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Executive Summary 
 



 
 

The Jennings Demonstration project represents a pioneering effort in the development of 
commercial bioconversion technologies of lignocellulosic (“LC”) materials into fuel ethanol.  
The project advanced the knowledge base in the areas of process, mechanical, and operational 
performance and reliability; technology scale-up risk from bench to minimum scale integrated 
process; Quality Assurance/Quality Control (“QA/QC”), standard analytical methods, and 
process control systems designs; key economic performance criteria; permitting data; and finally 
basic information necessary to begin optimization of process recycle loops. The project 
employed up to 80 personnel during the operational phase, and as a result, was informative on 
the issue of job creation for future commercial facilities.  
 
It is expected that the results of this demonstration will provide a solid basis for 
commercialization that will lead to lignocellulosic fuel ethanol that can be produced for a cost in 
the $2.25 - $2.35 per gallon range initially, and eventually to an optimized process that will 
result in a target cost in the range of $1.25 per gallon.  Finally, the demonstration will enable a 
commercially and geographically deployable LC ethanol technology platform that will 
significantly contribute to the 36 billion gallon per year biofuels mandate by the year 2020; will 
provide significant job creation in the farm and non-farm sectors; will decrease dependence upon 
imported oil; and will have significant positive impact to greenhouse gas emissions. 
 
 
Planned Goals versus Actual Accomplishments 
 

Planned Goals 
The demonstration project was divided into two phases.  Phase A was intended to demonstrate 
that certain Key Performance Indicators (“KPI’s”), (i.e., performance criteria used for economic 
modeling) could be attained at 1.4 Million Gallons Per Year (“MGPY”) scale utilizing 
feedstocks from sugar cane bagasse, and purpose grown “energy” crops such as high biomass 
sugar cane (perennial crop) and high biomass sorghum (annual crop).  Phase A began in 
February of 2009 and was originally scheduled to be complete by September 30, 2009.  
Categories of KPI’s are shown below.  Actual metrics are intentionally not shown but were 
developed as performance measures that drove experimental design and provided appropriate 
measures of actual advancements necessary to design a commercial facility.  During this phase, 
parametric studies at bench scale were also performed using materials generated at the 
demonstration facility in order to generate relative scaling data needed for commercial scale 
modeling and design. 
 
Task KPI Completion Date 
Feedstock Moisture 9/30/09 
Feedstock Carbohydrate 9/30/09 
Washed Feedstock 9/30/09 
Hydrolyzer Feed Moisture 9/30/09 
Hemicellulose Conversion 9/30/09 
C5 Monomer Sugar Yield 9/30/09 
C5 Beer Ethanol 9/30/09 
C6 Beer Ethanol 9/30/09 
Enzyme Concentration 9/30/09 
Fuel Grade Ethanol 9/30/09 



 
 

 
Phase B was intended to demonstrate the inherent process reliability.  In other words, this phase 
was intended to demonstrate how repeatable and reliable at scale the process technology might 
be; also developed was information necessary for the design of a commercial facility.  Phase B 
intended to use the same KPI’s, but the objective was to perform extended performance runs, 
similar to that seen in commercial scale facilities, with the goal of understanding how often over 
the course of the performance run was the process successful in attaining each KPI.  Phase B was 
expected to take place in the three month period from October 2009 through December 2009. 
 

Actual Results 
The results of Phase A were largely attained, but not completed.  Further, there were both 
schedule and cost over-runs incurred during the Phase A demonstration period.  Results for 
Phase A through May 2010 are summarized in the chart below.  Color codes indicate the success 
or failure of attaining the KPI.   
 

• Red indicates Under-performance 
• Gold indicates Sub-Optimal performance 
• Green indicates Optimal-performance   
• No color code indicates data was not recorded 
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Data Analysis 
Feedstock Moisture 
During the course of the project, the metric “Incoming feedstock moisture” was tracked for two 
reasons: downstream process control and overall process water mass balance.  In the initial 
stages of the project, the incoming feedstock had moisture contents in excess of 10% over target 
specifications.  Downstream unit operations were effected, and process modifications were made 
to adjust for variations in moisture content until a capital project could be put in place to dewater 
the feedstock feeding the hydrolyzer to meet specification.  Later in the project (May-10, Jun-



 
 

10), there was a switch to a high biomass sorghum feedstock, that was ensiled for storage 
purposes.  The ensiled feedstock had a moisture content that fell within specifications. 
 
Feedstock Total Carbohydrate 
This metric was specifically tracked to understand the starting mass balance of materials that 
could be potentially converted into fuel ethanol.  In December 2009, there was a change in the 
feedstock from sugar cane bagasse, to fresh energy cane and fresh high biomass sorghum.  The 
total available dry mass basis carbohydrates in these materials fell slightly below the design 
specification of sugar cane bagasse.  Total carbohydrates were measured in terms of cellulose, 
hemicellulose, and sucrose.  Over the course of the project, we determined that while the total 
carbohydrate content remained relatively constant, individual components varied quite a bit over 
the course of a growing season. 
 
Feedstock Washing 
This metric was specifically tracked to determine how effective the washing step in the process 
was for removal of materials other than plant matter.  Mud, rocks, harvester parts, rodents, 
snakes, etc., come in with the harvested material and can cause serious problems and failures in 
downstream unit operations.  We did not measure this KPI routinely until after several 
disruptions to operations occurred.  The disruptions were caused by damage to rotating 
equipment. The demonstration team thereafter developed analytical methods, handling 
techniques, and implemented debris removal steps that successfully mitigated the issue.  
 
