
 
Before we do anything else, “What does the word ‘biofuel’ mean to you?  What do you 
think of when you hear the word ‘biofuel’?” 
 
Intro to Advanced Biofuels USA 
 
The short version:  Advanced Biofuels USA is a nonprofit educational organization 
dedicated to promoting the understanding, development and use of advanced biofuels.  
This presentation is part of the first element of that mission.  To promote understanding 
of advanced biofuels. 
 
The longer version: 
Advanced Biofuels USA, a nonprofit educational organization advocates for the adoption 
of advanced biofuels as an energy security, military flexibility, economic development 
and climate change mitigation/pollution control solution.   
 
Our key tool for accomplishing this is our web site, www.AdvancedBiofuelsUSA.org, a 
one-stop-shop library for everyone from opinion-leaders, decision-makers and 
legislators to industry professionals, investors, feedstock growers and researchers; as 
well as reporters and journalists, teachers and students. 
 
INTRO: 
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Introduction 
This is what we are going to talk about 
At the end of the class, you should be able to answer these questions.  At least a little 
bit. 
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The first question we are going to explore is why biofuels and advanced biofuels are 
important. 

3 



Advanced Biofuels as part of an Energy Security solution. 

 

1)  Something as important to everyday life as the power to help you move from place to 
place. 

 

If you put control of that power in the hands of other countries, you become vulnerable.  
If those other countries want to make you do something that you don’t want to do, they 
can just squeeze your supply of oil and make life difficult. 

 

For examples, early 1970’s oil embargo lead to lines of cars at gas stations. 

In your memory, then lines at gas stations after Hurricane Katrina knocked out a lot of 
gasoline production and distribution.  That kind of disruption is a vulnerability.  It’s 
better to make your fuel at home. 

 

If we can replace a good portion of that 90% of oil that is used for transportation by 
making our own transportation fuels, we minimize that liability. 

 

 

 

 



This is a diagram of how production of oil has peaked in the US, while our need for 
petroleum fuels has increased, so we have to import oil that we can’t produce ourselves.   
This same dynamic of oil fields being used up is going on around the world.  They don’t 
replenish, are not renewable.  When the oil is gone, the well doesn’t grow more. 
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This is an illustration of how ExxonMoble is extracting oil from old wells and not finding 
as much as they used to. 
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2) This oil is fossil fuel.  It will run out some day.  Before it runs out, it becomes very difficult, 
dangerous and expensive to find and to extract. 

 Remember the oil spill in the Gulf of Mexico in 2010—drilling for oil very, very 
deep wells 

 Also the tar sands in Canada 

In Canada’s boreal forests, there are almost 3000 square miles of mineable oil sands. Getting to 
the oil sands means removing the forests. It means that large scale, heavy equipment moves 
into the landscape, removing the plants, impacting animal populations, and damaging soil, water 
and air. Shifting Sands documents the work in the oil sands with photos of the oil sands 
landscapes during and after this process. Some consider this to be a cost of oil production. 
Others consider this to be an environmental disaster. 

http://www.decodedscience.com/the-tar-sands-fueling-controversy/4981    by Tricia Edgar is a 
science writer and educator from the beautiful, wet Pacific Northwest. She has a Master’s 
degree in Environmental Management. 

 

Map:  
http://www.google.com/imgres?hl=en&sa=X&biw=1280&bih=685&tbm=isch&prmd=imvns&tbn
id=YeF5QzLiRLZv9M:&imgrefurl=http://earthobservatory.nasa.gov/Study/BorealThreshold/&do
cid=omIRY8y0hG362M&imgurl=http://earthobservatory.nasa.gov/Features/BorealThreshold/Im
ages/boreal_forest_map.gif&w=428&h=370&ei=CkO0TrbAJM-
CsgKimNnmAw&zoom=1&iact=hc&vpx=607&vpy=226&dur=11401&hovh=209&hovw=241&tx=
103&ty=113&sig=117376384788423915804&page=1&tbnh=141&tbnw=163&start=0&ndsp=18
&ved=1t:429,r:8,s:0 
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2) This oil is fossil fuel.  It will run out some day.  Before it runs out, it becomes very 
difficult, dangerous and expensive to find and to extract. 

