
Lectures	and	Homework	
	
4/8/2016	Lecture	6:	Biofuels	
.	
Personal	energy	audit	coming	up.	
	
Homework	#1:	due	April	13,	2016		
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Biofuels/energy	





•  Total	mass	of	living	maFer 	1800B	tons	
•  Mass	of	land	plants	 	 	1800B	tons	

•  Mass	in	oceans 	 	 	4B	tons	

•  PopulaJon	(2009) 	 	 	4B	tons	

•  Per	capita	terrestrial	biomass 	270	tons	

•  Net	yearly	prod.	of	biomass 	130Btons	

biomass	



•  World	energy	
– Rate	of	energy	storage	(biomass)		76	TWaFs	(2400EJ/yr)	
– Rate	of	ConsumpJon	(2009)	15.9	TWaFs		

– Biomass	consumpJon											1.6TWaFs	
– Energy	consumed	as	food 		0.9	TWaFs	

Biomass	energy	storage	

Stesser	and	Lewis,	2009,4th	IEA	in	
Bioenergy	



	PHOTOSYNTHESIS:	
– 6CO2	+	6H2O	+	light	energy	=	C6H12O6	+	6O2	

uJlizes	42%	of	sunlight	at	700nm	wavelength,	only	27%	in	
visible	region,	400-600nm	(44%	of	available	sunlight)	

Shorter	wavelength:	excess	energy	transferred	as	heat	

Therefore,	only	.27x.44	=	12%	efficient	at	converJng	sunlight	
Other	losses	as	well	

STILL:	220Gtons/year	of	useable	biomass	

	
	

BIOMASS	AS	ENERGY	STORAGE	AND	FUEL	



	PHOTOSYNTHESIS:	
– 6CO2	+	6H2O	+	light	energy	=	C6H12O6	+	6O2	

COMBUSTION:	
	

CH4	+	2O2	=	CO2	+	2H2O	

12+(4x1)			=	12	+(2x16)	+2x	(2x1	+	16)	
	

Burning	16	tons	of	methane	releases	44	tons	of	CO2	
	

	

BIOMASS	AS	ENERGY	STORAGE	AND	FUEL	

		
	





Solar Irradiance: the water window 
Absorption of sunlight through the atmosphere 



AbsorpJon	of	light	in	plants	













Figure	4.4	



Figure	4.5	



Cellulosic	biomass	

a.  Bracken	
b.  .miscanthus	
c.  	Gunnera	
d.  Kelp	
e.  E.	water	hyacinth	



Starch/sugar	crops	

a.  Sugar	cane	
b.  B.	maize	
c.  C.	sugar	beet	



Microalgae	Bioreactor	



Straw	fired	Power	Plant	

Avedore	2	(Denmark)	combined	heat	and	power	plan/570	MWaFt	



ComposiJon	of	municipal	solid	waste	in	UK	



SE	London	/	combined	heat	and	power/
1994	



MSW	plants	in	Europe	



Wood	Pellets	



Some	problems	with	biomass	fuel	
	
1. transport/low	mass	density	
requires	larger	volumes	
2. high	water	content/	drying	
(energy)	
3. High	water	content/decay	



OIL	EXTRACTION	FROM	PLANTS	
Rapeseed,	soya,	palms	
	
Seed	cleaning	
SeparaJon	from	Jssue	
Mechanical	extracJon	
solvent	extracJon	
--------	
ALGAE	



Figure	4.15	







Jonathan Trent, 2012 

Algae Growing tubes 



GeneraJng	Systems	



BidigesJon	System	



Anaerobic	DigesJon	





Gas	composiJon	in	a	landfill	



Integrated	Waste	Materials	Plant	



Ethanol	producJon	from	straw	



Figure	4.24	



Figure	4.25	