Feedstock Moisture to Hydrolyzer 
This metric was put in place in order to understand the mass balance around the hydrolyzer unit 
operation, and its effect on downstream operations.  The specification was difficult to measure in 
practice, and was not done routinely as a result.  When an effective and practical analytical 
measure was put into practice, we found that the dewatering unit operation was not of sufficient 
design to routinely dewater the feedstock to the correct moisture level.  A decision was made to 
improve the design and make the necessary changes to the unit operation, but the modification as 
of the date of this report has yet to be implemented. 
 
Hemicellulose/C5 monomer sugar yield 
As seen from the chart, we were able to demonstrate routinely the ability to extract hemicellulose 
and convert it to C5 monomer sugar at target design specifications over the course of the project.  
Variations from design parameters were due to disruptions to process control and/or mechanical 
systems, but root causes were well understood in all cases. 
 
C5 L/S Sugar Recovery Yield 
Once the C5 monomer sugars were produced, process design required recovery of the liquid 
sugar from the remaining biomass solids.  Again, we were able to demonstrate the ability on a 
consistent basis to perform this process step.  Also similar to the conversion step, variations from 
design parameters were due to disruptions to process control, and/or mechanical systems. 
 
 
 
 



 
 

Enzyme Broth 
The KPI to routinely produce enzyme broth at sufficiently concentrated titer for an economic 
cost basis is central to cellulose to ethanol fermentation performance, as well as process 
economics.  After some initial fine tuning of the process in the early part of the project, the team 
was able to demonstrate the ability to routinely exceed the design specification for the process.  
The demonstration plant did not run in February 2010, which is why there are no performance 
color indicators in shown in the dashboard for this operational component. 
 
 
C6 Beer Ethanol 
This was one of two areas (C5 Beer Ethanol being the other) that fell short of demonstration KPI 
target specifications.  Root causes for underperformance were related primarily to two areas: C6 
ethanologen robustness, and the reliability of the Clean-in-Place/Steam-in-Place (“CIP/SIP”) 
mechanical systems and Standard Operating Procedures (“SOP’s”).  The C6 ethanologen that 
was used initially failed to scale up for industrial demonstration.  In the month of July (not 
shown on the dashboard), a new organism was used to replace the former one.  Further, 
modifications to SOP’s and CIP/SIP systems have been made, and the results were a dramatic 
improvement over previous attempts.  As of the time of this report, an additional fermentation 
was made with the new organism, and the results were even better than the first, with high 
conversion of available cellulose into ethanol approaching commercial design target 
specifications. 
 
 
C5 Beer Ethanol 
The C5 area was the other area that fell short of demonstration KPI target specifications.  Root 
causes for underperformance were similar to the root causes noted for C6, however, additional 
root causes include: mechanical and process control reliability in hydrolysate detoxification; and 
the inability of the physical plant to effectively dewater feedstock, thereby making C5 sugar 
concentrations too dilute to achieve final ethanol titer specifications.  It should be noted that as of 
the time of this report, in all instances where a C5 fermentation was carried through to 
completion, that the organism converted all available sugars at rates of conversion into ethanol 
that exceeded design specifications, and that the inability to achieve the KPI was due more to 
water dilution, rather than an inability of the organism to ferment sugar into ethanol successfully. 
 
Fuel Grade Ethanol 
At the time when the KPI’s for the contract were set up, it was the intent of the demonstration to 
produce fuel grade ethanol for commercial sale from the facilities operations.  In order to do so, 
the facility needed to change its licensing status from a research and development facility to a 
commercial facility and a Notice of Commencement (NOC) with EPA would need to be filed.  
As of the time of this report the facility has still not changed its licensing status and has not filed 
an NOC with EPA. Therefore commercial grade fuel ethanol has not been produced for sale.  
That said, the distillation unit operation has operated routinely after every production run, and we 
have encountered no issues with operations of the unit, and therefore do not anticipate any issues 
with scale up of this particular unit operation. 
 



 
 

Project schedule, budget: planned versus actual 
 

Project Schedule & Budget 
The original planned schedule had a start date of February 2009, and a completion date of 
December 2009.  Numerous setbacks due to mechanical reliability of the physical plant, an 
improperly designed wastewater treatment facility, and capital improvement programs running 
behind schedule, caused many delays in the schedule to complete the project.  It should be noted 
however, that despite the delays, that the objectives for Phase A were largely attained.   
 
With respect to budget, it should be noted that as of the time of the writing of this final technical 
report, no funds remained to complete the remainder of the Phase A objectives, or start Phase B 
of the project. 
 
 
 
Major Lessons Learned 
 
Feedstocks 
One of the single most important lessons learned from the project was the data gathered from 
compositional data of the feedstocks.  The key message regarding feedstock composition is that 
it will vary.  It will vary over the course of the growing season; it will vary due to harvest 
method; it will vary due to on-site staging/storage methods; and finally, it will change due to 
handling methods immediately prior to the conversion process. 
 
Mechanical, Operational and Process Reliability 
The second most important lesson learned during the course of the project is that process up-time 
is highly dependent upon maintaining mechanical systems integrity through proper and routine 
maintenance; that material specifications used in equipment design need should be well-
considered; that the training and SOP’s used in the operations of the facility need to be safe 
robust, and intended to mitigate operational downtime; and finally, hygienic designs and 
processing methods have a profound effect on relative success rates of biological processing 
facilities, and sanitary design and operating protocols from mature industries such as food, 
beverage, and/or bio-pharmaceutical industries should be adopted, rather than specifications used 
in grain-to-ethanol facilities such as the corn dry-mill process. 
 
Industrial Strain Development 
The last most important lesson learned during this project is that sometimes research organisms 
are not capable of scaling up for industrial use.  Research organisms are typically used in highly 
controlled environments, and it is not practical to maintain a highly controlled environment at 
commercial scale.  Industrial organisms need to be robust enough to survive and thrive in 
environments that may be subject to a high degree of variation. 