 Remember the oil spill in the Gulf of Mexico in 2010—drilling for oil very, 
very deep wells 

 Also the tar sands in Canada 

In Canada’s boreal forests, there are almost 3000 square miles of mineable oil sands. 
Getting to the oil sands means removing the forests. It means that large scale, heavy 
equipment moves into the landscape, removing the plants, impacting animal 
populations, and damaging soil, water and air. Shifting Sands documents the work in the 
oil sands with photos of the oil sands landscapes during and after this process. Some 
consider this to be a cost of oil production. Others consider this to be an environmental 
disaster. 

http://www.decodedscience.com/the-tar-sands-fueling-controversy/4981    by Tricia 
Edgar is a science writer and educator from the beautiful, wet Pacific Northwest. She has 
a Master’s degree in Environmental Management. 
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Why focus on transportation instead of making electrical power?  If our goal is to 
replace imported oil and petroleum-based fossil fuels, then transportation fuel is the 
way to go. 

 



Many people don’t realize that the ethanol that we talk about with regard to fuel is the same 
molecule as the ethanol or alcohol in wine, beer, whiskey—and that corn ethanol has long been 
nick-named moonshine. 

 

You can introduce the process of fermentation of starches (as in corn) and sugars.  This and 
other technologies will be addressed later in more detail. 

 

Important note:  as soon as the ethanol is distilled and ready for transport from a biorefinery, 
some gasoline is added to “poison” it so that it will not be drinkable, and will not be diverted to 
beverage purposes. 

 

Photos are an old crusher and presser which might be used for grapes (similar ones for apples 
and other fruit); and the distillery at Mount Vernon, VA, a re-creation of the distillery operated 
by George Washington on his plantation.  

 

If you want to add a history lesson, or integrate this with lessons in the history department, you 
can talk about how corn was converted to liquid (moonshine) to both increase its value and 
make it easier to move large volumes across the Appalachian mountains in the early days of the 
United States.  The Whiskey Rebellion is also a relevant topic. 

 

You can point out the parallels in the problems that people have today moving large volumes of 
raw biomass to biorefineries. 
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Advanced Biofuels as part of a Climate Change mitigation solution 

.  Not only will oil run out some day, but in the meantime burning hydrocarbons that 
used to be buried deep in the Earth releases carbon dioxide into the air.   More than we 
need to grow plants and to sustain life.  So it stays for very long time in the atmosphere 
causing climate change.  More about carbon cycle later. 

 

Less pollution  

Fuels like ethanol burn cleaner, don’t put as many pollutants into the air. 

In this country, mostly for transportation; but in other countries ethanol and biodiesel 
can replace wood and dung which put lots of soot into the air which also causes climate 
change. 

Carbon neutral:  use does not contribute to an increase in greenhouse gases. 

 

 

Suggestion:  Point out location of oil on the chart. And arrows coming from oil surface, 
brining stored/sequestered carbon to the surface and releasing it; compare that to 
plants re-using/recyling carbon that is already released to grow. 

 

Point out that when plants are used to make fuel, like the ethanol example, they do not 
use carbon that is far underground, but, rather, the carbon that is in the air. 

 

We will re-visit this slide later to go into more detail. 



So, those are the reasons of why BIOFUELS in general are important; why Advanced Biofuels? 

 

That has to do with sustainability.  We’ll talk about this in more detail later and you’ll do an exercise too. 

 

For now, what does sustainable mean? 

 

Endurance 

 

Lasts for a long time.  Or, you can keep doing something over and over without it degrading.  Or, in a way, 
it has continued life or existence 

 

So, when we talk about sustainability and biofuels, we mean that they have to have economic viability 
over a long term; have to allow or enable the environment to be unharmed or helped; and have to have 
social acceptance, fit into the fabric of a culture.  We’ll talk about some examples later.  Just tuck that in 
the back of your mind for now. 

 

Advanced biofuels are the ones that are more sustainable, do less damage to the environment, while still 
being economical to produce and that meet the demands of the society for social values such as the ones 
we talked about before—energy security, for example. 

