				Freight for field samples or coal										$   -				$   -				$   -				$   -				$   -				$   -				$   -

				Equipment (>$5,000)										$   -

Callina, Brock: If equipment is over $5,000 fill out equipment description at the bottom of this page.
				$   82,400				$   -				$   -				$   -				$   -				$   82,400

				Consultant/Subcontract										$   -				$   -				$   -				$   -				$   -				$   -				$   -

				Outside Lab										$   -				$   -				$   -				$   -				$   -				$   -				$   -

				FEES

				NMARL										$   -

Callina, Brock: Note all "Fees" are linked to the Cost Center tab. Complete the Cost Center tab to populate this section.
		

Callina, Brock: Start here with a rough estimated amount for your budget. This must be completed to calculate mgmt costs
		

Callina, Brock: Based on "Estimated Budget" entered above.
				$   3,500				$   -				$   -				$   -				$   -				$   3,500

				ARL										$   -				$   -				$   -				$   -				$   -				$   -				$   -

				Combustion Test Svc										$   -				$   -				$   -				$   -				$   -				$   -				$   -

				Particulate Lab										$   -				$   -				$   -				$   -				$   -				$   -				$   -

				Process Chemistry & Dev. Lab.										$   -				$   -				$   -				$   -				$   -				$   -				$   -

				GC/MS Lab										$   -				$   -				$   -				$   -				$   -				$   -				$   -

				Fuel Prep. and Maintenance										$   -				$   -				$   -				$   -				$   -				$   -				$   -

				Continuous Fluidized-Bed Reactor										$   -				$   -				$   -				$   -				$   -				$   -				$   -

				Document Production Services										$   -				$   -				$   -				$   -				$   -				$   -				$   -

				Shop & Operations Support										$   -

Callina, Brock: Calculates automatically based on operator hours. Do not change.		

Callina, Brock: If equipment is over $5,000 fill out equipment description at the bottom of this page.
				$   -				$   -				$   -				$   -				$   -				$   -

				Software Solution Services										$   -				$   -				$   -				$   -				$   -				$   -				$   -

				Technical Software Recharge (Aspen)										$   -				$   -				$   -				$   -				$   -				$   -				$   -

				Engineering Services										$   -				$   -				$   -				$   -				$   -				$   -				$   -

				Field Safety Fee										$   -				$   -				$   -				$   -				$   -				$   -				$   -

				Geoscience Services										$   -				$   -				$   -				$   -				$   -				$   -				$   -



				TOTAL OTHER DIRECT COST										$   5,000				$   98,800				$   -				$   -				$   -				$   -				$   103,800



				TOTAL DIRECT COST										$   36,449				$   351,180				$   28,191				$   156,050				$   -				$   -				$   571,870



				FACILITIES & ADMIN. RATE - % OF MTDC						60.0%				$   21,869				$   161,268				$   16,915				$   93,630				$   -				$   -				$   293,682



				TOTAL ESTIMATED COST										$   58,318				$   512,448				$   45,106				$   249,680				$   -				$   -				$   865,552		Available		820





						EQUIPMENT DETAIL

						Fabricated Equipment								$COST

														 

						OxEon stack

														$   - 0

														$   - 0

						Total Estimated Cost: (Name of System to match proposal text)								$   - 0



						Other Equipment (Off the Shelf)

														$   - 0

														$   - 0

														$   - 0



						    Total Equipment								$   - 0





Federal or ND State Entities 51%)

Commercial (60%)

Joint Venture (Avg. 55%)



Dec 08 2023

		Transfer from (yellow)						Charge for last pay peroid		Hours recommended to remove				Transfer to

				Hours		$								Horiba		Hours		$

		Mike C		240		19,742				220				Supplies				1000

		Raymond DeWall		36		1,994								Labor

		John Harju		21		4,015		3

		Jesse Iverson		-10		-314		30						Jesse Iverson		40

		Brian Kalk		2		286								Tim Kujawa		10

		Dawn Seaver		11		866		2

		Rhonda Shirek		45		1,563

		Andria Spaeth		5		156		1

		Operators/Mechanics		183		7,815		18		183				Josh		?

		Technical support		20		779

		Total				36,902

		Ted A		78		7,125								Ted		35

		John B		86		3,450		10

		Ashraf		249		9,868		46						Ashraf		20

		Zhien		191		15,041		54						Zhien		80

		Ben P		-9		-342		73						Ben		260

		Josh		268		23,509		16		TBD						TBD

		Jivan		344		23,188		24		84						260		after reallocation

		Eric T		32		4,119		36						Eric		70

						85,958										963		152,944

		Fee - ARL				-225

		Fee - Doc Proc Serv				866

		Fee - Engineering cc				3,956

		Fee - Shops & Ops				2,289

		Fees				72

		Supplies				39,249

		Travell				2,643
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Task 2.2 SOFC Component Testing

2.2.1 SOFC Performance and Durability Test Using Alternative Fuels

» Use commercially available SOFC cells.

