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Owner
Note
Introduction of IEM (Institute for Environmental Management, Inc.) a not-for-profit working on bioreactor landfill technology,  and also, next slide SFA Pacific (next slide) , an engineering company working in energy technologies. This presenatation is based in part on a recent report by SFA Pacific. 


The SFA Quarterly Report

An Ongoing International Service of SFA Pacific, Inc.

SFA Pacific’s Fuels and Power Program

FEATURE ARTICLE

Fuel Ethanol—Part 2: Is Lignocellulosics-to-Ethanol Real?



AlStact

Our analysis identified many issues with proposed lignocellulosic
biomass to ethanol processes:

* high costs of biomass for commercial-scale plants
(>200 million liters/year output for economics of scale),
 pretreatment processes must be optimized for each case
* high energy consumption of the overall process.
 |ow rates and yields of sugars from enzymatic hydrolysis,
* resulting low sugar and ethanol concentrations
 |ow yields and ethanol tolerances of genetically modified
bacteria or yeast for hexose —pentose fermentations

Most problematic: any such fermentations are susceptible to
contamination, requiring prohibitively expensive containment



AStracti(Contd)

Even if ignoring these problems, our analysis estimated the cost
of ethanol from corn stover at well over twice ethanol from corn.

Forest residues and wastes, biomass crops, and municipal
wastes are even less promising.

After five decades of intensive R&D, only one pilot plant (logen,
Canada), using wheat straw, is producing one million liters of
ethanol per year, a quarter of initially announced capacity.

Conclusion: none of the existing processes are ready for
commercial applications in any foreseeable time frame.&
Continuing fundamental and applied R&D is required.

Some near-term opportunities applications of such technologies
to specific, modest-scale, agricultural wastes


Owner
Note
Comment: promised "incredible breakthroughs" in this technology (President Bush, Jan 31) are, indeed, incredible.  


RIUM1 1IME FUK CGUMMERUIALIZALIUN

THANOL, a cleam burning fuel, is
being convertied from waste
biomass today. The technology is
here; demand far ethanol is in-
creasing dramaitically; and the
profit model for biomass conver-
sion has vastly inmproved. The eco-
nomic and environmental benefits are in
place for ethanol productieon.

Many scientists, engineers and others feel
that municipal solid waste (MSW) is an in-
triguing feedstock for ethanol production.
Although we should recogmize right away
that MSW conversion is still in the pilot
plant phase, the technology is ripe for com-
mercialization. In fact, Masada Resources
Group plans to break ground on the first
MSW-to-ethanol facility in upstate New
York in 2002.

=

USING MSW AND INDUSTRIAL
RESIDUES AS ETHANOL FEEDSTOCKS

Larﬂe-scale TVA facility in Muscle Shoals,

Alabama processes biomass feedstocks such

as sorted municipal solid waste and

agricultural residues into fermentable sugars,
which are converted into ethanol. \


Owner
Note
This article appeared in BioCycle Magazine about six years or so ago announcing the imminent commercialization of ethanol produced from MSW  This was based on the so-called TVA process. 
  


VAL ACIDEEYIDROLYSISE EROGRAN]

TVA project started in 1982 with the design/construction
of a 4 TPD concentrated acid and 2 TPD dilute acid
hydrolysis pilot plants, with solid iridium reactors.

By 1990 the two stage dilute acid hydrolysis of MSW
became main focus, but concentrated acid also pursued

By 1996 (after $70 million) these processes were ready
for commercial applications based on the work at TVA,
according to the Project Manager and staff.



John

Ting Carlson, Cargill Co., Minneapolis, MN
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R. Benemann, Chair, Consultant, Walnut Creek, CA
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Mark

Holtzapple, Texas A&M Univ., College Station, TX
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Owner
Note
I was asked by TVA management to put together a review panel and evaluate this process. Here is the committee, a pretty high power group of experts


RECORIFOEIEESREVIEVVAEANEE

Or Trle TVA ACID flYDROLYSIS PROGRAM

“The consensus of the panel was that the data collected
by the TVA team at the laboratory and pilot-scale did not
validate the process for MSW conversion to alcohal....”