 

Sustainability is the capacity to endure. For humans, sustainability is the long-term maintenance of well 
being, which has environmental, economic, and social dimensions, and encompasses the concept 
of stewardship, the responsible management of resource use. In ecology, sustainability describes how 
biological systems remain diverse and productive over time, a necessary precondition for human well-
being. Long-lived and healthy wetlands and forests are examples of sustainable biological systems (from 
Wikipedia) 

12 

http://en.wikipedia.org/wiki/Stewardship
http://en.wikipedia.org/wiki/Resources
http://en.wikipedia.org/wiki/Ecology
http://en.wikipedia.org/wiki/Biodiversity
http://en.wikipedia.org/wiki/Wetlands
http://en.wikipedia.org/wiki/Forests


The next question we ask is what are biofuels and advanced biofuels used for? 
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Today, biofuels are used in your cars and trucks.  You can buy biofuels at the “gas” 
station.  Around the Washington DC area, almost all the regular gasoline is E10—or 10% 
ethanol, a biofuel; so 10% biofuel.  You can also buy biodiesel blends.  Usually 2-5% is 
biodiesel; but some people use 100% biodiesel, sometimes in farm equipment or in 
specially adapted cars and trucks. 

 

Race cars use biofuel—IndyCars use E98—almost 100% ethanol.  Do you know why 
they can’t use 100%?  Because someone might drink it; so they have to poison it with 
gasoline molecules so that it is used just for the cars; not for people.  Next year IndyCar 
will use E85, to develop engines and fuels that are closer to what is used on the street. 

 

NASCAR uses 15% ethanol this year.  They may increase the amount of ethanol that 
they use in the future. 

 

In the American Le Mans Series, some cars use bio-isobutanol (Butamax); some use E85; 
some use E10.  Some use diesel; maybe they’ll use renewable diesel some day. 

 

And some flights in Spain, Netherlands, Germany and Mexico use 50/50 blends of 
biofuel and regular fuel. 

 

So, you do use biofuels today—just not so much advanced biofuels.    
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Gasoline substitutes  

(Grassoline; Green Crude) 

Biodiesel or renewable diesel from non-food feedstocks 

Jet fuel made from biomass or algae   

(JP-8; Commercial Aviation fuels) 

“Designer” fuels tailored to obtain the most efficient, most powerful 
performance from specific engines 

Hydrogen Carriers for Fuel Cells  
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On March 25, 2010, the Air Force successfully conducted 

the first flight test of an aircraft powered by a 50-50 

camelina-based biofuel blend. As of mid-2011, 99 

percent of the Air Force fleet has been certified to fly on 

biofuel blends.15 The Air Force expects to complete all 

flight testing by February 2012 and all certifications by 

December 2012. 

The Navy also is actively engaged in testing and certifying 

advanced biofuels for planes and ships—flying the 

“Green Hornet” on a camelina-based jet fuel and floating 

Riverine Command Boat-Experimental (RCB-X) on a 

biofuel derived from algae.16 

 

The Navy is planning to demonstrate a carrier strike group 

powered solely by alternative fuels in 2012. Dubbed the 

Great Green Fleet, the ships and planes are expected to 

conduct an extended mission in 2016, and all energy 

provided to operational platforms is to be 50 percent 

alternative by 2020. 
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So, how do you make biofuels and advanced biofuels? 
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There are three parts to making advanced biofuels:  feedstock—the stuff that goes into 
the recipe;  logistics—how do you get the feedstock from where it grows or is produced 
to the biorefinery; and the technology—how do you convert the feedstock into fuels. 
 
For example, how do you release the energy of the sun that has been captured in plants 
so that it can be productively used to move a car, truck, train or plane? 
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We’re just going to look at some pictures of the many things that could become 
advanced biofuels. 
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Photos from the Penn State Energy Crop Library fields 



Shiv with sweet sorghum stalk 



canola 



Grasses that grow as high as houses. 

Clarinet reeds are made out of giant reed plants. 

In the US this is considered an invasive species.  No federal funds are available to 
research using this as an energy crop in the US. 





This is a small sugar beet. Many get as big as soccer balls.  During harvest, people in the 
area know to drive far behind the trucks full of sugar beets as some bounce out of the 
truck and hit and break windshields. 