« SOFC cell performance and durability using alternative fuels are comparable to baseline
data.
— Ammonia
— Renewable natural gas

« Two types of SOFCs

— Anode-supported cells
— Electrolyte-supported cells

2.2.2 Development of Proton-Conducting Electrolyte
* Process development for higher densification

 Electrolyte characterization
— Conductivity, XRD, SEM, TGA, DSC



SOFC Testing — NH, Decomposition from 450°-750°C

« Performed in a tubular furnace with fuel injection tube.
 Inline LGA used for exhaust gas analysis.
* NH; concentration is “estimated” by the difference of 100% and LGA data.

TestPerformed | + oo | o/ 0o | % 0, | % H,S | %Ny | %Hy, | %CO, | Total | ESt7
on NH;
Day 1 450 | 0 : 0 12 2 0 100 | 85
Day 1 500 | 0 : 0 13 4 0 100 | 82
Day 1 600 | 0 0 0 17 19 0 100 | 63
Day1&2 | 650 | O 0 0 21 36 0 100 | 42
Day 2 675 | 0 0 0 24 47 0 100 | 29
Day 2 700 | 0 0 0 27 56 0 100 | 17
Day 2 750 | 0 0 0 31 70 0 101 R

E)EERC | UNDNORTH DAKOTA



SOFC Testing — Cell Performance with Different Fuel Compositions

Cell V/I and P/l Curves with H, and Reformed NH; Fuel.

Three tests

Test 1: system shakedown
Test 2: H, and reformed NH,4
Test 3: modified setup

Durability test failed due to unstable cell performance

Temperature — 675°C

H, test
— Fuel flow: 200 sccm
— Airflow: 400 sccm

Reformed NH; Test

— Fuel Flow: 200 sccm
¢ NH;: 29%
¢ H,:47%
¢ N,:24%

— Airflow — 400 sccm

Voltage (V)
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o
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o
o

o
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0.0

0.00

Reformed NH,

0.05
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+—H2 - Test#3

— =PD-H2 test#2

—+# =PD-H2 test#3

H2 - Test#2
——Reformed NH3 - Test#3
~i— PD-Reformed NH3 test#2
—e—PD-Reformed NH3 test#3
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Voltage (V)

SOFC Testing using Modified Procedures

Post-test inspection indicates cell cracking

1.2

1.0

0.8

0.6

0.4

0.2

0.0

Cell installation procedures were modified to prevent cell damage.
Cell was tested using improved procedures with H,, reformed NH;, and 100% NH;

SOFC shows improved performance after durability test

NH,
H,
——100% H2 -ZHT
Reformed NH;
——Reformed NH3-ZHT
100% NH3 - ZHT
0.0 0.1 0.2 0.3 0.4

Current Density (A/cm2)

0.5

Voltage (V)

1.2

0.2

0.0

Anode —supported cell

Before durability

——100% H2 -ZHT - --100% H2 -ET

—— Reformed NH3-ZHT - - - Reformed NH3-ET

After durability

0.0

0.1 0.2 0.3 0.4 0.5
Current Density (Afcm2)

0.6

0.7



Cell Voltage, V

SOFC Testing using Improved Procedures

Temperature effect on SOFC performance

« V-l and PD-| were measured at different temperatures after ~130-hr durability test
« Significant performance difference between 650°C and 675°C
» Cell shows better performance with NH; fuel than H, at 700°C

0.4

=
[N]

0.35 1.4 0.4
0.30 1.0
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. 03 g 03 E
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~ - g g
= 0 . o .
0.20 » @ Z | » Foy
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/ . [} “ /
0.2 H2_700C —6-PD_H2_650C 0.05 0.2 —e—Reformed NH3_650C_PD 0.2 - -
/ -=-PD_H2_675C PD_H2_700C Reformed NH3_675C_PD ——PD_H2_700C  —6-PD_NH3_700C
0.0 0.00 0.0 0.0 0.0 + 0.0
60 01 02 03 04 05 06 07 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 00 01 02 03 04 05 06 0.7
Current density, A/cm2 Current density, A/cm2 Current density, A/cm2

H, Reformed NH,4 H, vs. NH,



SOFC Durability Test Using Alternate Fuels
Durability at 675°C

 Durability test was conducted at 675°C using reformed NH; and NH, fuel, respectively
» Cell performance shows significant improvement versus time for both fuels

