
Ammonia-Fueled	Electric	Vehicle	

•  Given	ammonia	fuel	for	use	in	vehicles	,	the	choice	of	a	fuel	cell	for	
energy	conversion	results	in	an	ammonia-fueled	electric	vehicle.			
	This	choice	recognizes	that	electrifica>on	of	automo>ve		power	
systems	is	a	strong	trend	projected	to	strengthen	further	in	the	near	
future.		
	Along	these	lines,	first	genera>on	of	commercial	FCEVs	has	been		
introduced	in	2015.	

	
	

	

		 1	



Preference	of	a	“direct”	ammonia	fuel	cell	

•  In	the	FCEVs	manufactured	to	date	the	fuel	cell	operates	on	direct	feed	
of	fuel	from	the	tank,	with	no	pre-processing	on	board.	

			To	large	degree,	hydrogen	became	a	preferred	fuel	for	automo>ve	fuel	
cells	because	,	unlike	many	other	fuels,	it	can	be	used	in	a	“direct”	fuel	
cell	

	
•  The	direct	mode	of	opera>on	seems	to	be	a	prerequisite		for	successful	
reduc>on	to	prac>ce	of	FCEVs.	
	This	is	explained	by	system	simplicity	and	a	higher	efficiency	secured	by	
the	single	stage	conversion		process			

	The	same	reasoning	applies	to	targe>ng	of		
direct	ammonia	fuel	cells	

	for	conversion	of	the	chemical	energy	of	ammonia		
to	electric	energy		
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Toyota	Mirai	as	Baseline			



The	Ra>onale	for	the	DAFC	as	Power	Source		for	
Transport			

Q.	
	With		all	first	genera>on	FCEVs	manufactured	to	date	with	hydrogen	fuel	cells	
and	H2	gas	(at	700	bar)	on	board,	why	pursue	DAFC	technology	for	EVs?	

	
A.		
•  1.	Ammonia	being	a	liquid	under	low	pressure		at	ambient	T	,	the	
infrastructure	of	fuel	distribu>on	and	refueling	should	be	much	simpler	and	
significantly	less	costly	vs.	the	infrastructure	for	compressed	hydrogen	
delivery	and	refueling.		

•  2.	A	direct	ammonia	fuel	cell	would	use	NH3,liq	of		energy	density	~6kWh/kgNH3		and	for	the	electric	power	system,	providing	the		demand	power	,	energy	
content	,	energy	conversion	efficiency	and	zero	emissions	targebed	for	future	
automo>ve	applica>ons	

	
*The	energy	density	of	a	tank	of	compressed	H2	at	700	bars	is	~1.7	kWh/kgfull	tank		
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Choice	of	Alkaline	Membrane	Fuel	Cell	Technology	for	DAFCs	in	
Transport	Applica>ons			

		 	DAFC	Specs	Needed	to	Secure	Compe;;ve	Performance	in	FCEV:		
	

•  Peak	Power	Density	at	least	50%	of	the	DHFC	

•  Conversion	efficiency	,	ammonia	chemical		energy-to-mechanical	energy	to	the	wheels,	
over	40%	at	25%	of	peak	power	

•  Max.	start-up	;me	of	several	minutes	,	requiring	lower	temp.	FC	technology	(	<	120	degC	)		
		
•  Zero	tail-pipe	emissions		--	more	readily	achieved	with	a		low	T	DAFC	technology	

	
The	Solu;on	pursued	in	our	Project:	

•  Alkaline	Membrane	Fuel	Cell	Technology	at	Tcell	near	100	degC	
	
Main	Technical	Requisites	for	Reduc;on	to	Prac;ce		
	
•  Catalyst	for	Ammonia	Electro-oxida;on	of	high	ac;vity	at	100		degC		
	
•  Alkaline	membrane	of	good	chemical	stability	at	100		degC		
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				Electrode	Reac>ons	and	Net	Cell	Process	
												in	a	Direct	Ammonia	Fuel	Cell	
														Cell	emissions	are	only	N2	and	H2O	
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Development	of	Alkaline	Membranes		
	(RPI	&	Xergy)	

Novel		polymer	structues	for	DAFC	Membranes		

Targets:		
1.  Enhanced	chemical	stability	at	high	pH	and	100	oC	

while	improving	ion	conduc>vity	
2.  Low	dimensional	swelling	and	permea>on	of	fuels	
3.  Enhanced	HEM	mechanical	strength		
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Development	of	Alkaline	Membranes		(RPI	&	Xergy):	
GEN1	Reinforced	Composite	Alkaline	Membrane		

Membrane properties of GEN1 reinforced composite membrane, TPM1-TMA on microporous polyolefin mesh 
  

a Measured before and after immersion in 1 M KOH for 24 h at room temperature 
b Measured at 80 °C, 100% RH in MEA with hydrogen gas at both electrodes. OH- generated in-situ by hydrogen pumping 

Reinforced composite TPN1-TMA HEM  

Mechanical property test of reinforced composite HEM  
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Early	Development	of	DAFC	Catalyzed	Membranes		
in	the	ARPA-E	Project	(Udel		&	PoCell)	
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90 degC Performance of a DAFC with an  
Alkaline Membrane Electrolyte  	

 
*** x10  higher DAFC performance than reported to date ***  

 
DAFC specs targeted likely to be hit on  raising cell T to ~120 degC 	



Projected		Component	Dimensions:		
Direct	Ammonia	FC	vs	Direct	Hydrogen	FC	
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This	fuel	tank		
out	of	the	two	used	in	the	Mirai			
may	not	be	required	at	all		(-60L	)	

The	FC	stack	will	likely	be		
twice	as	large	(+30L)	



Summary	

• Recent		development	of	polymer	electrolyte	DAFCs	has	
yielded	promising	cell	performance,	suppor>ng	the	
prospects	of	this	fuel	cell	technology	to	become	a	viable	
power	source	for	electric	vehicles		

• Advanced	Membranes	and	Membrane/Electrode	
Assemblies	(MEAs)	developed	in	this	Project	assist	in	
securing	future	supply	of	key	DAFC	components		

•  The	advantages	of	liquid	ammonia	as	fuel	over	
compressed	hydrogen	gas	include	a	simpler	and	
cheaper	fuel	infrastrutue,	as	well	as	significantly	higher	
energy	density	impac>ng	favorably	system	dimensions	
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Feedback	Request	

We	will	appreciate	comments	of	all	types		from	poten>al		
users	of	DAFC	technology		with		

ammonia	as	the	fuel	carried	on	board				
including	possible	applica>ons	for	automo>ve,	sta>onary	and	

UAV	power	
	

Shimshon	Gobesfeld		
1-518-506-0177	

Shimshon.gobesfeld@gmail.com	
	

***THANK	YOU	FOR	YOUR	ATTENTION***	
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