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US Petroleum Overview, 1949-2008
EIA Annual Energy Review 2008

1 Petroleum products supplied used as approximation for consumption.
2 Crude oil and natural gas plant liquids production.

“The peaking of world oil production presents the 
U.S. and the world with an unprecedented risk 
management problem. As peaking is approached, 
liquid fuel prices and price volatility will increase 
dramatically, and, without timely mitigation, the 
economic, social, and political costs will be 
unprecedented. Viable mitigation options exist on 
both the supply and demand sides, but to have 
substantial impact, they must be initiated more than 
a decade in advance of peaking.”

- Bob Hirsch, et.al. (2005).  Peaking Of World Oil Production:  
Impacts, Mitigation, & Risk Management

Context & Motivation:  Confluence of Trends with 
Serious Economic and National Security Implications 

“Climate change can act as a threat multiplier for instability 
in some of the most volatile regions of the world, and it 
presents significant national security challenges for the 
United States.” 

- Joshua Busby, Climate Change and National Security: An Agenda for 
Action, COUNCIL ON FOREIGN RELATIONS, CSR NO. 32, NOVEMBER 
2007

“We already know enough to appreciate that the cascading 
consequences of unchecked climate change are to include a 
range of security problems that will have dire global 
consequences.” 

- CSIS/CNAS, The Age of Consequences: The Foreign Policy and 
National Security Implications of Global Climate Change, November 
2007; available at http://www.cnas.org/climatechange



Snap-Shot of U.S. Transportation 
Fuel Use and CO2 Emissions

• Breakdown of Annual U.S. Fuel Use for Transportation:  
– Gasoline blends:  ∼140-B gal/yr
– Diesel: ∼ 45-B gal/yr
– Aviation: ∼ 25-B gal/yr
– Total: ∼ 210-B gal/yr

• Burning each of these fuels produces ∼ 20 pounds of CO2
per gallon 

• 210-B gal/yr x 20-lbs CO2/gal ∼ 2.1 Billion tons of CO2
emitted per year

• Compared with ∼ 4-Billion tons CO2 from stationary sources 
(power plants, cements plants, ethanol plants, etc.)

• Capture and sequestration of CO2 and/or re-use of emitted 
carbon from transportation vehicles is impractical



“The World Bank 
estimates that 

demand for food 
will rise by 50 

percent by 2030, 
as a result of 

growing world 
population, 

rising affluence, 
and shifts to 

Western dietary 
preferences by a 

larger middle 
class.”

Consequence for biofuels :  Must avoid long-term conflict with 
agriculture for land, water, & fertilizer required for food & feed production

Context & Motivation:  Confluence of Trends with 
Serious Geo-Political and Global Stability Implications 



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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Biofuels Challenge: Sustainable Scale-Up



Water: Key Factor for Sustainable Biofuels
A Growing Awareness of Energy-Water Interdependencies



The Energy-Water Nexus 
Energy and Water are Inextricably linked

Water for Energy and Energy for Water

Energy  and 
power 
production 
requires 
water:
• Thermoelectric   

cooling
• Hydropower
• Energy minerals 

extraction / mining
• Fuel Production 

(fossil fuels, H2, 
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



Water Challenges are Nationwide



Aquifers Impacted by Over-Pumping
(Shannon, 2006)



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



Gallons of Oil 
per Acre per Year

Corn 18

Soybeans 48

Rapeseed 127

Oil Palm 635

Micro Algae 1000 - 7000

• Can use non-fresh water, resulting in reduced 
pressure on limited fresh water resources

• High biomass &/or oil productivity potential
• Oil feedstock for higher energy-content fuels
• Can avoid competition with high-value agriculture  

e.g., land, water, and markets for food & feed production
• 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



Species 
Selection &

Biology

Cultivation 
Systems

+
- Harvesting
- Dewatering

- Fractionation
- Separation

Conversion 
Processes

End Use 
Fuels & 

Products

Intermediate 
Constituents

Algae Biofuels: 
Numerous Approaches and Paths

Adapted from DOE/EERE OBP Algae Roadmap Report



Phototrophic & Heterotrophic Paths
... Linked Back To Photosynthesis

Starch & Sugar 
Crops



Adapted from Draft DOE/EERE OBP Algae Roadmap Report

Example Conversion Paths 
for Algal Oil to Biofuels



Adapted from Draft DOE/EERE OBP Algae Roadmap Report

Example Conversion Paths 
for Algal Biomass to Biofuels



Co-product and 
co-service credits  

important  for 
economic viability

Cost & Scale-up Challenges for Algal Biofuels
Examples of Systems and Processes Issues



Preliminary 
Resource Consequence 

Analysis 

Based on 

Three Hypothetical 
Regional Scale-up Scenarios

for
Algal Oil Production  



Caveat: Algal oil production assumed proportional to 
solar insolation only ; Detailed climate & weather 
(temperature, precipitation, etc.) and other effects 
on systems productivity were neglected in this exercise. 

