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Today:  Production Cost of Electricity
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Source Data: Consultant Consensus

Oil and the Future
As Demand Increases Diversification of Feedstocks will Occur
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Trends in U.S. Water Withdrawals
1950-2000 (Hutson, et.al., 2004)

∼140-B g/d

∼60-B g/d

Recent Trends Flat … Approaching Full Supply Allocation

∼140-B g/d

Major Biofuel Production Scale-Up Will Need to 
Include Exploitation of Non-Fresh Water Sources



Water Challenges are Nationwide

Presenter
Presentation Notes
Source: Roy, Sujay B., Summers, Karen, V., and Goldstein, Robert A., 2003.  “Water Sustainability in the United States and Cooling Water Requirements for Power Generation,” Universities Council on Water Resources, Water Resources Update 126, 54-59, November.Figure 1. Total freshwater withdrawal in 1995 as a percent of available precipitation. Higher values of this ratio, are indicative of the extent of water resources development in an area. Values higher than 100, are indicative of imports from other regions.NOTESSlide illustrates current water withdrawal (surface and ground) as a percent of available precipitation.Southwest meets demand almost exclusively from groundwater.Yes its possible to withdraw more than is available because of imports from outside the county. As this slide illustrates, water is intensively used across the nation.  



Algae Biofuels
Because a pig will not eat a lump of Coal



GOOGLE : Interest down for ethanol, biodiesel 
and jatropha but up for algae biofuels in 2009

Of course, Google is not reality, even though many seem to 
 



Gallons of Oil 
per Acre per Year

Corn 18
Soybeans 48
Safflower 83
Sunflower 102
Rapeseed 127
Oil Palm 635
Micro Algae 1000 - 7000

• High biomass productivity potential 
• Oil feedstock for higher energy-content fuels
• 50% residual high protein feed for animals avoid competition 

with agricultural lands and water for food & feed production
• Can use non-fresh water, resulting in reduced 

pressure on limited fresh water resources
• Captures CO2 and recycles carbon for fuels and co-products 

Land Needed for 
Biofuel to Replace 
50% of Current 
Petroleum Diesel 
using oil from:    

Corn
Soybean
Algae

Algae has potential advantages over corn, cellulosic materials, 
and other crops as an alternative to petroleum-based fuels

The Promise of Algae-Based Biofuels



Algae Triglyceride Production Cost Estimates  (From Benemann)
From US DOE National Algal Biofuels Technology Roadmap (Draft Aug 2009) 

Note: studies are of different scales, methodologies, objectives, assumptions, locations, 
technologies, etc.; few have any supporting data. Not comparable! 

Benemann& Oswald 1996 : Mea culpa!

Detailed analysis, BUT caveats 

For PBRs, analysis not published.

Lundquist.

NMSU study, not published

Sandia, no details published

PBR, high value products,! 

General Atomics, unpublished 

BenAmotz, presentations

NREL study, not sure which one... 



Policy Driver:  Advanced Biofuels in 
2007 EISA Renewable Fuel Standard

36 billion gallons of renewable fuels by 2022

Source: EISA 2007, Sec. 202, p. 121 Stat 1522-1523
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		2000

		2001

		2002

		2003

		2004

		2005

		2006		4

		2007		4.7

		2008		5.4		9

		2009		6.1		10.5				0.5		0.1

		2010		6.8		12		0.1		0.65		0.2

		2011		7.4		12.6		0.25		0.8		0.3

		2012		7.5		13.2		0.5		1		0.5

		2013		7.5		13.8		1		1		0.75

		2014		7.5		14.4		1.75		1		1

		2015		7.5		15		3		1		1.5

		2016		7.5		15		4.25		1		2

		2017		7.5		15		5.5		1		2.5

		2018		7.5		15		7		1		3

		2019		7.5		15		8.5		1		3.5

		2020		7.5		15		10.5		1		3.5

		2021		7.5		15		13.5		1		3.5

		2022		7.5		15		16		1		4



Estimated

Current Ethanol Production

2005 EPAct RFS

2007 RFS - Conventional

2007 RFS - Cellulosic Biofuels

2007 RFS - Biomass-based Diesel

2007 RFS - Unaffiliated

Renewable Fuel (Billion Gallons per Year)