1.0
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S
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Second Durability Test of Anode-Supported Button Cell

* Over 250 hours duration
- 255 mA/cm?
- 100% NH, fuel
« Performed tail gas
analysis
* NOx formation
* NH; decomposition

* 1% cumulative
performance loss

Voltage (V)

1

0.9

o
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<
~J

o
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o
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o

Elcogen Cell #06 Durability — 100% NH3 at 675 °C

o

NOx Analysis Test

NOx Analysis Test Engled
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10%

8%

6%

4%

2%

0%

-2%

4%

-6%

-8%

-10%

Cumulative Performance Gain (%)



Test Set-up for Tail Gas Collection and Analysis

-' \ 1- ‘

e
&

V4 Bottled N2

wrEy

s e -
'....prl ] 3 S i | d
/ —
Loietoy e i

el

Fuel Cell Furnace

Fuel outlet pipeline of the testing stand for tail gas FTIR and impinger set-up for NOx and NH; analysis
collection of exhaust fuel



Tail Gas Analysis for NOx and Ammonia

* There is no presence of NOx in the exhaust fuel.
» Chemical analysis indicates 20.0% unconverted NH; in exhaust fuel (N,-H,-NH,) excluding

moisture
H2S04 H2S04 H2S04 H2S04 H2S04
Impinger #1 Impinger #2 Impinger #3 Impinger #4 Impinger #5
VmStd [ 6252.0]ft"3 VmStd 6252.0 ft"3 VmStd 6252.0 ft"3 VmStd 6252.0 ft"3 VmStd 6252.0 ft'3
Volume of Sample 500 mL Volume of Sample 500 mL Volume of Sample 500 mL Volume of Sample 500 mL Volume of Sample 500 mL
Concentration 65000 mg/L or pr Concentration 18000 mg/L or ppr Concentration 1760 mg/L or ppm Concentration :mg/L or pr Concentration
Molecular Weight 17.04|g/mole  Molecular Weight 17.04|g/mole Molecular Weight 17.04|g/mole Molecular Weight g/mole  Molecular Weight
Molecular Weights (g/mole) Molecular Weights (g/mole) Molecular Weights (g/mole) Molecular Weights (g/mole) Molecular Weights (g/mole)
SO3 80.06 SO3 80.06 SO3 80.06 SO3 80.06 SO3 80.06
S0O2 64.06 S0O2 64.06 S02 64.06 SO2 64.06 SO2 64.06
NH3 17.04 NH3 17.04 NH3 17.04 NH3 17.04 NH3 17.04
Cl2 70.90 Cl2 70.90 Ci2 70.90 CI2 70.90 Ci2 70.90
HCI 36.46 HCI 36.46 HCI 36.46 HCI 36.46 HCI 36.46
F2 38.00 F2 38.00 F2 38.00 F2 38.00 F2 38.00
HF 20.02 HF 20.02 HF 20.02 HF 20.02 HF 20.02
Hg 200.59 Hg 200.59 Hg 200.59 Hg 200.59 Hg 200.59
Br2 159.80 Br2 159.80 Br2 159.80 Br2 159.80 Br2 159.80
HBr 80.90 HBr 80.90 HBr 80.90 HBr 80.90 HBr 80.90
(NH3) (NH3) (NH3) (NH3) (NH3)
260.3|ppm in flue gas 721 |ppm in flue gas 7.0|ppm in flue gas pm in flue gas ppm in flue gas




Voltage (V)

Electrolyte-Supported Button Cell Testing

Test # 01 - Zero Hour Test - First reduced and then tested on
H,/N, @ 66/33, and 100% NH,

1.2
) \ / NH,
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0.8 / H:""*--...
] \
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0.6
0.4
—- H2/N2 @ 66/33 - ZHT —#—100% NH3 - ZHT
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Power Density, W/cm?

Cell OCV vs. gas flow

Anode Cathode

H2 N2 | Total Air oCcVv
1 90 30 | 120 120 | 0.955
2 120 | 40 | 160 120 1.028
3 120 | 40 | 160 160 1.038
4 150 | 50 | 200 160 1.069
5 150 | 50 | 200 200 1.045
6 150 | 50 | 200 160 1.065
7 180 | 60 | 240 160 1.084
8 180 | 60 | 240 200 1.065
9 180 | 60 | 240 150 1.091

Separate button cell




Durability of Electrolyte-Supported Button Cell with NH,

Cell #01 Durability - 100% NH; at 800 C

Current density
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Post-Mortem Analysis

