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SRl Is a world-leading independent R&D organization

* Founded by Stanford University in 1946
— A nonprofit corporation
— Committed to discovery and to the application of
science and technology for knowledge, commerce,
prosperity, and peace
— Independent in 1970; changed name from
Stanford Research Institute in 1977

« 2,000 staff members
— 800 with advanced degrees
— More than 20 offices worldwide

* Consolidated 2007 revenue: $435 million
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SRI Is developing a diverse energy portfolio
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We need a diverse energy portfolio to meet our enormous
energy needs
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Increasing the levels of energy production from each alternate source to 1 cmo by 2050 requires the levels of construction indicated in the chart.

Assumptions: The Three Gorges Dam is rated at its full design capacity of 18 gigawatts. A nuclear power plant is postulated to be the equivalent of a 1.1-GW unit at the Diablo Canyon plant in California. A coal plant is one rated at 500 megawatts. A wind turbine is one with a 100‑meter blade span, and rated at 1.65 MW. A solar panel is a 2.1‑­kilowatt system made for home roofs. In comparing ­categories, bear in mind that the average amount of time that power is produced varies among them, so that total energy obtained is not a simple function of power rating. 


We also need a diverse energy portfolio because no single

energy source is perfect
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Technology advances and shifting societal concerns can change valuations
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SRI Is applying its expertise in microbiology to explore how
energy can be derived from biological systems

* SRI's microbiology program addresses needs in health, defense, and industry
— Large scale screening of bioactive compounds to discover and develop antimicrobial
drugs against:
= Biodefense organisms (B. anthracis, Y. pestis, F. tularensis)
= Antibiotic resistant bacteria (methicillin resistant S. aureus)
= Mycobacterium tuberculosis (causative agent of tuberculosis)
— Degradation of high energy compounds (explosives such as DNT, TNT and RDX).
— Mitigation of microbiologically induced corrosion of metal.

* Energy projects

— Fuel from microorganisms
= Alkane production by Vibrio furnissii
= Ethanol from biomass

— Microbial fuel cells

Sediment-anode microbial fuel cells SRI
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2002 project: Used Thiomargarita, a microorganism off the coast of Namibia that eats sulfur to see if it could be used in desulfurization.  


Can bioinformatics and synthetic biology help?

Consider bacteria as chemical factories, and a metabolic network as a black box:

Output Compounds
+

More Bacteria

Input Compounds

* What inputs?
 What outputs?
« How do we modify the network to have the desired behavior?
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Experience with conventional fuels provides unique insight
on ways to use emerging fuels

* Options for algal biomass utilization:
— Thermochemical
= Pyrolysis to oils and char
= Gasification to syn-gas to fuels
— Bioprocessing
= Anaerobic digestion

= Separation
+ Carbohydrates to fuels via fermentation
+ Lipids to biodiesel
+ Proteins to animal feed, plastics or other
compounds

SRl interests:
— Catalyst development
— Separations
— Novel chemical processing to produce oils
compatible with current fuel systems and
vehicles

Entrained flow reactor for combustion,
gasification, and pyrolysis
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SRI is particularly interested in exploring pyrolysis.  Concept:  take dry biomass and get the oil out.  Pyrolize the biomass to make algal oil, and hydrotreat it to make fuels.  The char can be gasified. 



Our expertise:  optimizing pyrolysis conditions to optimize the oil yield.  Ordinary pyrolysis yields an oil/water emulsion.  SRI wants to make oil hydrophobic so the oil is easier to separate.  



Low energy separation processes for harvesting algal biomass and extracting lipids

Thermochemical processing of entire algal biomass

Effective utilization of co-products

Clean water

Proteins: animal feed vs. value-added products

Use light not absorbed by algae for other purposes

Hybrid processes for growing Botryococcus braunii, a slow-growing algae that exudes hydrocarbons

Novel catalytic processes for converting algal oil to specification fuel




Marine environments: a key component in carbon cycles

* Marine Technology Program established in 2007

— Created through collaboration between SRI, the state
of Florida, the city of St. Petersburg, Pinellas County,
and the University of South Florida's Center for Ocean
Technology

 Studies surface and subsurface marine
environments

— Research, development, deployment, and operation of
advanced sensors and their systems.

— Research and engineering in optics, acoustics, MEMS,
mass spectrometry, and related marine sciences.

* Unique capabilities to examine ocean acidification

Portable Underwater Mass Spectrometry
Membrane Introduction Mass Spectrometry (MIMS)
In Situ Analysis
Simultaneous detection of multiple chemical species,
including dissolved gases and volatile organics 77T\
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Energy research needs sustained investment

Declining Investment in Energy R.&D.

Spending for energy ressarch and development peaked during the cil crisis and has since fallen while spending in most other sectors continues to grow,

Research and development spending by function, in 2006 dollars
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