"Thomas E. Amidon" teamidon@esf.edu
Daniel - Answers are given below, inserted in your text.    This is written quickly so please excuse any typos.  Note that this is about ethanol from wood sugars and not specifically about E85 or any other blend.  It is about where does the ethanol come from.  Please also note that I believe the energy production from a portion of the hemicellulose component of woody plant sources will be an order of magnitude better than ethanol from grain corn which has an energy yield ratio of 1.3 (barrel produced /barrels consumed to produce).

Good luck with your work.  It is important work.

Tom

Dr. Thomas E. Amidon

Professor and Chair of Paper Science and Engineering and Director of ESPRI

SUNY ESF

One Forestry Drive

Syracuse, NY 13210 

-----Original Message-----

From: Daniel Cassidy [mailto:dcassidy@smokey.forestry.uga.edu] 

Sent: Wednesday, March 16, 2005 9:33 AM

To: Thomas E. Amidon

Subject: Biomass/Bioenergy Question regarding E-85

Dr. Amidon-

I am currently a post-doctoral associate at the University of Georgia assigned to the Southern Forest Research Partnerships' Biomass/Bioenergy Training and Research Initiative program. Our projects goal is to create an awareness around the issue of woody biomass and bioenergy within the general public. One of the specific areas I am currently writing an 'outreach' publication on is E-85 as an alternative to fossil fuels. In researching ethanol production, I came across the article "Ethanol Research Breakthrough: Wood Feedstock" on the Renewable Energy Access webpage.

[Thomas E. Amidon] Somewhat jokingly - I suggest you start with my favorite start.  "A sustainable society is based on renewable resources.  Any questions?"  I usually don't get any questions but I want to establish a strategic reason for the conversation and that seems to work well. 

In the article, you stated the process of ethanol production from wood was a natural fit for northern hardwood trees because of the simple sugars. Can your process be applied to southern yellow pines and Southern Appalachian hardwoods as well? 

[Thomas E. Amidon] We have very little, but not quite no, experience with loblolly.  A few extra tricks are involved and the result is not yet as good as for hardwoods.  With additional work perhaps it could be quite effective, but that is not certain.  Southern hardwoods should be nearly as good as northern hardwoods as far as the process goes, though the net sugar yield will likely be a bit lower.  The predominant sugar recovered is xylose from the xylan content of hardwoods and the mix of species in the SE is somewhat lower in xylan content overall (as best I can discern from the data in hand).  In summary, based on wood chemistry knowledge Southern Appalachian hardwoods should  respond well, but they have not been tested to confirm.  So. Pines are less certain and much more research is needed to develop a system that will work.  I am optimistic that a system can be developed but the wood chemistry constraints are likely, in my opinion, to leave hardwood with a significant advantage over S. Pines in any system (and all softwoods actually).   

    I have been asked to work on Loblolly or other softwoods by quite a few people and my answer is that New York State has very modest softwood resources and somebody will have to send money if I am to do that work.  No checks have arrived.  I have also said that we need seven different centers working on this idea in the US to encompass the species diversity that characterizes US forests.  You, Auburn, MS State, and NC State need to make a move to work together or to have someone jump in front of this and get things going in the SE.  Note that you will irritate Ga. Tec. (you may like this part) if you do so, because they had Dr. Jere Koskinen there at IPST and he was working with me on this when they stopped supporting it.  Jere is in Europe now but might be available if you wanted to jump start an effort.  He is the one who did the work on loblolly in the past at IPST (part of Ga. Tec. now).  IPST wants to get back into this (as far as I can tell) but I don't think that Jere wants to return there.

    The simple sugars comment is that in hardwoods (including Southern) the hemicelluloses are dominated by xylan (actually O-Acetyl 4-O Methyl GlucuronoXylan - just showing off here) and therefore the extracted sugars are dominated by xylose.  Xylose is a five carbon sugar compared to glucose a six carbon sugar and the most common sugar.  Both can be fermented but, of course, glucose is the dominant sugar today in our food production system and in the fermentation industry based on wheat, corn, potatoes, grapes, etc.  There is work to do to scale up the successful lab systems that ferment xylose to ethanol (or my favorite - polyhydroxyalkanoates) but several successful systems have been documented at several different labs (FPL, NREL, etc.).  Softwoods have a more complex sugar complement in their hemicelluloses so the sugar solution will be more complex (though with more hexose sugars - mannose and glucose particularly) and therefore a bit trickier to ferment efficiently (some debate on this one - but my opinion is shown here).  

    I haven't talked about acetic acid yet but it matters quite a bit and you get approximately four times as much from hardwoods than you get from softwoods (this is mostly because of the acetyl  groups on the hardwood xylan- 7 acetyl groups for each 10 xylose units on average).  Acetic acid is relatively pricey for a commodity chemical and is mostly made from natural gas for industrial uses.  There are a lot of costs there but you need it for PVAc and other uses.  There is a long story here but the net is that acetic acid matters and hardwoods produce more in this process, which affects the economics significantly.

Is favoring the northern hardwoods a simple matter of economics; where the energy production in southern forests is not economically efficient yet?
[Thomas E. Amidon]   Northern Hardwoods have particularly propitious wood chemistry for what we are doing.  N. Hardwood are also concentrated in heavily hardwood forests with few of them dispersed in softwood dominated stands (which is common in the SE for hardwoods).  This is also helpful economically.  N. Hardwoods are most commonly managed in a natural stand management system that lends itself to a need to obtain extra value from small wood and TSI wood that is currently uneconomic to recover.  This process will add significant value to the extra biomass that can be recovered.  We also have a great deal of experience here with growing Biomass Willow and have done the work to verify that the process works well with Biomass Willow chips.  They are a N. Hardwood and the bark content is not a problem for this process.  The residual chips willow are still good fuel, which was their original intended use.   The net effect is to make Willow Biomass a more economically competitive energy crop.

    I think the efficiency of energy production in southern forests should be fine.  The energy effect that is germane here is the concentration of electricity generation in the SE in large coal fired plants with a resulting lower cost electricity than is common in the NE.  Our higher overall electricity costs encourage us to get into this type of operation faster.

Thank you for any response you might be able to provide. As pulp prices continue to stay low, our southern non-industrial private landowners are looking for alternative markets. 
[Thomas E. Amidon] Southern Non-industrial owners, in general, have more hardwood and somewhat fewer pine plantations per unit area than the industrial owners and this idea would be incrementally important to them, as I see it.  This idea adds a significant increment to the returns for a pulp mill (evaluated by industry people) and we believe significantly increases the sustainability of the industry.  That is good for all of us.   
It would be wonderful if such a market could come on line to meet our energy needs while also continuing sound forest management across the south.

[Thomas E. Amidon] There is a lot of win-win in this.  We are pushing ahead with a Biorefinery in NY for the first application but I hope that others are not far behind.  Why not UGA?  I had some contact with venture capital people wanting to do something with the former Brunswick mill.  I told them that the data was not yet available for a S. Pine dominated mill.  Somebody needs to change that.

    Please note that this is ethanol from the hemicellulose component (mostly 30-40+% of the OD mass, depending on species).  The process removes in the range of 30-60% of the hemi's depending on many things.  The cellulose is still predominately used for pulp and paper in pulp mill applications and is still burned in energy from wood applications.  We will bight off the cellulose to sugar part after we get this one up and running commercially.  It's a low hanging fruit thing that we can get on with now.  Cellulose to ethanol is a research bear that is still not tamed.

