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Current ethanol production is primarily from the starch in kernels of field corn.
NREL researchers are developing computer models to help researchers better
understand ways to also produce ethanol from the fibrous cellulosic material in
corn stalks or other agricultural residues. Credit: Warren Gretz

(PhysOrg.com) -- Researchers at the National Renewable Energy
Laboratory (NREL) and ethanol producers are racing to come up with
ways to make ethanol from cellulosic biomass that are cheaper and
easier to produce than current methods. But they are hitting a wall. Cell
walls in plants are making the production of cellulosic ethanol a
challenge. So researchers are creating their own computer program to
help model and break down the tiny fibers of cellulose -- or fibrils --
found in plant cells.

Although ethanol is becoming more available to consumers, NREL is
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working closely with the U.S. Department of Energy (DOE) to meet a
quickly approaching goal to produce competitively priced ethanol for
$1.50 per gallon by 2012. Why the rush? DOE believes this is the price
at which ethanol will be able to go head-to-head with gasoline while the
U.S. strives to reduce our dependence on oil. In addition, the Energy
Independence and Security Act of 2007 (PDF 821 KB) requires that the
U.S. use 15 billion gallons of renewable fuels by 2012. All of this means
the U.S. needs to find ways to make more ethanol and fast. To help
accomplish this goal, NREL researchers are looking at how to make
cellulosic ethanol a cheaper, quicker reality.

"To reduce the cost of cellulosic ethanol we must understand how to
break down the plant cells into the sugars needed to make ethanol,"
NREL Researcher Antti-Pekka Hynninen said. "The cellulose fibrils of
these plants are very long so we use computer modeling to see how we
can break them apart."

Plants are Naturally Tough

Currently, there are no ethanol plants in the U.S. that distill ethanol using
the non-edible parts of plants such as corn stalks, grasses or wood chips.
All commercially available ethanol is made the "easy" way using starchy
products such as corn kernels because starches are much easier to break
down and convert into the sugars needed to make ethanol. Cellulosic
biomass contains sugars that are much harder to get because the plants
combine the sugars into cellulose fibers and use these tougher fibers as
structure to hold up the plant and protect the cells from outside attack—
and in the case of woody biomass, it's the very cell structure that leads to
the slow deterioration of wood.

"Cellulose is grouped in bundles and gives the plant cell walls their
strength," Principle Scientist Mark Nimlos said. "We need to learn more
about how they are grouped and attached to the plant cell walls so we can
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take it apart to make more ethanol that's cheaper and requires less
energy to produce."

NREL researchers typically study cellulose fibrils that are 500 to 1,000
glucose units long and figure out with easiest way to bust them apart.
However, these fibrils are too large to study using current computer
models.

"Right now the technique is to consider each atom in each fiber, which is
not practical using existing computers," Nimlos said. "We need to group
atoms into beads, or larger grains."

New Approach for Computer Modeling

NREL hired Hynninen earlier this year. He has a Ph.D. in physics from
Utrecht University in the Netherlands. Hynninen hopes to overcome the
problem presented by such large molecules by building a simpler "coarse-
grained" computer model of cellulose fibrils. In the new approach,
multiple atoms (typically 3 to 7) are grouped into a single spherical bead.
The coarse-grained model is then built up from these beads. The new
model is expected to allow computer simulations that are 10 to 100 times
faster.

"The big question that we will need to answer is how to define the forces
between the beads," Hynninen said. "Those forces must be equal to the
forces acting in the atomistic model. At the moment, our work is
centered on building the software tools that map those atomistic forces
onto the coarse-grained model."

"The key here is how to get rid of the details and keep the overall
picture," Senior Scientist Mike Crowley said. "We can't model every
detail of every atom. Think of modeling the collision of two cars. When
studying the force of the collision, you don't examine the pistons in the
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engine, you look at just the vehicle even though it's made of many parts.
We need to look at larger segments to model the cell overall. Sounds
simple, but it's very tricky."

The idea of something being "tricky" is motivation for Hynninen and
makes him a valued member of the NREL team. "Antti-Pekka's
programming expertise means he sits down and writes a program needed
without being restricted by existing software," Crowley said. "He's a
maestro who can make a computer do what he needs it to do."

Hynninen's view of his work is more mathematical. "My goal is simply
solving a problem that has some impact on our lives and makes a
difference," he said. "This is a nice example of applied science working
on real problems and goals we need to meet."

Next steps for the program officially titled "Meso-Scale Computational
Modeling of Polysaccharides in Plant Cell Walls" are to validate the
model and publish the work done at NREL so this type of modeling can
be used in other areas.

"I believe this same method could be used for other systems and they
don't have to be cellulosic or proteins — there's a potential for many
uses." Hynninen said.

More information: Learn more about cellulosic ethanol (PDF 1.7 MB).

Provided by National Renewable Energy Laboratory

Citation: NREL Breaks Down Walls for Biofuels (2009, November 30) retrieved 10 April 2024
from https://phys.org/news/2009-11-nrel-walls-biofuels.html

4/5

https://phys.org/tags/plant+cell/
https://phys.org/tags/ethanol/
http://www.nrel.gov/biomass/pdfs/40742.pdf
https://phys.org/tags/renewable+energy/
https://phys.org/news/2009-11-nrel-walls-biofuels.html


 

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

5/5

http://www.tcpdf.org

