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For years there's been buzz – both positive and negative – about generating ethanol fuel 
from corn. But thanks to recent developments, the Bay Area is rapidly becoming a world 
center for the next generation of green fuel alternatives. Meet the scientists investigating 
the newest methods for converting what we grow into what makes us go. 
 
In this segment you’ll find… 
 

�  the process by which plant matter is converted into fuel. 
 
�  which types of plants scientists are investigating as 

potential fuel sources. 
 
�  the possible downsides to using these new materials for 

fuel. 
�

�
 
 
Biofuels, alternative energy sources derived from plant materials, are getting a lot of 
attention both in the political arena as well as in the laboratory.  Scientists are 
researching methods for using common plants, such as corn, switchgrass, and wood 
chips, as the source materials (feedstock) for creating alcohol that can fuel our 
automobiles.  
 
The overall process is relatively simple: breakdown the cell walls of plants to release the 

sugars and then ferment those sugars to create fuel. 
However, there are many challenges facing scientists 
as to how to do this effectively. First, they must find the 
plants that produce energy most efficiently, then find 
out the best ways to break down the cell walls, and 
finally, find (or engineer) the proper microbes to 
convert the resulting sugars into alcohol that can be 
used as fuel.  

 
Companies have been doing this with corn for a number of years. However, there are 
growing concerns with using corn ethanol: using corn for fuel instead of food presents 
ethical questions, corn ethanol delivers lower gas mileage than gasoline, and it cannot be 
delivered though the existing infrastructure that delivers traditional gasoline. As an 
alternative to corn, scientists are also currently looking for a synthetic petroleum biofuel 
that can easily replace gasoline. 
 
 
Additional background resources: 
 
Biodiesel 101: http://www.pbs.org/now/shows/302/biodiesel.html  
 

Biofuel on Wikipedia: http://en.wikipedia.org/wiki/Biofuel  
 

Wired Magazine Gas to Grass diagram: 
http://www.wired.com/science/planetearth/magazine/15-10/ff_plant_formula 

Biofuels: Beyond Ethanol  & Designer Biofuels   

 

Watch it online http://www.kqed.org/quest/television/view/819 

 

Listen to it online http://www.kqed.org/quest/radio/view/754  
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Ideas for Lower Grades 

·  What do plants need in order to grow and make energy? 

·  How do our bodies use energy from plants? 

·  Is energy from plants a renewable or nonrenewable resource? 

 

Ideas for Upper Grades 

·  What is the current source material for most of our fuel? 

·  How might using plant material for fuel help reduce greenhouse gasses? 

·  Would you buy a car that ran on an alternative energy source? What factors would 
influence your decision? 

 
 
 
For all grades see: 

·  Segment Summary Student Sheet 
http://www.kqed.org/quest/downloads/QUEST_SegSum_StudentSheet.pdf 

·  Personal Response Student Sheet 
http://www.kqed.org/quest/downloads/QUEST_PersResp_StudentSheet.pdf  

 
Ideas for Lower Grades 
 

·  What type of molecule makes up a large fraction of plants? 

·  What part of the plant do scientists need to break down to make fuel? 

 
Ideas for Upper Grades 

·  What is cellulosic biomass? 

·  What part of the plant needs to be broken down in order to use it for fuel? How is this 
done? 

·  What are some of the barriers and/or downsides to using biomass as a fuel source? 

·  What chemical compound are scientists interested in using from the plant? 

 
 
 
Video  
From Waste to Watts: Biofuel Bonanza www.kqed.org/quest/television/view/415  
·  Educator Guide www.kqed.org/quest/dfiles/113a_fromwastetowatts.pdf  
 
Audio  
Biodiesel Road Trip www.kqed.org/quest/radio/view/50 
 

Cashing in on Carbon www.kqed.org/quest/radio/view/740  
 
Blog  
Designer Biofuels  
www.kqed.org/quest/blog/2008/02/14/reporters-notes-designer-biofuels/ 
 

From Waste to Watts 
www.kqed.org/quest/blog/2007/07/10/from-waste-to-watts-biofuel-bonanza/ 
 

Biodiesel Road Trip 
www.kqed.org/quest/blog/2007/02/02/19/ 

PRE-VIEWING / PRE-LISTENING 

VIEWING / LISTENING FOCUS 

VOCABULARY  
 
 

