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Executive	Summary	

	 Carbon	dioxide	(CO2)	and	other	greenhouse	gas	emissions	are	already	
being	regulated	by	the	United	States	and	other	countries	pursuant	to	climate	
change	mitigation	policies.	One	way	to	reduce	the	impact	of	greenhouse	gas	
regulation	is	to	reduce	greenhouse	gas	emissions	from	energy	and	fuel	
production,	as	well	as	from	energy	consumption	(by	making	more	efficient	
use	of	fuels	and	selecting	different	types	of	fuels).	This	white	paper	addresses	
greenhouse	gas	emissions,	specifically	CO2,	generated	by	different	fuels	and	
the	opportunities	to	reduce	CO2.	

Carbon	dioxide	emissions	from	fuel	use	can	be	reduced	by	using	more	
hydrogenated	fuels,	which	inevitably	produce	CO2,	but	at	lower	rates	per	
British	thermal	unit	or	kilocalorie.	Methane	fuel	has	the	highest	hydrogen-
carbon	ratio,	yet	much	of	it	comes	from	conventional	gas	and	new	shale-gas	
resources	that	ultimately	are	finite.	The	following	analysis	suggests	ways	that	
integrating	renewable	resources	with	existing	chemical	conversion	
infrastructure	for	fossil	fuels	might	reduce	CO2



sources.	These	resources	may	be	used	more	economically	to	upgrade	fossil	
and	biofuels	chemically,	as	well	as	in	fuel	cells	for	transportation.	This	H2	
upgrading	route	might	yield	significant	carbon	dioxide	reduction	while	
reducing	the	need	for	a	new	hydrogen	delivery	infrastructure.	In	yet	another	
example,	biofuels	may	be	processed	catalytically	to	conventional	fuels,	
enabling	their	unlimited	use	in	engines	without	incompatibility	problems	in	



third	on	alternate	liquid	transportation	fuels	(Ramage,	ref.	2).	The	second	
phase	focused	on	strategic,	tactical,	and	policy	issues.			

Most	studies	of	future	energy	strategy	focus	on	a	specific	energy	source,	
such	as	solar,	wind,	nuclear,	or	biomass.	They	look	at	the	impact	of	these	
specific	sources	on	future	transportation	and	electrical	needs,	such	as	electric	
cars	and	the	hydrogen	economy,	without	considering	how	the	source	could	be	
integrated	with	existing	chemical	conversion	technologies.	Reuel	Shinnar	
(Shinnar,	ref.	3)	was	among	the	first	to	recognize	the	potential	advantages	of	
integrating	alternative	energy	sources	with	existing	chemical	conversion	
technologies







manufacture	of	petrochemicals	and	polymers	will	still	require	the	chemical	
conversion	technologies	outlined	above	(Shinnar,	ref.3).	
	
Co-processing	of	Biomass	and	High-carbon	Fossil	Fuels	
	 As	you	can	see	in	Figure	1,	the	heavier	fossil	fuels	(i.e.	coal,	tar	sands,	
heavy	oils,	shale	oil)	can	be	integrated	with	biomass	(i.e.	wood,	plant	stalks)	
through	gasification	and	water-gas-shift	technologies.	Both	Williams	(ref.	4)	
and	Ramage	(ref.	2)	have	outlined	comparative	economics	for	co



biofuels	will	be	expensive,	it	may	be	more	cost-effective	to	use	the	one-step	
ZSM-5	route	to	produce	high-quality	conventional	fuels.	

Research	to	find	an	economical	route	to	fermenting	cellulosic	material	
to	alcohol	is	ongoing.	Depending	on	its	success,	gasifying	this	cellulosic	
material	and	using	the	FT/	ZSM-5	route	may	make	more	economic	sense.	
Additionally,	because	ZSM-





	

Appendix	

Commercial	Chemical	Conversion	Processes	for	Energy	Integration	

	

Catalytic	Liquefaction	

Feed:		coal,	biomass,	heavy	oils,	tar	sands,	shale,	peat,	H2	

Products:	all	conventional	fuels	

	

Gasification	

Feed:		coal,	biomass,	heavy	oils,	tar	sands,	shale,	peat,	natural	gas,	
oxygen,	air	

Products:		CO2	and	H2	

	

Thermal	Conversion	(coking,	retorting)	

Feed:		coal,	heavy	oils,	biomass,	shale,	tar	sands,	peat	

Products:		coke,	all	conventional	fuels,	C1	to	C3	gases,	olefins	

	

Catalytic	Water	Gas	Shift	

	 Feed:		CO,	H2,	H2O	

	 Products:	H2	

	

Catalytic	Reforming	of	Natural	Gas	

Feed:		natural	gas,	C1	to	C5	gases,	C12	

Products:		CO2	and	H2	

	



	

Methanol	Production	

	 Feed:				CO	and	H2	

	 Product:				methanol	

	

Fischer-Tropsch	Process		

Feed:		CO	and	H2	

Products:		higher	alcohols,	paraffins,	light	olefins,	diesel,	gasoline,	
waxes,	lubricating	oils	

	

Alcohol	Conversion	to	Hydrocarbons	(ZSM-5)	

Feed:		methanol,	ethanol	and	higher	alcohols,	raw	Fischer-Tropsch	
effluents,	bio	alcohols,	bio	olefins,	bio	oils	

Products:		all	conventional	fuels,	olefins	

	

Catalytic	Naphtha	Reforming	

Feed:		C5	to	C20	hydrocarbons	

Products:			high-octane	gasoline,	H2,	petrochemicals	

	

Fermentation	

Feed:		grains,	cellulosic	parts	of	plants,	sugar	cane,	

Products:		



Products:	C2	to	C40	olefins,	petrochemicals,	H2	

	

Catalytic	Methanation	

Feed:		CO2,	CO,	H2	

Products:		CH4,	some	higher	hydrocarbons	

	

Catalytic	Hydrocracking	

Feed:		heavy	hydrocarbons,	H2	

Products:		low-sulfur	conventional	fuels	

	

Catalytic	Desulfurization	and	Denitrogenation	

Feed:		fuels	high	in	sulfur	and	nitrogen,	H2	

Products:	low-sulfur	conventional	fuels	

	

Catalytic	Isomerization	

	 Feed:		C10	to	C60	hydrocarbons,	H2	

Products:	higher	octane	and	cetane	fuels,	low	pour	point	diesel,	high	
viscosity	index	lubricating	oils	

	

	

	

	

	

	

	