“The panel found that the yields and concentrations of
fermentable sugars achieved were too low for
economical ethanol production, and that many other
aspects of this process still present major technical
problems, not likely to be solved in the near-term. *

S


Owner
Note
"70 million dollars of R&D and not a single publishable data point" was the conclusion of the review. But this did not faze them, they continued to claim it was ready for commercialization   The person who hired me to do the review did not last long at TVA.  Business as usual. 
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Owner
Note
The problem with concentrated acid processes is the recycling of the acid.  High acid recovery is very expensive, if not impossible! The problem with dilute is that the cellulose hydrolysis and glucose decomposition have similar kinetics, so can't win.  That is why enzymatic processe look so attractive 
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Owner
Note
Dilute acid pretreatment -enzyme hydrolysis processes have been around for a long time, Here a 1981 version There are many issues.


Eromiapanticipantin thisipregram (Augs; 2006)

US DOE had a large, national program supporting research at
UC Berkeley (25 PhDs, 3-5 staff members, 10 years)
MIT, [Penn State, single organism, makes cellulase & ferments]
Dartmouth (acid pretreatment),

Rutgers (the T. reesel strain development),

otech (now logen - steam explosion) and others.

“.... We developed a fairly complete process based on cellulase
conversion of pretreated wood, corn stover, rice straw, newsprint, ...
yeast ethanol fermentation, ethanol recovery, xylose fermentation”.

“Curiously, much of this is being rediscovered, especially by DOE
who seem unaware of its own previous efforts.”



Madison (Scholler, Proteus, etc.) Dilute Acid Hydrolysis
Issues: Toxic side products, low yields, corrosion

Natick First enzyme process using Trichoderma viride
Issues: pretreatment, enzymes, sterile fermentations

Gulf Oil/U. Arkansas Combines enzyme saccharification
with fermentation. Issues: Same as Natick

MIT/Penn/GE Enzymes produced and sugars fermented by
single microbe. Issues: Pretreatment, needs sterility



Owner
Note
  there have been many projects in the past... but none succeeded.  Failures are never reported...  Which is a pity as we could learn much from them... Those who do not learn from history are bound to repeat it...


CostsofiSterlleVs, Open Processes(198195)
source: Dort Augznsizin & Jonrn s2nermearir), 1991 unouolisnad
Based on 200 million liters/year Cellulose-to-Ethanol Plant

Non-sterile (open) process (assumes proposed process)
Capital Costs $130 million; fermenters are 15%
Operating Costs $0.4/liter, capital related 60%

Sterilizable fermentation system (based on low-cost batch)
Capital Costs $305 million; fermenters are 65%
Operating Costs $0.7/liter capital related 80%

- (This assumed only difference was fermenter capital cost)


Owner
Note
This example is just to demonstrate that if sterilizeable fermenters were to cost ten times more than open ones, cost would almost double, assuming no other differences.  Capital costs would almost certainly be even higher than this, and operating cost also, thus this is actually a very optimistic scenario.... 


CurentRretreatmeniPiocess Opiiens

Mechanical - milling, grinding, other size reduction (very small!)

Thermal - hot chemical solutions or high pressure steam.

Rapid decompression - steam and ammonia explosion

Chemicals - strong acids or alkalis (e.g. paper making)
 Organosolv - using organic solvents (ethanol, acetone, etc.).
« Combined processes - two or more of the above: typical process

PRETREATMENT DETERMINES WHAT FOLLOWS (and prior)
=



Owner
Note
Pretreatment is a necessary first step, and there are many options, which means there is no best option, it depends on the biomass and other factors.  By itself this is not the limiting factor.    
 


