:/Intrs.nasa.gov/search.jsp?R=20110008665 20 :07:21+00:00Z
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The timeline...
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World population, billions

. |

Exponential growth...

Time to add 5.8 billion more... |-'

Time to reach 1billion

0
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1000 A.D. Viking Conquests
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Temperature Anomaly °C

Data from NASA/Goddard Space Flight Center
James Hansen, Goddard Institute of Space Studies
Robert B. Schmunk, Scientific Visualization Studio



The warmest decade on record...

Temperature Anomaly °C

i DATA from GISS
25 45 05 0 +0.5 +1.5 +25 Avg: 2000-2009
1951-1980



What is the meaning of sustainable?

10

World
Population
|Billions)

Sustainable population?
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The Growing Gap between Production and Discovery of
Regular Conventional Qil (1930-2050)

80
ne— World Discoveries Peak in 1965
i, 355 [ Past Discovery
i B Future Discovery
;: a0t - Production
a
€t l |
o Produelion
S 20+ 1 ' has Excesded
= il Discoverigs
10 A H lll | |: since 1984
i m
0 Hll”lll”” |
1930 1850 1970 1990 2010 2030 2050

Year
Past discoveries have been backdated with revisions

from ExxonMobil (2002) to reflect “Reserve Growth”

& Hughes GSR I, 203 (from Campbell, personal communication, Seplember, 2006)
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IPCC predictions www.net.org

Mass extinction (>40% known spp),

Sea level rise...
r 20805 Food?

~30% wetlands flooded,
freshwater, Islands

Stress on ecosystems
(Population 9 billion)

Extinctions (20-30% known spp), Food?
ocean acidification

} Temp rise 0.7°C
TEMPERATURE s |current  Weather patterns, wildfires, Food?

OVER 10980.1940
\ LA " A - o NN - - - -

LEVELS

floods/droughts T. Root, Stanford
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Are biofuels the answer?

Only if they do not use:

e agricultural land

* freshwater
e fertilizer

Feasible‘,} Aa|:.,dal,, scalable, sustainable...







How green are biofuels?

Corn

Sugar Cane

Switch Grass

Product

GHG output*

Water

Fertilizer

Pesticide

Energy

US crop land/ half
demand

*CO, kg/MJ: Growing, harvesting, refining, burning fuel (cf., gas=94)




The problem with biodiesel...

Wood Sovbeans Rapeseed,
Residue y Canola
Product Ethanol, biodiesel biodiesel
biodiesel
GHG output* N/A 49 37
Water low HIGH HIGH
Fertilizer low low-med med
Pesticide low med med
Energy low med-low med-low
US crop land/
half demand 150 -250% 180-240%

*CO, kg/MJ: Growing, harvesting, refining, burning fuel (cf., Diesel=83)




Gal/acre-yr

BIODIESEL CROPS AND PRODUCTION




Gal/acre-yr

100

BIODIESEL CROPS AND PRODUCTION
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BIODIESEL CROPS AND PRODUCTION
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BIODIESEL CROPS AND PRODUCTION
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BIODIESEL CROPS AND PRODUCTION
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BIODIESEL CROPS AND PRODUCTION
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Botryococcus braunii

e . . o
p& , Oil (3%) y -

Diesel (18%)

Kerosene (15%)

Gasoline
(65%)
'






Biodiesel crops and production:

Plant Gal/acre-yr Barrels/yr
Soybeans 50 >10,000,000
Sunflower 100 > 1,000,000
Canola 160 >10,000,000
Jatropha 2007? some, not much
Palm Oil 600 >10,000,000
Microalgae 2,000 to 5,000 ~0.1

from: Benemann 2009. Algae Biomass Summit
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Algae cultivation
systems on land...

Open circulating ponds
(raceways)

Closed bioreactors
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What’s wrong with this picture?
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‘r—=> Filter system
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Algal Bioreactor
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Cost of PBR infrastructure / '

Energy requirements: oo |
pumping, mixing, cooling
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What about collecting
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Concentration?
4’ Spatially/tempeorally dispersed?

Harvest > Species c.om ition?

wild algae?
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OMEGA System

g
Ocean . o
(3.5% salt) brt ooy o S0 B2 (NBK)
ochar

Dewatering

Treated Wastewater




What is OMEGA?

Offshore Membrane Enclosures for Growing Algae

oweorgried

Solar Energy
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‘Gas exchange
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Structural
support

Nutrients/CO,
from wastewater




OMEGA
Benefits?
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CO, Sequestration
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OMEGA System
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Culture layer

Gas-permeable
membrane

CO, gas layer
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PLAN Harvested

Algae
Storage

Wastewater PLAN
Treatment
Plant

Harvested  Wastewater
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The stone age didn’t end
because we ran out of stones... Yamani

~ There is no limit to what you can accomplish
__Ifyou don’t care who gets the credit... Truman
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.what we really want is for things to stay the same...

but get better.”

