Bioenergy and Sandia

Hawaii Bioenergy Master Planning Meeting

Honolulu, HI
May 21, 2008
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Sandia National Laboratories

... four main mission areas

* Nuclear Weapons

« Homeland Security and Defense

« Defense Systems and Assessments

« Energy, Resources, and Nonproliferation

... two major facilities sites

Albuquerque, New Mexico
. RS T WY R

Established 1949 Livermore, California

Recent Statistics
« 8,600 full-time employees
» 1,500 PhDs and 2,700 MS/MASS===
2,200 on-site contractors
* $2.33 hillion FY06 budget

. . " " " Sandia
//%AV'A!&?% Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, for the @ Naﬁ,,na.
Nasonat uciearsecurtysammsinion  UNited States Department of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000 Laboratorieg
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Energy Resources and Nonproliferation
Strategic Management Unit

Sandia
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Biofuels Interest & Motivation at Sandia

Energy Security ... Heavy U.S. dependence on petroleum imports

- Oil imports of ~10-M bbl/day (150+ B-gal/yr)
.. two thirds for transportation fuels
- Subject to supply disruption from volatile regions
- Represents $300+ B/yr burden on U.S. economy
.. supports interests hostile to US

- Increasing competition (China, India, etc.)
& price volatility for limited global supplies
- “Peak Qil” concerns
.. decades away?

.. In 10-years? }—b Place your bets |  mmp
.. happening now?

Assessing paths for build-up & integration with exi sting
production, energy/fuels, and transportation infrast ructure
Sustainable Approaches and Associated Costs/Benefits/Impacts Tradeoffs

Technology, Processes, and Systems R&D Needs and Priorities
Insight for Technical and Non-Technical (e.g. Policy) Decision-Support

Energy-Water Nexus and Climate Change Concerns

Mitigate adverse impacts on land use, water, GHG footprint, etc. @ finda
Laboratories

Biofuels Interest & Motivation at Sandia

Energy-Water Nexus Investigations for DOE
- Report to Congress released in early-2006
http://www.sandia.gov/energy-water/docs/121-RptToCongress-EWwWEIAcomments-FINAL.pdf

- National Energy-Water Technology Roadmap Effort (2  005-2007)

- Three Needs Assessment Workshops: Western, Central, Eastern U.S.
- Gaps Analysis Workshop

- Technology Innovations Workshop

- Energy-Water Roadmap Report to be Released by DOEi n 2008
- More Information available at www.sandia.gov/energy-water

Among the major findings:

- Water for Biofuels is an Emerging Issue

- Water Impacts of National Biofuels Scale-up Needs A  ttention

- Corroborated by recent National Academy Report

http://www?7.nationalacademies.org/ocqa/briefings/Wa

ter Implications of Biofuels Production.asp
http://www.nap.edu/catalog.php?record id=12039

Sandia
National _
Laboratorieg
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Water for Enerqgy and

Energy for Water

Energy and
power
production

requires

water:

* Thermoelectric
cooling

* Hydropower

* Energy minerals
extraction / mining

* Fuel Production
(fossil fuels, H,,
biofuels , other

non-conventional
fuels)
* Emission controls

Water
production,
processing,
distribution,
and end-use
requires

energy:

* Pumping

 Conveyance
and Transport

» Treatment

* Use conditioning

* Surface and
Ground water

Sandia
National
Laboratories|

Water Demand/Impact of Transportation Fuels

Sandia
National
Laboratories|
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The Biofuel-Water Connection...
Subject of Increasing Discussion

£

Overview
of
Biofuels Work
at
Sandia National
Laboratories
,,,,, [ .
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Cross-Cutting Bioenergy-Related Activities
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Sandia
* New DARPA-funded algae-to-JP8 team project expected to begin 4QFY08 @ ﬂ“g'g,gaﬁ,,s

Example with Specific Hawaii Focus

Current UOP Team Project (under DARPA BAA06-43)
JP-8 Fuel from Biomass-Based Oil Feedstocks

Sandia’s Role:

*Systems Analysis and Biofuel Scale-Up Feasibiliss@ssment

*Systems approach to value chain & critical intpetedencies

- Energy, water, land, environment, economy, denpgcs, policy, etc.
- Dynamic, time-dependent linkages and feedbacks
- Combination of technical, economic, LCA, and eamimental considerations

*Multiple geographic regions and feedstock sources

*Combination of GIS and Systems Dynamics Modeling,
Analysis, and Decision-Support

*Paths/tradeoffs for affordable & sustainable babfcale-up

*Hawaii among high-priority U.S. regions for assessment () i

Laboratorieg
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Approach Includes Techno-Economic Modeling
for Science & Technology-based Policy Insight

Energy

Systems and

Process Engineering
&

er Sciences

Policy Analysis

Sandia
@ National
Laboratories}

Feedstock Biomass r, _Str)r;g_e and | Oil Feedstock Oil Feedstock
: Sources Production Transportation Processing Product
§ Overall bio-oil to JP-8 system & process value chai n
v d o prT—— | “Storage and _:
Algal Biomass P ! ] N2 4EE o, |Transportation
*PBR Systems  [—| * ﬁ:'rt\'/\gt'ﬁlg  S&T | Separation, Lransetatol .
*Open Ponds + Dewatering —_—— Purification
*Hybrid Systems i
: UoP
/Open Field CropJ / Co-Products 1 Conversion
*Rapeseed « Cultivating and Processes
«Jatropha —»| - Harvesting Recycling
«Cuphea « Drying . ~ :
« other * Pre-processing Mult|p!e e ! l
Alternative = CEIEHhy 3
g R Bio-Oil - materials ‘ JP-8
" Other Bio-oils . Feedstock - chemicals (Equivalent)
slallow —p: * Collection eedstoc Fuel
:J\la:sgloils « Pre-processing Sources, : *
.......................... Production Integration
K Pathways, into Storage
.+ Heterotrophic JP-8 Fuel Existing U.S Transportation
Microbes «Feed off organic - - Distribution
*Bacteria materials Production Infrastructure
Molds & Yeasts i—pi *Integration with & Co-Products used for
*Algae Wastewater Military Euel
Use bioreactors Treatment St . ta. yrue End Use
No light needed Facilities, other @ National Distribution i
laboratoies
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Got Algal Oil?

