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World Energy Consumption- Projected 

Data source: US DOE- EIA 

(2010)   



Worldwide CO2 Emissions  

Data source: US DOE- EIA (2010)   



Sectors that directly affect the public 

Direct  

ÅCars: Gasoline, diesel  

ÅHome heating: Natural gas or Oil 

ÅElectricity  

 

Distributed 

- Jet fuel 

- Diesel: Trucks, buses (transport food delivery, 

etc)   



Topics Covered  

Topic1: Biofuels: definition and background 
Topic 2: 1st Generation biofuels 
Topic 3: 2nd Generation biofuels  
Topic 4: New York State Initiatives  
Topic 5: Relevance to Long Island Initiatives 
  

  

 



  

 

Topic 1 
 

Biofuels: Definition and Background 

 



Background  

Definition:  
Fuels derived from CO2-net neutral feedstocks.  

 

Impact Sectors 

Å Transportation  

Å Utilities 

Å Manufacturing  

 

Gasoline Consumption:  

Year  Billion gallons   

2007                   372 

2009                   346  

 

Goal: Replace 75% oil imports by 2025. 



Topic 2 

1st Generation Biofuels 

 
Å Bioethanol 

Å Biodiesel 

 



Biofuels  

Target Fuel  2005     2012  2025    

        (billion gallons/year) 

Bioethanol [U.S.]* 5       7.5                         60 

Biodiesel [U.S.]** 0.6    1.3 (2008)     ---      

Bioethanol [Brazil]** 4.5  

 

 
*Corn based 
**Data from NBB 
***Sugarcane based (45% of the world total). 



 
Topic 3  

 
2nd  Generation Biofuels  

 

    

  



U.S. Energy Independence and Security 

Act of 2007:  

136 billion L of renewable biofuels by 2022. 

   - corn-based ethanol: 57 billion L 

   - At least 61 billion L from cellulosic  

 

EPA Ruling- 01/21/2011 

   - Vehicles 2001 or later: up to 15% ethanol  

 

Drivers  

 



- Biogas 

- Algae 

- Cellulosic Materials 

 

 

 Feedstocks    

  



Biogas:  

A Natural Source of  

Bio-methane 

 



14  

Animal  
Animal weight 

(lbs)  
Total manure & 
urine (gal/day)  

Biogas 
production*  

ft 3 /head/day  

Dairy Cow  1400  12.5  46.4  

Beef Feeder  800  6.1  27.6  

Market Hog  135  1.35  3.9  

Poultry Layer  4 0.032  0.29  

Advantages  

Å Readily biodegradable organic matter content of manure. 

Å Reduction of odor by 50-98%.  

Å Reduction of pathogens by 90%. 

Courtesy: M. Smith, USDA, 2009 

Animal Waste 
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MSW  

Courtesy: USEPA 2008, USEPA LMOP 

Composition 

Å70-80% of MSW is ñorganicò  

ÅLandfills: 55% US waste 

 3 lbs person-1 day-1 

 50% CH4, 50% CO2 

 6.2-270 m3 tonne-1  

 (3.1-135 m3 person-1 yr-1) 

Å Other processing feasible 

Å Source separation advantageous 
 

Advantages  

Å For a landfill: reduces GHG impact, odor control 

Å Other processes: residues may have value 
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Methane (CH4) 

Carbon Dioxide (CO2) 

Trace gases (H2S, NH3, H2, N2, COé...) 

Biogas 

Anaerobic 

Digester 

Effluent 
Stabilized  organics 

Low odor 

Reduced pathogens 

 

Unstable organics 

Odorous 

Pathogens  

 

Courtesy: M. Smith, USDA, 2009 

Influent  

Anaerobic Digestion (ASD) Process 



Biogas Composition  

Component  Content  

CH4*  55 -70 % by vol.  

CO2*  30 -45% by vol.  

H2S*  200 -4000 ppm by vol.  

NH3**  0-350ppm  

Humidity***  Saturated  

Energy Content*  20 -25 MJ/m 3 

*RISE-AT (Regional Information Service Center  for South East Asia on Appropriate Technology), 1998. Review of current status of  

anaerobic digestion technology for treatment of municipal solid waste. 

** Strik, D.P.B.T.B. et al., 2006. A pH-based control of ammonia in biogas during anaerobic digestion of artificial pig manure and maize silage.  

Process Biochemistry 41, 1235-1238 

*** Rakiļan, 2007. Biogas for farming, energy  conversion and environment projection 

Courtesy: M. Smith, USDA, 2009 



 

 

 

Biogas: Challenges 

ÅEconomical method to extract  

 bio-methane from biogas. 



Algae- A natural  

source of Bio-oils  

 

 

 
Ref.: Pienkos et al., IEEE Spectrum,  

November 2010 



What is Algae? 

ÅAlgae are microscopic organisms that are oil 

factories. 

