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Brief Biographical Note of Ron Pate 
 Educational Background 

- 1971: BS, Engineering Physics, University of Arizona-Tucson 
- 1978: MS, Electrical Engineering, University of Colorado-Boulder 

 Professional Experience in Energy Industry 
- 1978-80:  Geophysicist, Shell Oil Company, Houston, TX 
- 1982-86:  Advanced Ignition Systems Research Manager, Star Hill Co., Albuquerque, NM 

 Sandia Experience/Career Highlights Summary … 26 years at Sandia 
- 1986-88: Lead Electrical Design & Diagnostics, MITL System, HERMES-III  Accelerator 
- 1988-90: Strategic Arms Control Tagging Systems R&D 
- 1990-95: Renewable Energy Systems R&D, PV Design Assistance Center, USAID-Mexico 
- 1995-2001: Project Lead, Directed Energy-High Power Microwave Project with AFWL 
- 2001-2004: Advanced Concepts Group 
- 2004-2006: Energy-Water-Ag Interdependencies, Energy-Water Roadmap, Biofuels R&D 
- 2006-2008: SNL Lead for DARPA Biofuels Project with UOP Team 
- 2008-2009: Core team for Development of DOE/EERE-OBP Algal Biofuel Technology Roadmap 
- 2009-2011: Temporary 2-year Assignment with DOE/EERE-OBP, Wash DC, Algae Biofuels Team 

 Current Sandia Projects 
- Renewable Energy / Smart Grid Projects: Mesa del Sol, Hawaii 
- National Climate Assessment Technical Report Team:  Energy-Water-Land-Climate Nexus 
- Deputy Director, National Algae Biofuels Testbed Proposal Team ATP3 (led by ASU) 

 

ENG 505 - ENERGY SURETY & SYSTEMS 
Alternative Fuels 

3 



Recall: What is a Complex System? 

 A complex system is a system composed of interacting elements 
that as a whole exhibit one or more properties (behavior among 
the possible properties) not obvious from the properties of the 
individual parts 

 Common Attributes 
 Multiple interacting phenomena 

 Heterogeneous element 

 Non-linear dynamics and effects 

 Adaptive behavior 

 Elements with memory 

 Large network of elements or nested complexity 
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http://en.wikipedia.org/wiki/System�


Recall: Approaches* to Complex Systems 

 Mathematics 

 Physical-Cyber-Behavior 

 Threat and Risk 

 Systems Engineering 

 Sandia Software Tools  

 Sandia Disciplines 

5 
*Note: These approaches represent a simplified set  of complex systems concepts chosen for the ENG505 systems 
lectures.  Please see the initial two systems lectures for additional detail and expanded references. 

These represent approaches or 
resources that an analyst or engineer 
may apply to a systems engineering 
challenge.  They are not intended to 
be a complete set, just one chosen to 
add structure to this course. 



Complex Systems Engineering* 

 This approach represents a number of methodologies all which 
usually have four simple steps to solve systems issues! 
1. Describe the system 

 Identify the elements of your system 

 Identify the interactions between the elements 
– Identify what flows over the interactions 

2. Describe system requirements 

 Safety, reliability, security, scalability, extensibility, manageability, maintainability, 
interoperability, sustainability, composability, adaptability, survivability, affordability, 
understandability, and, agility. 

3. Identify aspects for complex systems 

 Emergence, Complexity and Information, Dynamics and Self-Organization, Networks  

4. Apply one or more methodologies 

 Theory, Tools, and Approaches 

 Example: CASoS 
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*Note: Additional detail and expansion around other approaches are included in the initial two ENG505 systems 
lectures.  This is only a simplified template summary for use in ENG505 energy-focused classes. 



Complex System Context for Alternative Fuels 
The Energy-Water-Land-Climate Nexus 
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Six Energy Strategies of DOE/EERE 

Alternative Fuels Space 



DOE/EERE Goals* 
 

* EERE FY13 Budget Request Roll-out Presentation by 
   Henry Kelly, Acting Assistant Secretary, Feb 13, 2012 
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Key Alternative Fuels Issues 
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• Can it Scale-Up ? 

- For Substantial Contribution to National Energy Supplies 

• Can it be Produced “Affordably” ? 