... not enough and too expensive !

Feedstock Biomass r, _Str)r;g_e and | Oil Feedstock Oil Feedstock
: Sources Production Transportation Processing Product :
‘ Overall bio-oil to JP-8 system & process value chai §
PR, AP
: D Qil Extraction Storage and |
0il Crops ... 1 1 ' 1 i
Hawall Specifc: : Infrastructure 1 S&T Separation, (Transportation |
Kukui, Jatropha, . ﬁultlvat[on ==== Purification
. * Harvesting
Oil Palm, etc. )
* Pre-processini - -
7y l Bio-Oil to JP-8
Key Issues: Multiple Processes Supply / Co-Products l(ionversmn
«Qil crop cultivation & growth Vval Chai il rocesses
Infrastructure «Oil content optimization alue-Chain : (UoP) i
. ) ) . Recycling '
-Crop production | «Harvesting & Pre-processing for Oil Crop !
-Processing Co-Product Separation - water ' l 1
-Storage/Transport | +Recycling Feedstock, - energy : '
7 ) JP-8 Fuel - materials 1 JP-8
Land-Use ) ; Equivalent
Multiple Systems & Best and - chemicals (Equivalent)
Water Practices Fuel
. ; Co-Product ‘
Energy «Cultivar propagation . ) ' *
(seed, cuttings, cultures) Production Integration :
Materials +Strain selection and into Storage
improvement it Transportation
Markets & +Production Agronomics Existing U.S. Pl :
. : Distribution ;
Financing and Management Infrastructure < :
Policy & *Equipment & I;frastructure _qsed for ‘
Regulation - : Military Fuel :
Multiple Cultlya_rs ﬁan.yﬁd Distribution |
& Characteristics e
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DESC - Hawaii JP-8 Bulk Fuel Purchase Region
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National
Laboratorie:

GIS Assessment * of Potential Oil Crop Land in
Hawaii based on Soil Suitability & Other Factors
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* With collaborative support from HARC National
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Estimated Land Available After Additional Review of
Soils and Other Factors For the Island of Hawaii

333

Sandia
National
Laboratories

Estimated Land Available After Additional Review
of Soils and Other Factors For the Island of Mauli
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Estimated Land Available After Additional Review
of Soils and Other Factors For the Island of Kauai
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Summary

Sandia engaged in range of bioenergy-related R&D an

d

assessment as part of national security mission are atied

to energy and critical resources

Strong overlap with other Sandia work related towa  ter,

energy, critical infrastructure, and environment

Focused on Hawaii for feasibility assessment of bio mass

oil feedstock and fungible biofuel (JP-8, green dies  el)
production scale-up... Current UOP team project goals
Include outlining:

- Pathways/plan for affordable renewable feedstocka  nd JP-8 / GD biofuel

production scale-up in Hawaii

- Options/pathways for incentivizing & initiating im plementation of biofuel
feedstock and processing capacity build-up in Hawai i within ~5-10 years

Interested in discussing opportunities to strategic ally

partner and constructively contribute to Hawaii bio energy

planning, development, and implementation efforts
Thank you !

i
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Thanks to the Following
Collaborators and Contributors
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Sandia
National
Laboratories]

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company for the United States Department of Energy's National Nuclear Security Administration under contract DE-AC04-94AL85000

Future energy development will put

new demands on water
$ 2 7 2

Biodiesel processing

Soy for biodiesel (irrigated)
Ethanol processing

Com for ethnaol (irrigated)
$ O | Hydrogen reforming
% 7 Natural gas pipeline (<1)

Natural gas process

2 2 Natural gas extraction

7 I Oil Storage

Oil Shale - surface retort

Oil Refining

$ 2 2 ! 2 ! Oil Sands
2 Oil-Shale - in situ

6 EOR -- Tertiary steam

EOR -- CO2 Injection
Enhanced Oil Recovery

Oil Extraction
$ 2 2

Uranium Processing

7 Uranium Mining
| | $ Coalbed Methane
Synfuel Production
7 * * ' 2
Coal Slurry
I | Coal Washing

Coal Mining

Equivalent to
1,000,000
Gallons/MWh,
@34.1% thermal to
electric conversion
efficiency

10 100 1,000 10,000 100,000
Gallons/MMBTU ,
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Water Demand/Impact of Transportation Fuels

Sandia
Water Demand for Biofuels Production
Feedstock Production and Fuel Processing
@ﬁ:%‘.f:a.
Laboratories|
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The Promise
and Challenge
of Algal Biofuels

n
National
"A" (Approved for Public Release, Distribution Unlimited) Laboratories|

Opportunity from E-W Perspective:

Biofuel from Algae using Non-Fresh Water Sources

Sandia
National
"A" (Approved for Public Release, Distribution Unlimited) Laboratories|
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