1.63

1.77

2.13

2.81

3.41

3.9

4.9

6.3



Sheet1

		Billion Gallons of Ethanol

						RFS Under 2005 EPAct				RFS Under 2007 EISA

				Ethanol Production		Renewable Fuel		Cellulosic		Conventional Biofuel		Advanced Biofuel		Cellulosic Biofuel		Biomass-based Diesel		Undifferentiated Advanced Biofuel		total RFS

		2000		1.63

		2001		1.77

		2002		2.13

		2003		2.81

		2004		3.41

		2005		3.9

		2006		4.9		4

		2007		6.3		4.7

		2008				5.4				9.0										9.00

		2009				6.1				10.5		0.60				0.50		0.10		11.10

		2010				6.8				12.0		0.95		0.10		0.65		0.20		12.95

		2011				7.4				12.6		1.35		0.25		0.80		0.30		13.95

		2012				7.5				13.2		2.00		0.50		1.00		0.50		15.20

		2013				7.5		0.25		13.8		2.75		1.00		1.00		0.75		16.55

		2014				7.5				14.4		3.75		1.75		1.00		1.00		18.15

		2015				7.5				15.0		5.50		3.00		1.00		1.50		20.50

		2016				7.5				15.0		7.25		4.25		1.00		2.00		22.25

		2017				7.5				15.0		9.00		5.50		1.00		2.50		24.00

		2018				7.5				15.0		11.00		7.00		1.00		3.00		26.00

		2019				7.5				15.0		13.00		8.50		1.00		3.50		28.00

		2020				7.5				15.0		15.00		10.50		1.00		3.50		30.00

		2021				7.5				15.0		18.00		13.50		1.00		3.50		33.00

		2022				7.5				15.0		21.00		16.00		1.00		4.00		36.00
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Algae oil can only make a difference at large scale. 
Fuel is a very low value commodity
Brazilian ethanol empirical learning curve applies to algae  

(Goldemberg, 2004). 

40-60% of algae biomass 
is high protein for animal feed

…first 107 Bbl will 
cost $5-10B; as in other 
new technology there is 
a need for policy….e.g. 
PARITY
USA corn ethanol 
subsidy is >5B/year!

~$1,000/Bbl based on wholesale price of 
dry algae/cyano and simple assumptions



Cellulosic Goal 
Miscanthus 

10 tons acre-1 yr-1

Reality
Earthrise Spirulina 
50 tons acre-1 yr-1

Biomass Yields: Goals and Reality



Positive Disruptive Consequences
Use Sea Water for Imperial Valley Algal Aquaculture 

500,000 acres 2.5M acre feet/year of Colorado River Water
• Salton Sea remediation: cost $5-10B 
based on LAO report
• S. California water needs will cost State ~ 
$5B (~50% of Cal. Need)
• Imperial Valley fresh water value: $1 - 2 
B/yr on free water market
•Savings on Salton Sea, Water, and revenue 
for water, fuel and proteins create a new 
algal industry at scale
• Profitable for oil in 10 years
•Solve S. California water issues
• ~0.5B/year property tax revenuc to state 
due to increated values on sea shore
• Meet California AB 118 mandate for 
biofuel use by 2020
•Produce as much protein for animal feed 
as 4M acres of soy bean production 

http://www.lao.ca.gov/2008/rsrc/salton_sea/salton_sea_01-24-08.pdf
http://www.energy.ca.gov/2009publications/CEC-600-2009-008/CEC-600-2009-008-CTF.PDF



Obvious: The Earth is warming! 

Policy makers will not want to be
NAKED  in the halls of Congress!
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