• Can it be Produced “Sustainably” ? 

- With Economic Sustainability 

- With Environmental Sustainability 

- With Social Sustainability 

• Compatibility with Existing Infrastructure? 



The Alternative Fuels Landscape 
Focus on Transportation Fuels 
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DOE/EERE Summary of EV Benefits 
http://www.afdc.energy.gov/afdc/pdfs/51017.pdf 

http://www.afdc.energy.gov/afdc/pdfs/51017.pdf�


Challenges to Electric & Hybrid Vehicles 
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• “Energy density is what counts” (… Tony Tether, former DARPA director):   
 - Gasoline delivers about 35 MJ/kg 
 - Electric vehicle batteries deliver about 1 MJ/kg 
• Relative High Cost and Limited Capacity of Vehicle Battery Technology1 
   - Rough Rule of Thumb:  Battery costs must drop from $600/kwh to $300/kwh to 
 compete against IC engine vehicles burning gasoline at $3.50/gallon 
  - Price gap between Electric and IC vehicles must close substantially 
   … via reduced cost of batteries and/or increased cost of hydrocarbon fuels 
• Lack of charging infrastructure - Need to install tens of millions of charging stations1 

• Need to strengthen the utility grid to handle electricity demand by plug-in hybrids2 

• Need to change utility regulations to promote nighttime recharging 
• Where you live (and how your electric power is generated) determines how climate-  
   friendly electric vehicles will be … e.g., hydropower vs. coal vs. natural gas.3 

1 Deutch, John and Ernest Moniz, “Electrificaiton of the Transportation System”, MIT Energy Initiative Symposium Report, April 
8, 2010. http://web.mit.edu/mitei/docs/reports/electrification-transportation-system.pdf 
2 Hadley, Stanton W. and Alexandra Tsvetkova, “Potential Impacts of Plug-in Hybrid Electric Vehicles on Regional Power 
Generation”, ORLN/TM-2007/150, January 2008. http://www.ornl.gov/info/ornlreview/v41_1_08/regional_phev_analysis.pdf 
3 Anair, Don and Amine Mahmassani, “State of Charge: Electric Vehicles’ Global Warming Emissions and Fuel Cost Savings 
across the United States”, Union of Concerned Scientists, Prepublication Verison,  April 2012. 
http://www.ucsusa.org/assets/documents/clean_vehicles/electric-car-global-warming-emissions-report.pdf 
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Electric & Hybrid Transportation Alternatives 
DOE/EERE R&D Investments in Vehicle Technologies Program 
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Hydrogen Fuel Cell Alternatives 
DOE/EERE R&D Investments in Hydrogen & Fuel Cell Technologies  
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Biomass-Based Fuel Alternatives 
DOE/EERE R&D Investments in Biofuel Technologies  

16 



17 Adapted from: EIA 2006; Huber, et.al., 2006  

Example Fossil and Renewable Feedstocks  
& Pathways for Liquid Transport Fuel Alternatives  



Alternative Liquid Fuels Challenge:  
Replacing the Whole Barrel – Biomass is Low-Carbon Option 
Biofuels Trend… toward “infrastructure compatible” drop-in hydrocarbon fuels 
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Comparative Value of Biofuels 
Source:  DOE/EERE-OBP Quarterly Review, Oct 2011 
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Current U.S. Policy-Driver for Biofuels 
In Context of Overall US Transportation Fuel Demand 

20 
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Ethanol2 Gasoline2 Biodiesel2 Diesel Fuel2 Jet Fuel2 

∼ 84,600 
Btu/gal 

∼ 125,000 
Btu/gal 

∼ 126,200 
Btu/gal 

∼ 138,700 
Btu/gal 

∼ 135,000 
Btu/gal 

 
Energy Density (Volumetric) Relative to Conventional Gasoline 

∼ 0.68 1.00 ∼ 1.01 ∼ 1.11 ∼ 1.08 

 
Fuel Volume per Quad of Energy Content in Billions of Gallons per Quad (Bgal/Quad)3 