Certainly the sugar from sugar beets can be fermented into ethanol; but if you are 
talking about advanced biofuels, it’s the left-over pulp, the residue from the sugar-
extraction process, that can be converted into the building blocks of biofuels—simple 
sugars (C-5 and C-6 sugars) that can either be fermented or go through other processes 
to make ethanol, other molecules that go into fuels, or other chemicals. 

 

Research is being done on that conversion process, developing the enzymes to break 
down that pulp, at Hood College in Frederick, MD. 



Not only is the grass growing higher than the height of the man, but the root system of 
the grass grows even longer than that.  So, when you talk about sustainability; places 
that need soil erosion control might be good candidates for growing switchgrass as an 
energy crop. 







Wood chips might be left-overs or residues of other forest products processes.  For 
example from sawmills.  Or from slash and waste at forest harvest sites—materials that 
would otherwise be burned int the open.  But then you have a logistics issue—getting 
the waste wood from the forest to the biorefinery for an economical price. 

 

You might also have purpose-grown wood, just as you have for some pulp/paper mills; 
especially when those have gone out of business. 



There are lots of different ways to grow algae. 
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What about vineyards.  What do they do with all the stems and seeds and skins after 
they squeeze the juice out of them? 

 

Same goes for other food processing, including animal slaughter.  Animal fats can make 
tallow for renewable diesel and biodiesel production. 

 

Or even food processing at restaurants—used cooking oil makes biodiesel. 



Now we get to the technology piece. 

 

These are names of processes that take the feedstock and make it into biofuels or the building 
blocks for biofuels. 

 

 

Explain enzymes—like the saliva in your mouth 

 

Explain fermentation— 

 

Explain ethanol.  Ask class—what is ethanol?  What in everyday life has ethanol in it?  You may 
need to prompt by using the word “alcohol.” 

Make clear that the ethanol molecules in fuel are the same chemically as the ones in beer, wine, 
spirits.  The process for converting sugars and starches into ethanol is fermentation.  The 
process for getting the ethanol concentrated—getting the water out—is distillation. 

 

Especially if local history includes production of moonshine, explain that corn ethanol is the 
same corn ethanol currently used commercially in fuel.  If time permits, can introduce the idea 
of the difference in value and the difference in transportation costs between dried corn kernals 
and processed corn into whiskey/moonshine.   If a history lesson is in order, refer to the 
Whiskey Rebellion dealt with by George Washington. 

 

For more detail on process technologies, word search in Advanced Biofuels USA’s web site. 

 



Here’s generally where those processes or technologies fall into the steps of getting 
from feedstock to fuel or other product. 
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Now we’ll look more deeply into the concept of sustainability.  Because this is, in a 
general sense, what makes a biofuel an advanced biofuel. 
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Break up into small groups to discuss this issue related to economic sustainability. 

 

Remember, sustainability means endurance, long lasting. 

 

When considering this question, think about the residues from sugar production from 
sugar beets; think about getting the slash from forests; the large bales of grass or corn 
stover and corn cobs from the field to the biorefinery.   

 

What will you use? 

What kind of costs are involved in the transportation? 

Do you have to move it in the condition it is in in the field or processing plant? 

If you could change it, what do you think would help make answering this question 
easier? 

 

What ways is fuel moved from the refinery to the place where people put it into cars 
and trucks? 

Any problems with that that you have heard of? 



This group gets to discuss a question dealing with social sustainability.  How do 
advanced biofuels fit into the culture?  

 

First, think about the ways we use land in this culture.   What do we use land for?   

 

Then think about who gets to decide how that land is used? 

 

What about the residues from an industry?  Like food processing?  Who decides how 
those are used—or not used and thrown away?   

 

What if you as a community wanted to change that?  What would you do? 

 

If your community has a landfill problem—the landfill is getting full and the community 
is discussing what to do with the waste—what might you recommend that they 
consider?  How does that process of recommending what is considered happen? 

 

Think about public hearings, zoning, planning commissions, protest marches, petition 
drives, what else?  Running for office? 



These are some of the questions that come up when thinking about sustainability from 
an environmental point of view. 

 

Take each question one at a time. 

 

First, how can growing crops help the environment?  Think about the switchgrass. 