Sydney J. Harris
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Strength layer

Culture Sleeve

Strength layer







Oregon State:University
ConceptualWWave Park

o 22 milesoffshore _

secured to
heaving buoy

Permanent Magnet
Linear Generator BUoy

Nicolle Rager Fuller, NSF







Is this scalable?
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Solar Energy
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A challenge and a call to action...

2 -
' 3

>

-~ N4
P T ——

- - -

- . -~




Failure is not an option...




There are challenges ]
growing Teemen
algae on land...

L &
m.um... n.ug

i‘

1: Open circulating ponds
(raceways)

2: Closed photobioreactors . | 1 ‘ ..
(PBRs) 3 13334434
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Sources of biodiesel...

Wood Sovbeans Rapeseed,
Residue y Canola
Product Ethanol, biodiesel biodiesel biodiesel
biodiesel
GHG output* N/A 49 37
Water low HIGH HIGH
Fertilizer low low-med med Low?
Pesticide low med med
Energy low med-low med-low HIGH?
US crop land/
half demand 150 -250% 180-240%

*CO, kg/MJ: Growing, harvesting, refining, burning fuel (cf., Diesel=83)




First flight test with sustainable biofuels for
commercial aviation

“atlantic

(L woeme S First sustainable biofuel flight test in
| =S Asia
8

First North American
sustainable biofuel flight test

NASA

Continental
Airlines

Qaafl;va

@.

Scheduled 2009

Scheduled 2009 Biofuels fly airplanes...
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LGAL BIOMASS RIENES

ORGANIZATION

Algal Biomass Organization
www.algalbiomass.org

Claim that algae will address:

»climate change
»energy independence

»growth of a green economy
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Million tonnes CO,

The aviation emissions challenge

CO, emissions from the global fuel burn of commercial airlines
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Biofuels for aV|at|on t dte

Carrier Aircraft Partners Date Biofuel Blend

Boei 20% one &
oeing, . |
virgin atlantic ‘ﬂ B747-400 o7\ o 23 Feb 08 Coconut & Babassu engine \
i
Boeing, 50% one
AIR NEW ZE AU\ND% B747-400 Rolls-Royce 30 Dec 08 Jatropha engine
Boeing, d
Contlnental GE Aviation, : 50% one
{mehita m B737-800 Cry 7 Jan 09 ith Jatropha s
Honeywell UOP '
Boeing, . o
Jdl_ B747-300 Pratt & Whitney, 30 Jan O e, <atiophaand 5% one _
Honeywell UOP 9 ot
+ ~,
2000 GE, Honeywell : 50% one
KLM B747-400 UOP 23 Nov 09 Camelina engine
. Airbus,
eBlue  TBA IAE, TBA  TBA TBA
Honeywell UOP
w'-' ‘ .‘ > h ". ."









Is this true?
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How do you know?

Why should | care?




Treated
Waste-
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Biofuels

Fertilizer
Biochar etc.

OMEGA System
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What about the water? z
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Desalination
System

Seawater

Desalinization

trent 5/30/09



OMEGA System Desalination System

Treated OM EGA

WERCE Nutrients (NPK)
water
V Water

Forward
Osmosis

J Seawater
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Biofuels )
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Fertilizer Algae
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Desalinization Plant

Ocean Dewatering
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Desalgae System (OMEGA + Desalination)

Utilize

(D2) Brine

6+%Salt
0 OMEGA
Waste-
e | Water
Nutrients/ Nutrients
Water | (NPK) (l;

Biofuels )
Fertilizer
Biochar

Etc.

C-ﬁg ¢C Eeq l

N/P/K
recycle

Seawater
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Algae
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Desalgae System (OMEGA + Desalination)

Utilize/Detoxify
¥

(D2) Brine

A ( 6+%Salt
St OMEGA

e | Water
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Water ) (N PK) :;
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Fertilizer 9

Biochar Algae
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Desalgae System (OMEGA + Desalination)

Utilize/Detoxify
¥

W;T;, o OMEGA

water Water

Nutrients// Nutrients
VVatel (NPK)

Biofuels
Fertilizer
Biochar
Etc.

0-59 ¢C Eeq

N/P/K
recycle

Seawater
Desalinization Plant



Example: San Francisco

67 MGD, 80% of SF WW
20 g/m?/day algae growth

Minimum size

N-limited @ 9 mg/L

28 tons dry biomass/day
2.3 MG biofuel/yr

Maximum output

Water-limited

1 g/L algae yield

254 tons dry biomass/day

20 MG biofuel/yr

Capture all CO,, from 32 MW PP




HOW THE DEAD ZONE FORMS Saip et

fish float to
surface

21%

Stratified
Fertilizer runoff water column

Suffocation
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| Mls_sissippi'ﬁii‘rgr Delta

Remediatinqg Dead Zones

 Pear River -...;'_. -




Dead Zones 2008

World Hypoxic and Eutrophic Coastal Areas
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