Cellulases

Novozymes and Genencor reported 30-fold cost reductions
gratifying but was already anticipated

Enzymes have not changed; cost reduction Is not a breakthrough

Enzyme kinetics still hampered by attachment sites, surface
limitations, outside-in reaction

Enzyme attachment and loss /reuse issue not been resolved
Enzyme feedback inhibition by released glucose Is still issue
Specificities of the different enzymes and their spectrum issue

However, overall, cellulase enzymes not main limiting factor



Cellulose, Hemicellulose; and Lignin
Corlteris of Blornass, Wwi%

Hardwoods Softwoods Corn Stover Wheat Straw
Cellulose 43-47 40-44 28-40 25-35
Hemicellulose 18-35 14-29 20-35 24-30
Lignin 16-24 25-31 11-21 8-14
Extractives 2-8 1-5 N.A. 10-20

S


Owner
Note
This slide tells you that Softwoods are highest in lignin and thus also the most difficult to pretreat and hydrolyze with enzymes.  Also there is almost as great a variability within than between the biomass sources, so that one cannot optimize the process for a single feedstock, as it will likely change //// In all cases the amount of hemicellulose is large, in particular for the corn or wheat stover, so that ethanol fermentations from pentoses is critical to the success of the overall process.  But no yeast or bacteria will ferment both hexoses and pentoses simultaneously, thus need to genetically engineer the organisms. However, there are many sophisticated regulatory mechanisms involved.   As shown in the next slide there are a number of different such organisms, but none seem ready for actual industrial applications.    


Genetically:Engineered Microhes for Hexose-

e(110S= rel =IOl

Saccharomyces Cerevisiae Yeast — the “Purdue Yeast.” N
Advantages: high EtOH tolerance, fast growth, selective conditions
| (low pH), and byproduct credit (animal feed).
Disadvantage: limited yield of ethanol from pentoses.

Pichia Stipitis Yeast - USDA/Madison. |
Advantages: similar to S. cerevisiae, better yield from Fentoses. |
Disadvantages: requires O2 for growth, animal feed value uncertain

Escherichia Coli Bacteria — University of Florida.
Advantages: fast growth and good yields. |
Disadvantages: lower EtOH tolerance than yeast, regulatory issues

Zymomonas Mobilis Bacteria- NREL.
Advantages: ethanol tolerance similar to that of yeast.
Disadvantages: yields on pentoses limited.

Thermotolerant Bacillus Strains -- Imperial College.
Advantages: fast fermentations at high temperatures, can’t “escape”
Disadvantages: higher temperatures, unstable fermentations



GenenallssueswitnGeneticallyEnginesred

Vlicrooes for rlexose-Periose Fermerneions

Yield from glucose lower and major problems/issues with
pentose fermentations. Problems with regulation of
metabolic pathways

Genetically modified microbes less ‘robust”. slower
growth, less resistant to ethanol,

More susceptible to contamination by invading organisms.
This could be “show-stopper”.




EROCESSISCALE-URISSUES ANDICHALLENGES

» Pre-treatment to separate cellulose and hemicellulose from the lignin.

« Enzymatic hydrolysis slow, incomplete, enzyme recovery poor, inhibited...
 Fermentation processes studied in controlled laboratory reactors
 Fermentations of hexose-pentose mixtures still a major problem.

o Difficult to scale-up such multi-phase processes (e.g. solid-liquid mixing)
 With acid processes iron from steel containers catalyzes glucose breakdown
* Relatively consistent feedstock quality (type, moisture, size, etc.) essential.
 Mixed urban wood waste Is unsuitable — because of its softwood content

* Plant energy balance. Lignin by-product may not provide the energy needed
« Wastewater and solid wastes present significant issues

« Major issue: cost of the raw material (>1000 BDT/day for single facility).