∼ 11.8  ∼ 8.00  ∼ 7.92  ∼ 7.21  ∼ 7.41  
1 Hydrocarbon fuels transport, storage, distribution, and end use (e.g., engines and 
vehicles)  
2 Higher heating values for the various fuels are taken from: 
Davis, et al. (2010).  Stacy C. Davis, Susan W. Diegel, and Robert G. Boundy, “Transportation Energy Data Book:  
Edition 29”, ORNL-6985, Oak Ridge National Laboratory, DOE/EERE Vehicles Technology Program, July 2010.  
http://cta.ornl.gov/data/download29.shtml 
3 Quad = 1-Quadrillion Btu’s = 1015 Btu, where 1-Btu = 1.055 kJ = 2.93 x 10-4 kWh 

- Denotes fuels fully compatible with current infrastructure1   

Not All Fuels are Alike   
Energy Density Differences and Infrastructure Compatibility 



Hydrocarbon Fuel Blendstock Requirements  
- Existing hydrocarbon fuels span a large boiling point range 
- Many biofuels pathways make single molecule fuels 
- Single molecule biofuels have limited blend allowance 
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Biomass-Based Fuels … Chemical Flexibility  
Numerous Pathways Identified and Being Pursued 
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Biomass-Based Transportation Fuel Options 
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Advanced Biofuels from Cellulosic Biomass 
Big Potential, but Involves Complex Systems Problems 
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• About half of the carbonaceous compounds in terrestrial biomass are 
cellulose, which is the most prominent single organic compound on earth.  
• The net primary production of biomass was estimated to be 60 Gt/annum 
of carbon in terrestrial and 53 Gt/annum in marine ecosystems (1 Gt = 
1012 kg) (Cox et al. 2000).  
• Almost all of the biomass produced is mineralized again by enzymes 
which are provided by microorganisms.  
• Cellulose is a chemically homogeneous linear polymer of up to 10 000 D-
glucose molecules, which are connected by ß-1,4-bonds. As each glucose 
residue is tilted by 180° towards its neighbors, the structural subunit of 
cellulose is cellobiose  
• The chemical uniformity provokes spontaneous crystallization of the 
cellulose molecules, the tightly packed microfibrils. Cellulose thus is a 
sturdy material ideally suited to insure the structural stability of land plants 
where it is a main component of the primary cell wall, especially in wood.  
• Although crystalline cellulose is chemical homogeneous, no single 
enzyme is able to hydrolyze it, whereas soluble cellulose derivatives are 
easily degraded by a single endo-ß-1,4-glucanase.  



Advanced Biofuels from Cellulosic Biomass 
Big Potential, but Involves Complex Systems Problems 

26 

 • Although crystalline cellulose is chemical homogeneous, no single 
enzyme is able to hydrolyze it, whereas soluble cellulose derivatives are 
easily degraded by a single endo-ß-1,4-glucanase.  
• Enzyme mechanisms generally depend on single molecules fitting in 
their substrate pocket - with cellulose the substrate is much larger than 
the enzyme  
• The crystalline material is hydrolyzed by a number of simultaneously 
present, interacting enzymes, or alternatively by a multienzyme complex 
found in anaerobic micro-organisms (cellulosome).  
• Cooperation with non-catalytic specific binding modules (the 
carbohydrate binding proteins or modules) the enzymes are able to 
disrupt the crystal surface at the solid-liquid interphase, to make single 
cellulose fibers accessible for hydrolysis.  
• The investigation of the hydrolysis mechanisms of cellulases opens up 
a new way of looking at enzymatic activity: the dualism between 
mechanical and structural "preparation" of the insoluble (crystalline) 
substrate followed by the hydrolytic activity on a released molecule 
(Sheehan and Himmel 1999). 