Assumes algal biomass 
productivity of 
∼ 30.8 g/m2-day

and 50% oil content
(dry weight equivalent)

Assumes algal biomass 
productivity of 
∼ 19.3 g/m2-day

and 50% oil content
(dry weight equivalent)

Assumes algal biomass 
productivity of 
∼ 21.3 g/m2-day

and 50% oil content
(dry weight equivalent)



31

50

= POA

Algal Oil Productivity Parametric Curves

Region 
of 

Reality

∼ 6500 
gal/(ac-yr)



Factor in US* Distribution of CO2 Sources
* Based on NATCARB 2008 Stationary 

Industrial CO2 Emitter Source Atlas



Use Fresh Water Annual Average Horizontal Plane Pan Evaporation Data

Fresh water pan evaporation will be an upper (high) estimate for evaporative loss;  
Loss in open water bodies may be less and saline water evaporation will be less.

Factor in Evaporative Water Loss
Assume Open System Algal Biomass Cultivation
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CO2 Emitter and Non-Fresh Water* Resources
*(e.g., Wastewater, Produced Water, Saline Aquifers, Marine Water)

Co-Location Opportunities  for Algae Biofuels Production



Other Nutrients (N, P, K) Needed for Algae Scale-up 
- Subject to Increasing Costs Linked to Energy and Imported Fertilizer
- Need to recycle nutrients from waste streams for sustainable scale-up

Note: Cost of other N,P,K fertilizers 
also track with petroleum/NG prices

Algae biomass  
Nitrogen content ~5-8 %
Phosphorus content ~1%

Algae can require as 
much, or more, nitrogen 
per unit of biomass 
produced than other
agricultural crops

Energy and GHG 
footprint from 
commercial fertilizers 
used for biofuel 
feedstock production 
reduces overall GHG 
benefit of the biofuel



Overview
Valri Lightner, Acting Program Manager

DOE/EERE Office of Biomass Program
Emerging Algae Biofuels Program and Investments



Successive Generations of Biofuels

Corn 
Ethanol

Cellulosic 
Ethanol

Advanced
Biofuels

• Commercially 
available (no DOE 
research ongoing)

• Reduced GHG 
emissions

• Capped by RFS

• Focus of current 
DOE research

• Potential to lower 
GHG emissions 86%

• Uses biomass from 
waste and non-
agricultural land

• DOE scoping effort
in progress for algae, 
new biofuels & pathways

• Exploit opportunities to 
reduce environmental 
footprint

• Energy content and
fuel economy similar to 
petroleum-based fuels



Future Needs for Biofuels and Bioenergy

Value-added Bioproducts/Coproducts

Technology Advances
• Diverse feedstocks in all regions
• Flexible, bio-powered conversion

– Mix of biochemical (advanced 
enzymes), thermochemical (pyrolysis, 
gasification, etc.), and other 
conversion technologies

• Increased yields and efficiency
• Lower production costs
• Efficient logistics and deployment
• Modular systems to reduce

capital costs

Carbon Mitigation
• Potential role in future carbon legislation

Stimulate/Leverage Scientific Progress

Advanced Biofuels
• Algal Based Biofuels
• Higher Alcohols
• Green Gasoline
• Renewable Diesel
• Renewable Jet Fuel Formulations

New & High-Yield Feedstocks
• Energy crops
• Wastes
• Algae

Other National Benefits
• Sustainable domestic energy
• Strong economic growth (new 

technology markets and jobs)
• Positive impact on climate

and air quality



DOE Biofuels Sustainability Research Priorities
Biomass R&D Board Interagency Sustainability Working Group -
Engaged in U.S. Government partnership to identify biofuels sustainability 
indicators

Indirect Land Use.- Developing models to help study international land 
use impact of domestic biofuels production and mandates

Climate Change - Conduct life cycle analysis (LCA) of biofuels production 
and use through a wide range of existing and future production pathways

Water - Conducting LCA of water demand for biofuel production (compares 
corn ethanol, sugarcane ethanol, and competing petroleum fuels) 

Biodiversity – Study impact of biofuels industry growth on biodiversity 
and sensitive ecosystems

GIS Tools - Developing GIS tools to analyze current and future U.S. 
feedstocks, infrastructure availability, and economic and environmental 
sustainability ... e.g.,  Knowledge Discovery Framework (KDF) (ORNL)

Resources assessment for algae production (PNNL)