Wood Prices;and 01l Prices;1999-2004

. Wood and O Prices, 1995 - 3004

—=—Wood (Marth) ---=--Cil

- 1]

1 _._.-l-'!i]
i I
| 1o )
E « N |_-l' |I =
T .- - Lo =
i A R Ii: i S g
2 . | =
g Wt g ' -t I| = ] 'ﬁ'

. .'-.. - ._.r-'-..__"'-..- iy Sl ."_._q\v.,. i |

u = [

@ b g o B B B B S o . S

.ﬁﬁi}ﬂﬂ.ﬁﬂﬂﬂﬂﬂ&ﬂ'}&'}.ﬂlﬁéﬁ


Owner
Note
As oil prices rise and biomass becomes more competitive with oil, expect that  biomass prices will also increase. Biomass is only cheap when nobody is buying, when there is no market for it.  Ask the independent power generators about that...  , .


lheereticalland AchievahlePracticalyields

Maximum Yield Corn  Corn Wheat  Switch  Poplar
gallons/Dry Ton Stover  Straw Grass  (Hardwood)
1. Theoretical 128 108 113 109 116

2. Possible 113 95 100 96 102

3. Achievable 107 57 60 53 56

Theoretical 1s conversion of all sugars stoichiometrically,

Possible 1s after accounting for yeast growth,

Achievable 1s based on current/near-term technology available, +/- 5%

Based on dry mulling for corn and dilute acid pre-treatment and enzyme hydrolysis



Ethanol friemEnzymatic Convernsion ofiCorn Stover:
S0 Wl atrzing LA ozt eagital eosiis asijziiad @220 < cofr-o L

Parameter Units: Value
Yield gal/BDT 75
Yield %Theoretical % 80
Capacity Factor % 90
Feedstock Required BDT/d 2500
Feedstock Costs $/BDT 50
Capital Costs $/gal 5.7
Feedstock Costs $/gal 0.64
Enzyme Costs $/gal 0.30
Other costs $/gal 0.09
Denaturant $/gal 0.08
Water and Waste $/gal 0.05
Fixed O&M Costs $/gal 0.55
Capital Charge $/gal 0.82
Electricity Sales Credit $/gal -0.11
Total Production Costs: $/gal 2.51
Costs gasoline equivalent $/gal 4.44



EconomicsiofilionecellulesicsioEano]

Most cost estmations are based on lab-scale and, to
some extent, pilot-scale data for indhvidual process steps
and should be treated with cantion and not used to obtain
an absolute produchon cost. The cost eshmatons are
useful, though, for wdentficabhon of bhottlenecks and to
compare the relative costs of different process strategies



Conclusions

Current processes are not ready for commercialization
Major R&D Issues remain with most details of processes
Fermentations are a particular area of concern/problems
Long-term pilot plant work will be required for validation
Push for commercialization will come at expense of R&D

Even if successful, other uses for biomass will compete

with ethanol fuels (e.g. pellet fuels, gasification, etc.)
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Owner
Note
As heating oil prices rise to $3/gal, wood, pelletized biomass, even corn (which is even better than pellets), is becoming cheap enough to burn.  In competing for this resource thermal applications will beat vehicular fuels, even assuming lignocellulosic to ethanol works as well as its proponents claim.  Anyway, wood fuels, in particular pellets, displacing heating oil would increase supply of gasoline and diesel more than ethanol... So what will is better ??  


Indiana Prsensiestar burmning o (June6;2006)



Owner
Note
U
nsubsidized burning of corn now competes with subsidized ethanol! Of course, burning high grade food/feed for fuel is wrong  and these corn burners, the politicos and warden, are the criminals that should be in prison.  At least with corn ethanol you get some animal feeds.  But, still, if it is more economical to burn corn than to make ethanol, how can lignocellulosic ever compete?  




Owner
Note
Thus, even assuming that all the problems of lignocellulosic ethanol could somehow be overcome, ultimately the resource would be of higher value for thermal applications, such as residential or commercial heating, combined power and heat, etc.  Considering all the technical uncertainties, it would be best to keep lignocellulosic ethanol at the pilot plant, as shown in the next slide for Abenoga, for a few years rather than a premature and ill advsed rush to commercialization.  
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