Lignocellulosic Biomass Resource Assessment 
Billion Ton Study Update Findings for U.S. 
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The JBEI Mission 

•Develop alternative transportation fuels to meet future demands while 
reducing greenhouse gas emissions 
•Pursue the scientific foundations for comprehensive, integrated 
research in biology relevant to energy production  
•Provide the tools for cost effective production of biofuels 
•Transfer JBEI inventions to the private sector for commercialization 

Biochemical Strategies and Technologies  
The Joint Bio-Energy Institute – DOE Office of Science 



Mixed Bio/Thermo Strategies and Technologies  
e.g., National Advanced Biofuels Consortium – DOE/EERE 
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Advanced Biofuel Production Cost Profiles 
DOE/EERE Baseline Trends, Projections, and Target Goals  

30 



Biofuels Cross-Cutting Systems Issues 
Systems Analysis and Associated Technology R&D 
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Sandia Analysis Capabilities Include GIS, System Dynamics Modeling, Interdependencies Assessments 
Sandia Technology R&D Capabilities Include Biology, Biochemical and Thermochemical Processes, Separations 

Technologies, Systems Integrations, and Diagnostics 



Biofuels Sustainability 
Involves complex energy-water-land-resource system interdependencies 
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Current DOE Biofuels Program Efforts 
Analysis and Sustainability … multiple labs involved 
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Current DOE Biofuels Program Efforts 
Feedstock Logistics … multiple labs involved 
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Current DOE Biofuels Program Efforts 
Feedstock Logistics … multiple labs involved 
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Current DOE Biofuels Program Efforts 
Catalysis  … multiple labs involved 
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Current DOE Biofuels Program Efforts 
Catalysis … multiple labs involved 
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Current DOE Biofuels Program Efforts 
Catalysis … multiple labs involved 
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Current DOE Biofuels Program Efforts 
Separations … … multiple labs involved 
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Current DOE Biofuels Program Efforts 
Thermo-Chem Processing of Lignocellulosic Biomass 

Key Process Challenges 



41 

Current DOE Biofuels Program Efforts 
Bio Oil Production… multiple labs involved 
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Current DOE Biofuels Program Efforts 
Bio Oil Production… multiple labs involved 

Key Technical Barriers 
•Limited understanding of chemical and catalytic 
mechanisms and kinetics pertaining to the thermal 
depolymerization of biomass.  
•How can we optimize process conditions and catalyst 
performance to maximize bio-oil yield and quality while 
reducing the impact of feedstock variability and impurities?  
 

•Limited understanding of the impact of the physical 
and chemical properties of bio-oil on downstream 
upgrading processes.  
•How can the thermal stability of bio-oil be improved and 
impurities be removed to facilitate economical upgrading to 
biofuels?  
 

•Petroleum refining processes are not optimized for 
hydrocarbon liquids with high oxygen content, like 
bio-oils.  
•How can carbon efficiency be maximized during bio-oil 
deoxygenation?  
 

•The physical and chemical properties of bio-oil are not 
compatible with existing refinery infrastructure.  
•How can acidic bio-oils with high moisture content be 
integrated into existing petroleum refineries without 
severely impacting boiling point distributions and materials 
of construction?  

Critical R&D Activities 
•Fundamental studies for understanding reactions, 
mechanisms, and kinetics of vaporization, catalytic 
deoxygenation, and bio-oil stability  
•Develop thermal stability and quality metrics for 
bio-oil  
•Identify and minimize bio-oil impurities (ash elements, 
chlorides, water) that reduce the performance of 
downstream upgrading catalysts  
•Determine oxygen functionality and impurities that 
reduce bio-oil stability.  
•Develop improved, multi-functional heterogeneous 
catalysts to:  
•Balance hydrodeoxygenation, decarboxylation, and 
decarbonylation pathways for minimizing oxygenate and 
water production  
•Maximize carbon efficiency during bio-oil production  
•Develop & demonstrate (1000 hrs) novel integrated 
bio-oil production processes that:  
•Maximize carbon conversion to bio-oil  
•Reduce process complexity  
•Maximize thermal integration  
•Minimize or eliminate external H2 consumption thus 
reducing both capital and operating costs  



Algae Biofuels 
Benefits and Challenges 
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Benefits of Algal Biofuels 
• High productivity potential 
• Minimizes competition with agriculture  
• Can use waste and salt water 
• Recycles carbon dioxide and other nutrients (N, P, etc.) 
• Integrated production of fuels and co-products 

Challenges to commercializing Algal Biofuels 
• Affordable, scalable, and reliable algal biomass production 

• Reliable feedstock production & crop protection at scale 
• Energy efficient harvesting and dewatering 
• Extraction, conversion, and product purification 
• Siting and sustainability of resources 