Addressing sustainability challenges is critical to industry growth



Algal Biofuels Program Emerging 
Launched with FY2009 and FY2010 Funding



Initiated :  Early-FY09
Goal:  Identify needs, gaps, and 
fundamental and applied research needed 
to resolve uncertainties and reduce 
technical risks to enable and accelerate 
commercial-scale algal biofuel production.  
Scope of Roadmap includes:

• Algal Biology 

• Cultivation 

• Harvest/dewatering 

• Extraction/fractionation 

• Conversion to fuels 

• Co–products 

• Systems integration 

• Siting & Resources 

• Regulation & Policy 

National Algal Biofuels Technology Roadmap
Revised Final Draft Report  in Review… To be Published Early-2010



Recovery Act: Biofuels RD&D Projects
$480M Pilot & Demonstration-Scale Biorefineries

Validate technologies for integrated production of advanced biofuels, products, and 
power to enable private financing and replication;
DOE grant awards for refineries to be operational within 5 years:
- Two $25M pilot-scale project awards for algae (Algenol ; Solazyme)
- One $50M demonstration-scale project for algae (Sapphire)

$176M Commercial-Scale Biorefineries
Increase in funding for prior awards; two or more projects
Expedite construction; accelerate commissioning & start up

$110M Fundamental and Applied Research
$25M: Three existing DOE Bioenergy Research Centers and new, small-
scale pilot plant/user facility for sustainability research
$35M: Advanced Research Consortium; infrastructure-compatible biofuels
$50M: Algal Biofuels Consortium to accelerate demonstration
…  $44M awarded to Nat’l Alliance for Adv. Biofuels and Bioproducts (NAABB) Team 

$20M Ethanol Infrastructure Research
Optimize flex-fuel vehicles operating on E85
Evaluate impacts of intermediate blends on conventional vehicles
Upgrade existing infrastructure for compatibility with E85

$13.5M Expand NREL Biochemical Pilot Plant
Expand pre-treatment options and capacity Total:  $799.5 million



DOE/EERE OBP Algae Consortium 
Algal Biofuels Consortium FOA issued July 2009 

• Purpose is to “accelerate technology development”
• ARRA-funded competitive solicitation for 3-year project funding 

…  $44M awarded to NAABB team (announced Jan 13, 2010)

Primary objective – “develop cost effective algae-based 
biofuels that are competitive with petroleum counterparts”

Other guidance
• Focus on barriers from DOE’s National Algal Biofuels Roadmap
• Not seeking to construct new facilities but leverage existing 

capabilities and resources
• Partnerships emphasized, because suite of technologies and 

capabilities is required
• Additional (non-ARRA) funds (~$35M) to be invested in algae 

biofuels research in FY2010 (details TBD)



Algal Biofuels Technology Challenge Areas

1. Feedstock supply: Strain development and cultivation

2. Feedstock logistics: Harvesting, dewatering, extraction

3. Conversion/Production: Accumulation and separation 
of intermediate feedstocks followed by synthesis of fuels and 
co-products

4. Infrastructure: Fuel testing and standardization

5. Sustainable Practices: Life Cycle and Techno-Economic 
analyses, siting and resources management



• Despite long-recognized potential, commercial scale-up of 
affordable and sustainable algal biofuels is yet to be realized;

• Fourteen years after the Aquatic Species Program, 
DOE/EERE is again investing in algae biofuels R&D;

• An updated algae roadmap effort was initiated in FY09 to 
provide objective update on technical status and R&D needs;

• $100M in competitive grant funding (ARRA) awarded by DOE 
to three cost-shared algae biofuel pilot scale (Algenol and 
Solazyme) and demonstration scale (Sapphire) Integrated 
Biorefinery (IBR) projects to:

- validate advanced biofuels and bioproducts production technologies 
and processes in an integrated system;

- provide data to enable private financing of commercial scale 
replications;

Summary



• $44M in competitive grant funding (ARRA) has been awarded 
by DOE to a cost-shared algae consortium team (NAABB) to 
pursue technical challenges and reduce risks identified in the 
algae roadmap;

• Additional FY2010 funding will be invested in algae biofuels 
research, and algae is being integrated into the DOE/EERE 
Biomass Program;

• Investments by DOE, other federal agencies, and private 
industry can be expected to yield advances in algae biofuels 
over the next 3-5 years;

• Major challenges:
- reduce costs to enable affordable & competitive biofuels from algae
- increase reliable productivity (biomass and/or extractable oil)
- provide improved systems and processes operations & performance
- provide environmental benefits and avoid adverse scale-up impacts.

• Major factor: Future price and availability of petroleum

Summary … continued



Thank You !

Questions ?
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