How can growing crops hurt the environment?  What have you heard about fertilizers 
and the dead zones in the Chesapeake Bay or Gulf of Mexico? 

 

How can using forest products help the environment? 

 Think about preventing forest fires through good forest management 

How can it hurt the environment?  You may have heard of harming the rainforests by 
cutting them down for agriculture purposes. 

 

Same kind of questions and thoughts for the other topics.  Or you can talk about others, 
too. 



Groups come back together to report on their conversations. 



Here are some concepts that might be considered when talking about economic aspects 
of sustainability.  You might not have used these words, but probably included at least 
one of these ideas in your discussion. 

 

The inflection point 

Credit worthy feedstock supplier, 15 year terms   US $50/tonne 

Demonstration of technology at scale 

Credit worthy offtake partner 10-15 years  (tough for airlines, although they say they will 
buy whatever can be produce and although they seem stable, they don’t have good 
balance sheets from the perspective of financiers) 

Parity with $80 oil, unsubsidizied on comparable BTUs 

(Jim Lane, Biofuels Digest  11 1006) 

 

42 



This is the logistics part of the economic question.  This is where thinking about 
changing the biomass closer to the original location becomes an important 
consideration.   

 

Then biorefineries can be built at larger scale which makes them more economical to 
operate  (and think of social aspects of having many biorefineries in many towns—
people might say—not in my backyard). 

 

Right now, there has not been much research into conversion to intermediaries or 
precursors that can be transported easier and cheaper.  See next slide. 









Groups come back together to report on their conversations. 

 





Carbon neutral:  use does not contribute to an increase in greenhouse gases. 



Groups come back together to report on their conversations. 
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The renewable fuel standard in the 2007 EISA mandated an amount of biofuels that oil 
companies were required to blend with gasoline for transportation fuel.  This is an 
example illustrating the social aspects of sustainability.   The society went through a 
political process to suggest, promote, discuss and then pass a law that put society’s 
desire, as President George W. Bush put it, to get off our addition to oil.  This was one 
way society decided to work on that social goal that grows out of the values discussed in 
the initial slides of this presentation—energy security, for example.  
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The renewable fuel standard in the 2007 EISA mandated an amount of biofuels that oil 
companies were required to blend with gasoline for transportation fuel.  This is an 
example illustrating the social aspects of sustainability.   The society went through a 
political process to suggest, promote, discuss and then pass a law that put society’s 
desire, as President George W. Bush put it, to get off our addition to oil.  This was one 
way society decided to work on that social goal that grows out of the values discussed in 
the initial slides of this presentation—energy security, for example.  
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This illustrates a merger of the economic and social aspects of sustainability.  Unless 
new ideas that are developed to achieve the social goals (energy security, for example) 
can get funded, they have no life, no endurance, no sustainability. 

 

All of the legs of the sustainability analysis stool must be strong or the project will not 
survive. 

 

The inflection point 

Credit worthy feedstock supplier, 15 year terms   US $50/tonne 

Demonstration of technology at scale 

Credit worthy offtake partner 10-15 years  (tough for airlines, although they say they will 
buy whatever can be produce and although they seem stable, they don’t have good 
balance sheets from the perspective of financiers) 

Parity with $80 oil, unsubsidizied on comparable BTUs 

(Jim Lane, Biofuels Digest  11 1006) 
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In ealier slides we saw ways that biofuels are being used now; but what about advanced 
biofuels?  The only advanced biofuels, as defined in the Renewable Fuel Standard by 
measuring greenhouse gas emissions, which are commercially available are biodiesel 
and renewable diesel.  All others are still in the R&D stages. 



Social and Environmental considerations 
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I changed the paragraph spacing to 18 pts and exactly 22 for this slide and next.  Might 
be good formula for subsequent slides as well. 
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The inflection point 

Credit worthy feedstock supplier, 15 year terms   US $50/tonne 

Demonstration of technology at scale 

Credit worthy offtake partner 10-15 years  (tough for airlines, although they say they will 
buy whatever can be produce and although they seem stable, they don’t have good 
balance sheets from the perspective of financiers) 

Parity with $80 oil, unsubsidizied on comparable BTUs 

(Jim Lane, Biofuels Digest  11 1006) 
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