•  Algae Biofuels Technology Roadmap, released June 2010, 
helps guide RD&D http://www1.eere.energy.gov/biomass/pdfs/algal_biofuels_roadmap.pdf 

 

© NIES 
Japan 

http://seawe
ed.ucg.ie 

© MBL, 
Woods Hole 

© U. 
Wisconsin 

http://www1.eere.energy.gov/biomass/pdfs/algal_biofuels_roadmap.pdf�


Algae Biofuels Production  
Example of a Complex Systems Analysis Challenge 

44 



45 

Simplified Algae Biofuels Production Process 



Key Algae Biofuels Process Steps 
Source: DOE Algae Biofuels Technology Roadmap 
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Algae R&D Challenges 
Feedstock Biology, Cultivation, Harvesting & Dewatering 
Source: DOE Algae Biofuels Technology Roadmap 
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Algae R&D Challenges 
Extraction, Fractionation, Conversion to Fuels & Co-products 
 Source: DOE Algae Biofuels Technology Roadmap 
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Algae R&D Challenges 
Infrastructure and Cross-Cutting Analysis 
Source: DOE Algae Biofuels Technology Roadmap 
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Algae Biofuels Pathways Summary 
Production & Conversion to Fuels/Products 
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Algal Biomass 

Direct Synthesis of 

Fuels or Precursors: 

  - Alcohols (Ethanol) 

  - Renewable 

       Hydrocarbons 

  - High Value Products 

Whole Algae  

or Non-lipid  
Algae Residue 
Conversion: 

  - Biochemical 

  - Thermochemical 

  - Anaerobic Digestion  
    • Power & Heat 
     • Nutrient Recovery 

Carbohydrates Proteins Lipids 

Biochemically converted  
into fermentable sugars for  

fuel precursors 
and  
fuels 

 
 

Ethanol 
Butanol 

etc. 

For feed or other 

products; Power 

Upgrading into Biodiesel (FAME), or Renewable  

Hydrocarbon Fuels (Gasoline, Diesel, and Jet) 

Heterotrophic Microalgae 

Exogenous sugars 
(optional addition) 

Open Systems Closed Systems Hybrid Systems 
Autotrophic Microalgae 
Autotrophic Macroalgae 
Mixotrophic Microalgae 

 

Autotrophic Microalgae 
Heterotrophic & Mixotrophic Microalgae 

 
Exogenous sugars Exogenous sugars 

CO2, 
Water, 
Nutrients,  
&  
Light (PAR)  

CO2, 
Water, 

Nutrients,  
&  

Light (PAR)  
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• Heterotrophic algae oil production is a biochemical conversion process 
        … Not a stand-alone feedstock derived directly from photosynthesis 

• Relies on an upstream source of organic carbon feedstock (e.g. sugars) 
• Uses mature bioreactor (fermentation) technology capable of scale-up 
• Controlled process enabling dense algae culture with high oil content 

… Culture densities of 50 to ≥ 150  grams/liter (dry weight) 
… Oil content of 50% to ≥ 75% (dry weight basis) 

• Cost of production highly dependent on cost of sugar feedstock 
• Has the same “sustainable feedstock” issues as today’s ethanol biofuel 

… Food & Feed vs. Fuel issues can arise if commodity sugar or starch crops are used 
… Will be most sustainable at large scale using C5 and C6 sugars from cellulosic biomass 

• Capable of biofuel feedstock oil scale-up in same manner as ethanol   
  production, to extent that affordable feedstock sugars can be made available 
• Life cycle assessment (LCA) and resource use impacts (e.g., land, water,  
  nutrients, energy, GHG) must include the upstream sugar feedstock production 
•Combination of heterotrophic with autotrophic (mixotrophic approach) can  
  boost microalgae oil production using a dual metabolic path process 

Heterotrophic Algae Approach 
Considered a Conversion Process, Not a Primary Feedstock 



Autotrophic Algae Biofuels  
Baseline Cost Analysis by NREL 
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NREL Baseline Cost Analysis Sensitivities 
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-$6 -$4 -$2 $0 $2 $4 $6 $8 $10 