Cathode

10 pm
MAG: 500x HV:20 kv WD: 10 mm MAG: 2000x HV: 20 kV WD: 10 mm MAG: 5000x HV: 20 kW  WD: 10.0 mm

MAG: 1500x HV:20kV WD: 10.0 mm MAG: 4000x HV:20 kV WD: 10.0 mm MAG: 8000x HV:20kV WD: 10.0 mm




2.2.2 Proton conducting electrolyte and SOFC development

Cerium UltraPhosphate Proton-Conducting Electrolyte — CeP;0O,, (CUP)
Brief Summary From Last Review

 Electrolyte processing  Electrolyte characterization
— Performed CUP disk milling study — CUP disk conductivity vs. processing
¢ Dry vs. wet milling — 0.027 S/cm conductivity was
— Investigated the effect of pressing achieved at 225°C
parameters on green density of CUP — XRD for phase identification
disk using heated die — CUP thermal and chemical stability

— Studied chemical stability of CUP
powder



CUP Powder Milling Study

As-synthesized powder

Wet-milled powder
- 70-350 um

-0.2- 0.6 um

) & -
EERC-MNMARL 20.0kV 10.0mm x100 BSE-A

G N T

L |
ao 714nm ’ ¥
“T3420m

4-cycles of dry-milled
- 0.3-2 um

K3 n

EERC-NMARL 20.0kV 10.0mm x10.0k BSE-ALL30Pa ~ 5.00pm

EERC-NMARL 20.0kV 10.0mm x10.0k BSE-ALL 30Pa ' 5.00um




CUP Disk Green Density Optimization

« Standard procedures for CUP disk preparation — 11,00 psi at room temperature, followed by
sintering at 800°C and ambient pressure.

* Pressed CUP disk at elevated temperatures, 150-250°C and 11,000 psi (with no 800°C sinter),
showing green density improvement by up to 50%.

 Addition of lubricant (liquid to enable particle rearrangement under pressure) to CUP powder
further improved green density, especially at lower temperatures
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Summary of CUP Disk Conductivity

3.00E-02
—e—Disc 1
—e—Disc 2
,M —-Disc 3
2.50E-02 - Disc 4
1 —e—Disc 5
—e—Disc 6
2.00E-02
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2 1.50E-02 4
2
(S)
° 6
8 1.00E-02 == e e r e e ———
Disc 1 - Dry milled CUP, 21°C/11 kpsi Press, 800°C sinter
Disc 2 - Refluxed Dry milled CUP, 21C/11 kpsi Press, 800°C sinter
5 00E-03 Disc 3 - Dry milled CUP, 225°C/11 kpsi Press, no sinter
] Disc 4 - Dry milled CUP, 250°C/11 kpsi Press, no sinter
Disc 5 - Dry milled CUP, 150°C/11 kpsi Press, no sinter
Disc 6 - Dry milled CUP + lubricant, 150°C/11 kpsi Press, 800°C sinter
0.00E+00

0 20 40 60 80 100 120 140
Time (hr)




CUP Chemical Stability Investigation

« CUP chemical stability
was investigated by
interacting CUP powder
with 100°C water

« CUP disk was made using

interacted powder

« XRD indicates possible
new phase formation

[ -]
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= Intensit

[ =]
1

—Pt Syn Powder

—Pt Dry Powder

—Pt Boil Powder
Pt Dry Disc

— Pt Boil disc

CUP disk — dry-milled CUP disk — powder after
powder interaction with water

35 40 45 50 55 60 65 70 75 80
2-Theta



CUP Powder Thermal Properties

milling particle
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Development of Protocols for Accelerated Stress Tests

 Completed literature review.
 Design principles of accelerated testing methodology for SOFC.
« AST methodology for SOFC anode material evaluation.

« AST methodology for both cathode and anode materials evaluation.

 AST - elevated operating temperature
* AST - high current density and low pO,
« AST - load cycle effect

« AST — accelerated cathode degradation by moisture.

« Summary report was completed.



Summary

SOFC suppliers were selected to support testing activities at EERC.
Generated SOFC performance and short-term durability data using anode-

supported cell and ammonia as fuel.
» Performed tail gas analysis for NOx and NH; decomposition at SOFC operation
conditions

Initiated SOFC testing using electrolyte-supported cell and ammonia fuel.
Conducted milling study to reduce particle size of CUP powder.

Optimized processing parameters to improve CUP green density.

Investigated CUP thermal and chemical stability using TGA/DSC and by interacting
CUP powder with fluxed water at 100°C.

Measured conductivity of CUP disks pressed at variety of conditions at 225°C and
achieved max. conductivity of 0.027 S/cm.
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