ÅAlgae uses sunlight to make oils: 

 CO2 Ą Sugars Ą Oils 

 

ÅOil yields vary with algae strain (~30,000) but can be 

as high as 50%. 

 - Soybean: 500 L oil/hectare/year 

-  Algae: 9,000 ï 47,000 L oil/hectare/ year  

  

ÅOil is very similar to vegetable oils.  

ÅEnergy density: similar to gasoline whereas ethanol 

is lower. 



 

Algae- Advantages 

ÅAlgae can be grown using land and water unsuitable for 

plant or food production, unlike some other first- and 

second-generation biofuel feedstocks. 

ÅSelect species of algae produce bio-oils through the 

natural process of photosynthesis ð requiring only 

sunlight, water and carbon dioxide.  

ÅAlgae have the potential to yield greater volumes  

(2000 gallons) of biofuel per acre per year of production 

than other biofuel sources. Other sources yield lower. 

- Palm: 650 gallons  

- Sugar cane: 450 gallons 

- Corn: 250 gallons 

- Soy: 50 gallons 



 

 

 

 

 

Algae- Advantages 

ÅAlgae highly productive. Large quantities of algae  

    can be grown quickly, and screened rapidly.  

ÅBio-oils from photosynthetic algae could be used to 

manufacture a full range of fuels: gasoline, diesel  

    and jet fuel. 

ÅGrowing algae consume carbon dioxide; this  

    provides greenhouse gas mitigation benefits. 

 



Algae Production-I:  

Open Shallow Ponds  



Algae Pr 

Algae Production-II:  

Photobioreactors  



Å Can be grown in stainless steel tanks  

     but not via photosynthesis. 

 

Å Add sugars, very similar to ethanol 

 

Not of interest. 

Algae Production-III:  

Fermentors  



Present technology:  

2010 $: 10 - 35 / gallon oil equivalent 

 

ÅScreening for novel strains that can grow  quickly and 

efficiently. 

ÅMinimize water losses during growth (re.: open 

ponds) 

ÅMinimize: 1) growth of useless competitors (weeds), 

2) pathogens, and 3) predators.  

ÅDewatering after growth: 1 g algae/L water 

ÅProduct focus: diesel, gasoline and jet fuel 

 

Projection (2020): $75 - $100 / barrel 

Bio-Oil form Algae: Challenges  



ÅOver 100 start-ups (~$150 million venture 

funds). 

   - Algenol, Aurora Algae, Sapphire   

     Energy, Solazyme, Solix Biofuels 

 

ÅConocoPhillips, Chevron, ExxonMobil, Royal 

Dutch Shell. 

 

ÅProduct focus: diesel, gasoline and jet fuel 

Who is interested?  



Cellulosic Materials  

 

 

     

  



Biomass Feedstock   

ñBillion tonò study (USDA/DOE) 

Å Agriculture: Corn stover, wheat straw, soybean residue, manure,  
        switchgrass, other energy crops. 

Å Forest: Forest thinnings, fuelwoods, logging residues, wood processing                                         
 and paper mill residues, urban wood wastes.  



 Biomass: Structural Units 

Cellulose: Polymer and cross-linkages among 

glucose units.     

Hemicellulose: 5, 6 carbon sugars, sugar 

acids, acetyl esters- more complicated than 

cellulose.     

Lignin: Phenolic polymers- impart strength to 

plants.         

Typical composition 

Carbohydrates/Sugars:  75%  

Lignin:    25% 

       

Source: US DOE 



ñBiorefineryò Concept   



Biomass to Fuels     

Methanol 

Alcohols (C2+) 

F-T Liquids 

(Biorefinery Concept) 

Hydrogen 

(direct & Indirect) 

(Feedstock) 

      SYNGAS   

      CO,CO2,H2 

 

B 

I 

O 

M 

A 

S 

S 

 

Cat. 

Thermochemical Route: Syngas Platform 



Approach   
Combine new Process Engineering and Process 
Chemistry concepts. 
 
Process Chemistry   
Liquid Phase Low Temperature (LPLT) concept 
 - Single-site or Nano catalysis 
Process Engineering  
Heat management  
 - Microchannel Reactors  
 

Challenge   
Total Carbon Utility with Product specificity 
 - Atom Economy . 



Topic 4 

New York State Initiatives 

 

 



Renewable Fuels Roadmap and 

Sustainable Biomass Fuels Supply  

 

Released 2010  

http://www.nyserda.org/publications/ren

ewablefuelsroadmap/default.asp 

 

https://webmail.bnl.gov/exchweb/bin/redir.asp?URL=http://www.nyserda.org/publications/renewablefuelsroadmap/default.asp
https://webmail.bnl.gov/exchweb/bin/redir.asp?URL=http://www.nyserda.org/publications/renewablefuelsroadmap/default.asp


Renewable Fuels Roadmap and Sustainable Biomass Fuels Supply  
 

Released 2010  

http://www.nyserda.org/publications/renewablefue

lsroadmap/default.asp 

 

Å NYSERDA (NYS Energy Research and 

Development Authority) 

Å NYSDEC (NYS Dept. of Environmental 

Conservation) 

Å NYSDAM (NYS Dept. of Agriculture and 

Markets 

http://www.nyserda.org/publications/renewablefuelsroadmap/default.asp
http://www.nyserda.org/publications/renewablefuelsroadmap/default.asp
http://www.nyserda.org/publications/renewablefuelsroadmap/default.asp


NYS Roadmap Highlights  

ÅAssesses the prospects for the expansion of biofuel 

production in New York State, focusing on resource 

availability and economic and environmental impacts. 