Evaporation rate (0.15 : 0.3 : 0.6 cm/day) 

Water recycle (100% : 95% : 80%) 

CO2 delivery (pure CO2 : flue gas) 

CO2 cost basis ($0 : $36 : $70/ton) 

Flocculant required (15 : 40 : 80 mg/L) 

Nutrient demand (source 1 : base : source 2) 

Inoculum system (not required : required) 

Water supply (undergound : utility purchase) 

Nutrient recycle (100% : base : 0%) 

Operating factor (365 : 330 : 250 days/yr) 

Growth rate (50 : 25 : 12.5 g/m2/day) 

Lipid content (50 : 25 : 12.5%) 

Change to TAG production cost ($/gal) 

Open Pond Sensitivities 

More “bang for the buck” 
targeting lipids vs. growth rate 
(Realistically, cannot maximize 
both simultaneously) 

[1]   Benemann, J. et al., “Systems and Economic Analysis of Microalgae Ponds for Conversion of CO2 to Biomass.”   
       Final Report to the Department of Energy, Pittsburgh Energy Technology Center (1996) DOE/PC/93204-T5 
[2]  Hassannia, Jeff.  “Algae Biofuels Economic Viability: A Project-Based Perspective.”  Article posted online: http://www.biofuelreview.com/content/view/1897/1 

http://www.biofuelreview.com/content/view/1897/1�


NREL Baseline Cost Analysis Sensitivities 
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Systems Analysis Example - Algae Biofuels Scale-up  
Scenario-Based Resource Demand Consequence Assessment 

55 

Purpose:  To address the following high-level questions … 

 How far can U.S. algae biofuels be sustainably scaled up? 
 To be relevant, fuel volumes must be significant in context of current & future U.S. 

demand for transportation fuels, and policy mandates for biofuels 

 Must think in terms of many Billions of Gallons per Year (BGY) 

 What are most likely resource constraints?  … at what level? 
 Focus on land, water, CO2, and nutrients (N, P) 

 Can limitations be extended or overcome?  … How? 

 

Goal:  To provide greater awareness and insight to technology developers 
and policy makers regarding the need to pursue promising algae biofuels 
approaches capable of sustainable build-up to significant fuel production on 
a national scale. 



SNL Algae Biofuels Scale-up Analysis 
Scenario-Based Resource Demand Consequence Assessment 
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 Consider hypothetical algae production scale-up scenarios & locations in US 
 - Target algal oil production levels of 10, 20, 50, & 100 BGY 
 - Ignore all systems and processes details … assume it exists & works ! 

 Assume range algae productivities … Moderate to Very Optimistic 
 - Land requirements based on cultivation area needed for assumed productivity 

 Assume open system cultivation (subject to evaporative water loss) 
 - Limit water demand estimate to evaporative loss only (ignore all other) 
 - Based on fresh water pan evaporation data … likely to be worst case 

 Assume CO2 and nutrient (N, P) demand based on simple mass balance with  
  assumed algae C:N:P composition ratio and 100% utilization efficiency 

 Compare projected land, water, CO2 and nutrient (N, P) demand with  
  estimates for resources available and/or similarly used   

 Draw preliminary conclusions within limited scenario scope & assumptions 
 

 



SNL GIS-based Preliminary Site Analysis  
Identify Preferred Algal Biomass Production Site Locations  



SNL Algae Biofuels Scale-up Scenarios 
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Algae Oil Productivity Curves as Function of  
Daily Biomass Productivity and Oil Content 
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Estimated Land Area Required 
As function of target production & productivity levels 
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Estimated Water Required 
As function of target production & productivity levels 
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Stationary CO2 Emission Sources 
 in Lower-Tier State Scenario Region 



Estimated CO2 Required 
As function of target production & productivity levels 
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Estimated Nitrogen Required 
As function of target production & productivity levels 

64 



Estimated Phosphorus Required 
As function of target production & productivity levels 

65 



 Land … requirements probably manageable for high scale-up 
 Water … significant challenge with limited freshwater resources 

 Can’t plan on big national scale-up using freshwater with evaporative loss 
 Need approaches that use marine and other non-fresh waters 
 Need Inland approaches that can reduce evaporative loss (closed systems?) 
 Open system salinity build-up with non-fresh waters will be issue for inland sites 

 Nutrients (N & P) … significant challenge 
 Could seriously compete with agriculture and other commercial fertilizer uses  
 Cost and sustainability are issues for commercial fertilizer use  
 Need approaches enabling cost-effective nutrient capture and recycling 

 CO2 Sourcing … significant challenge 
 How much from stationary emitters can be affordably tapped and utilized?   
 Co-location opportunities vs. affordable range for transporting concentrated CO2? 
 Can other sources and/or forms of inorganic carbon be affordably used? 