Arable – capable of 
producing crops 
 
 
Biofuel – fuel derived 
from biomass 
 
Cellulosic biomass – 
plant matter 
 
 
Crude oil – petroleum 
as it comes from the 
ground, before refining 
 
 
Directed evolution – 
changing a cell by 
forcing it to make 
mutations 
 
 
Feedstock – plants 
used to produce energy 
 
 
Fermentation – the 
conversion of sugar to 
carbon dioxide and 
alcohol  
 
 
Metabolic engineering – 
engineering to change 
the metabolic process 
that naturally occurs 
inside cells 
 
 
Polymer – a compound 
consisting of repeatedly 
linked subunits 
 
 
Synthetic biology – the 
process of recombining 
genes to alter a 
resulting organism 
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NOTE: Resources from the Teachers’ Domain collection require a fast and free registration. 
 
Food or Fuel? E-21: Penn State Public Broadcasting 
http://www.pspb.org/e21/lessonplan_detail.php?lp_id=5  
Examine the relationship between fuel properties and chemical structures. Discover the 
potential of biodiesel as a clean, renewable, domestically-produced fuel that could lower 
U.S. dependence on imported oil.  
 
Automobile Choices and Alternative Fuels NewsHour with Jim Lehrer 
http://www.pbs.org/newshour/extra/teachers/lessonplans/science/ethanol_interactive.html  
Compare and make distinctions among five alternative fuels and understand the impact 
of different types of fuels on the environment, lifestyle and the economy of car choices. 
Use critical thinking to support multi-step decision-making for buying a car.  
 
The Biomass Balancing Act Teachers’ Domain 
http://www.teachersdomain.org/resources/psu06/energy21/sci/biomass/index.html  
An investigation of biomass as a sustainable energy resource. 
 
Global Warming: Carbon Dioxide and the Greenhouse E ffect 
http://www.teachersdomain.org/resources/phy03/sci/phys/matter/co2/index.html  
This video segment adapted from NOVA/FRONTLINE demonstrates the physical 
property of carbon dioxide that causes the greenhouse effect. 
 
Biofuels Science Friday  
http://www.sciencefriday.com/program/archives/200802081 
Ira Flatow and guests talk about various approaches to biofuels and the advantages and 
disadvantages of each. Two new studies published this week in the journal Science 
suggest that growing additional biofuel crops might actually increase the amount of 
carbon entering the atmosphere, especially if existing forests or grasslands need to be 
cleared for biofuel farming. Do the fuels make sense from an environmental -- and 
economic -- standpoint?  
 
 
 
 
 
 
 
 

 
 

     
      
 

 
 
 
 
 
 

VISIT OUR PARTNERS 
 
The Bay Institute 
www.bay.org  
 
California Academy of 
Sciences 
www.calacademy.org  
 
Chabot Space and Science 
Center 
www.chabotspace.org  
 
East Bay Regional Park 
District  
www.ebparks.org  
 
Exploratorium 
www.exploratorium.edu  
 
Girl Scouts of Northern 
California  
www.girlscoutsbayarea.org  
 
Golden Gate National 
Parks Conservancy 
www.parksconservancy.org  
 
The J. David Gladstone 
Institutes 
www.gladstone.ucsf.edu  
 
Lawrence Berkeley 
National Laboratory 
www.lbl.gov  
 
Lawrence Hall of Science 
www.lawrencehallofscience.org  
 
Monterey Bay Aquarium 
www.mbayaq.org  
 
Monterey Bay Aquarium 
Research Institute 
www.mbari.org  
 
Oakland Zoo 
www.oaklandzoo.org  
 
The Tech Museum of 
Innovation 
www.thetech.org  
 
UC Berkeley Natural 
History Museums 
http://bnhm.berkeley.edu/  
 
U.S. Geological Survey 
www.usgs.gov  
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KQED 88.5 FM San Francisco &  
           89.3 FM Sacramento  
Mondays at 6:30am and 8:30am �
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KQED Channel 9  
Tuesdays at 7:30pm 
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Concern over global warming and rising gas prices has just about everyone, including 
presidential candidates, touting biofuels. Taking the energy from plants to make a 
gasoline alternative that can run our cars has great promise. But there are a number of 
challenges. Andrea Kissack reports on the next generation of biofuels being developed 
right here in the Bay Area. 
 
Making fuel from plants isn't new. For centuries people have been turning plant matter 
into alcohol. In fact, the basic recipe for moonshine? … grind up a plant – like corn - 
into sugar water .. add yeast and … ferment. But alcohol can also run engines.  
 