ÅTopics covered: 

ÅBiodiesel 

ÅBiofuels 

ÅCellulosic ethanol 

ÅCompeting uses 

ÅConversion technology 

ÅFeedstock 

ÅGreenhouse gas emissions 

ÅLife cycle analysis 

ÅRenewable energy 

ÅSustainability 

ÅTransportation fuels 



Key Issues Considered: 11  

1. Stakeholder Input: Vision Document and Stakeholder Input 

Workshops.  

2. Analysis of Sustainable Feedstock Production Potential in NYS 

3. Feedstock Transportation and Logistics 

4. Life Cycle Analysis and Public Health Assessment of Biofuel 

Production, Transportation, and Use in New York State 

5. Technologies for Biofuels Production 

6. Biofuel Industry Economic Impacts and Analysis. 

7. Worker Training and Business Research Infrastructure for a 

Biofuel Industry in New York. 

8. Sustainability Criteria. 

9. Selected Future Production Pathways in New York. 

10. Policy Analysis and Inventory of Existing Relevant State and 

Federal Policies. 

11. Biofuels Markets in New York State & Integration in the 

Northeast Region and Competition for Biomass Resources. 



Expanding Biofuels in NYS 

Scenarios considered: 3 

 
Scenario 1: ñBig Step Forwardò 

ÅFocus on large (90 MGY) biofuel production plants.  

ÅRapid development of lignocellulosic feedstock 

resources is assumed on available rural lands. 

ÅTotal New York production of renewable gasoline 

substitutes would reach 508 MGY.  

ÅUnder this scenario, New York meets about 5.6% of its 

    projected  gasoline consumption with home grown 

    biofuels.  



Expanding Biofuels in NYS 

Scenario 2: ñGiant Leap Forwardò 

ÅSome cropland is used for biofuel production. 

ÅAssumes that 2nd generation lignocellulosic biorefineries 

(biochemical and thermochemical systems) are ready for 

    commercial deployment. 

ÅLarge lignocellulosic biorefinery clusters (average capacity 

    354 MGY) exist in a centralized collection/distribution 

    system.  

ÅTotal New York liquid biofuel production including grain 

derived ethanol would reach 1,449 MGY.  

ÅNew York could meet about 16% of its projected 

transportation gasoline consumption with home grown 

biofuels.  



Expanding Biofuels in NYS 

Scenario 3: ñDistributed Productionò 

ÅSame feedstock production and similar conversion 

technology as in Scenario 2.  

 

ÅThis scenario reflects a more decentralized fuel production 

industry with no individual biorefinery capacity exceeding 

60 MGY, except for the existing grain ethanol biorefineries.  

 

ÅTotal New York liquid biofuel production including grain-

derived ethanol would reach 1,449 MGY.  

 

ÅNew York could meet about 16% of its projected 

transportation gasoline consumption with home grown 

biofuels.  



Biomass Capacity 

ÅOf the Stateôs 18.5 million acres forest lands, nearly 15.8 

million acres is producing or is capable of producing 

woody biomass.  

 

ÅNew York agricultural industry currently produces ~12 

million dry tons biomass annually and produces another 

9.5 Mdt/year of biomass from forests. 

 

ÅThe current forest products industry uses 2.5 Mdt/year. 

Corn provides the greatest amount of biomass from a 

single agricultural crop in the State (60%) and much of 

this is used by the New York dairy industry. 

 



Biofuel Production Technologies 

ÅFifteen current technologies were evaluated for 

converting solid biomass to liquid fuels. 

 

ÅThe Roadmap summarized process descriptions, current 

development status, and estimated economic and 

performance attributes for the year 2020. 

 

ÅOnly 3 are currently in commercial use.  

 

ÅBy 2020, the total capacity for lignocellulosic ethanol is 

estimated to be between 508 and 1,449 million gallons. 



 

 

 

Topic 5 

Long Island Initiatives 
 
 



Research Facility 

Å New York State funded $45 million at SBU. 

- Build the Advanced Energy Research & Technology Center (AERTC)  

Å NSF C-BERD will be housed in this building. 

 

Characterization Facilities 

Å Center for Functional Nanomaterials (CFN)  

     - A U.S. Department of Energy (US DOE) $85 million facility at BNL.  

  

Facilities  

AERTC CFN 



CEWIT  

AERTC 

Stony Brook University R&D Park  