 Based on Assessment Scenario Assumptions and Trends 
 Resource constraints likely to emerge within the 5 to 15 BGY oil production range 

 Constraint reduction possible with innovation 
 Resource use intensity improves with increased algae productivity & oil content 
 How much can this be improved for reliable large scale operations? … TBD ! 66 

SNL Algae Scale-Up Assessment 
Summary of Resource Demand Implications 



Conclusions 
 Numerous Alternative Fuels Options Exist, Each with Pros & Cons 

 Non-Renewable Energy Minerals 
 Most High-Carbon Footprint Unless Carbon Capture & Storage Implemented 

 Used for Electric Power Production and Liquid Hydrocarbon Transport Fuels 

 Electrification of the Light Vehicle Fleet (not suitable for aviation & heavy transport) 
 Carbon Footprint Depends on the Form of Electric Power Generation Used 

 EVs Save on Life Cycle Fuel Costs at the Penalty of Higher Initial Vehicle Cost 

 Infrastructure, Cost, and Battery Energy Density Issues are Challenges 

 Renewable Power and Liquid Transportation Fuels From Renewable Sources 
 Fuel Options and Flexibility Greatest with Biomass 

 Potential Emerging Technology for Liquid Fuel Production from Solar Thermal (S2P)   

 Key Issues that come into play are  
 Scale-up Potential 

 Sustainability 

 Affordability 

 Compatibility with Existing Infrastructure 

 All Options Involve Complex Systems Interdependencies within the 
Context of the Broader Energy-Water-Land-Climate Nexus 67 



Key Information Sources 
 

DOE/EERE Alternative Fuels & Advanced Vehicles Data Center  
http://www.afdc.energy.gov/afdc/fuels/index.html 

 

DOE/EERE Office of Biomass Program 

http://www.biomass.energy.gov 
The U.S. Department of Energy Biomass Program produces a variety of publications 
focused on applied biomass and biofuels technologies including factsheets, reports, 
case studies, presentations, analyses, and statistics.   To learn more visit: 
www.biomass.energy.gov/pdfs/publications.pdf   

or the Biomass Publication and Product Library at 
www.biomass.energy.gov/publications.html  

 

DOE Office of Science 
http://science.energy.gov/ 
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Reports are now posted live on Biomass Program Website 
http://www1.eere.energy.gov/library/pir_publicationsnew.aspx/page/1 

Program Peer Review Report: 
www.eere.energy.gov/biomass/pdfs/2011_program_review.pdf 

Platform Peer Review Reports: 
1. IBR Platform Review: www.eere.energy.gov/biomass/pdfs/2011_ibr_review.pdf 

2. Infrastructure Platform Review: www.eere.energy.gov/biomass/pdfs/2011_infrastructure_review.pdf 

3. Biochemical Conversion Platform Review: 
www.eere.energy.gov/biomass/pdfs/2011_biochem_review.pdf 

4. Thermochemical Conversion Platform Review: 
www.eere.energy.gov/biomass/pdfs/2011_thermochem_review.pdf 

5. Analysis Platform Review: www.eere.energy.gov/biomass/pdfs/2011_analysis_review.pdf 

6. Sustainability Platform Review: www.eere.energy.gov/biomass/pdfs/2011_sustainability_review.pdf 

7. Feedstock Platform Review: www.eere.energy.gov/biomass/pdfs/2011_feedstocks_review.pdf 

8. Algae Platform Review: www.eere.energy.gov/biomass/pdfs/2011_algae_review.pdf 

DOE/EERE Office of Biomass Program 2011 Review Reports 
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THANK YOU! 
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