That’s basically what they are doing here in Emeryville at the new Joint Bioenergy 
Institute, or (“Jay-Bay”), a project of Lawrence Berkeley National Lab, UC-Berkeley 
and other research institutions.  
 
Keasling: "If you think about a plant it’s really sugar that makes up a large fraction of 
the plant maybe half of the plant material. “  
 
Jay Keasling is a professor of chemical engineering at UC Berkeley. He heads up JBEI 
which is funded by a 125-million dollar grant from the Department of Energy.  
 
Keasling: "What we're trying to do overall is break that plant cell wall back down into 
sugars, and then take the sugars and turn them into fuels.”  
 
But breaking down the tough cell walls of plants isn't easy.  
 
Keasling: "Cell walls have evolved to be strong so that a plant stands sturdy. And so 
that it is not degraded by all of the organisms that are attacking it in the environment.  
 
Keasling and his colleagues are trying to do three things: find the plants, known as 
feedstocks, that produce energy most efficiently, like switchgrass and wood chips.  
 
Second, find ways to quickly and inexpensively, break down the cell walls of those 
plants. Finally, they are looking at different kinds of microbes that will help convert 
those sugars into alcohol, which can be used as fuel. It may be one of the world’s most 
important chemistry projects in the coming decade.  
 
Keasling: “We originally start out with growth medium that contains the sugar that is 
very clear”   
 
Keasling is standing next to what looks like a small refrigerator with a glass door. 
Insides are flasks full of tiny microbes that are heated and shaken so they will grow as 
quickly as possible.  
 
Keasling: And you see this is very cloudy, very dense and these microbes have been 
growing a few days hopeful producing our product.”  
 
A product that Keasling says will be better than corn ethanol, the biofuel of choice for 
the past three decades. Growing Corn for fuel presents a number of problems. It 
competes with the food supply. It delivers lower mileage than gasoline and you can't 
transport it through traditional pipelines. So, trucks and trains carry corn ethanol 
spewing pollution.  
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Welcome to the labs of LS9, a biofuels company in San Carlos. This Silicon Valley 
start-up began two years ago. The founders wanted to make the perfect biofuel – so 
they decided to make a type of synthetic petroleum.  
 
Pal: “Because it can plug directly into the existing infrastructure in terms of pipe lines in 
terms of refineries in terms of vehicles on the road today.”  
 
Gregory Pal, with LS9, says the company is using standard microbes such as e.coli 
and yeast to break down plant matter, into a pure petroleum replacement. Pal says the 
cost of the product needs to be brought down so that it can be mass-produced.  
 
Pal: “We feel that you have to produce a product that is competitive with crude oil at 
about 45 to 50 dollars a barrel. So we believe we will be able to get to those levels of 
production and have our first commercial plant up and running within three years. 
 
The answer to our fossil fuel crisis could come from someplace more extreme than 
Silicon Valley… like the jungles of Costa Rica, where Bay Area researchers 
prospecting for better microbes are looking at the digestive enzymes from termites.  
 
Hugenholtz: “Costa Rica is termite heaven. There are just literally tens, uh, hundreds 
of species.” 
 
Phil Hugenholtz is a microbiologist at the Department of Energy’s Joint Genome 
Institute in Walnut Creek.  
 
Hugenholtz : “We went to Costa Rica. We found a nest of termites and we then 
dissected the termites. This is a pretty gruesome process where you get a pair of 
tweezers and grab the termite by the neck…”  
 
We’ll save you from the details of the autopsy. Basically, Hugenholtz and his collegues 
removed the digestive tracks of about 200 of the wood chewing pests. What they 
found is that termites make great bioconverters.  
 
Hugenholtz: “They can take wood and chew it down into small particles which then 
ends up in their stomachs and in the stomachs the micro-organisms can take these 
small particles of wood which are just chains of sugars and break them down to 
sugars. 
 
Hugenholtz believes that natural process could hold the key to an endless source of 
alternative fuel. Researchers expect it will take about five years to develop a biofuel 
that costs as much as a gallon of gasoline. But there are questions about whether 
biofuels are the best solution. Two new studies out this month suggest that the 
process of clearing land for biofuel farming may generate more greenhouse gases 
than was previously thought. And we may not have enough arable land to grow crops 
that will feed the world’s increasing appetite for fuel.  
 
For Quest, I’m Andrea Kissack, KQED radio news.  
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