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Sugar release from woody biomass through enzymatic hydrolysis is hindered by 
the lignin and the overall cell structure. Both limit the access of enzymes to the 
polysaccharides such as hemicelluloses and cellulose.  In addition, cellulose has 
crystalline areas that are difficult to degrade. Without pretreatment the sugar 
yield during enzymatic hydrolysis for woody biomass generally is below 30%. 
We explored three different forms of pretreatment, attempting to increase 
sugar yield: 1.) hydrothermal in the form of hot water, 2.) thermo chemical 
through the use of hot water and dilute acid, and 3.) alkali pretreatment 
through the use of caustic soda. 

Currently forest product mills across the country are producing large amounts 
of waste streams. In many of these plants these waste streams are simply being 
burned to produce electricity. Nevertheless, there are clearly other potential 
uses holding potentially higher value. The purpose of the research conducted 
was to explore two alternative methods for using two different biomass waste 
streams (Softwood and Hardwood). The two methods explored included a.) 
biofuels production through the conversion of sugars to ethanol and b.) the 
production of pyrolysis oil.  

For the three different pretreatment methods approximately 20 grams of 
biomass at 15% consistency were subjected to an oil bath at 140 °C for 30 
minutes. The samples contained a) water only (hydrothermal) b) 3% by mass 
NaOH (alkali) or c) 1% by mass H2SO4 (thermo chemical). All samples were 
dewatered after the reaction and analyzed for composition changes. 
Vials were prepared to contain the enzymes Novozyme equal to 64 NPGU/g 
cellulose and Celluclast equal 60 FPU/g cellulose. The amount of biomass equal 
to 0.1 grams of cellulose and 5mL sodium citrate buffer were added. To each 
vial, 40  tetracycline solution and 30  cycloheximide solution was added, 
followed by deionized water to bring each vial to a final volume of 10 mL. Vials 
were then placed in a rotating incubator at 40 °C and 68 RPM for 7 days. Once 
this process was complete samples were analyzed for glucose content using a 
Waters HPLC. 
 

The different pretreatment methods resulted in composition variations as 
different parts of the biomass are removed during pretreatment. As expected, 
yield after pretreatment was slightly higher for the less severe water only 
pretreatments and the yields for hardwood appear to be always slightly lower 
than yields for softwood with the same pretreatment.  
The pretreated samples were exposed to enzymatic hydrolysis and glucose 
release was determined.  The caustic pretreatment method gave significantly 
higher glucose yields than the other two pretreatment methods. The water and 
acid pretreatment methods gave very similar yields and this can be attributed 
to the procedure of the acid pretreatment as the results were not theoretically 
as high as they should have been. If the research were to be run again some 
things that should be explored to increase the glucose yield for acid 
pretreatment would be increasing the concentration of acid, increasing the 
reaction time, and increasing the temperature. In comparison between the two 
different classifications of biomass it was found that the hardwood was easier 
to work with and produced better results all around due to the increased 
amount of lignin in the softwood. We were able to ferment the released 
glucose to ethanol with the help of a yeast.  

Some exploration of using hardwood and softwood biomass for fast pyrolysis 
was explored. Pyrolysis to generate bio-oil has been studied extensively. During 
pyrolysis three main products are generated: bio-oil, a solid (charcoal) and 
synthesis gas (mainly CO, CO2, H2). Depending on heating up time, holding times 
and temperatures the distribution of these three products varies.  To generate 
largest amount of bio-oil rapid heating to temperature is required. 
 One issue with bio-oils is the fact that due to the high oxygen content in 
biomass the bio-oils contain large amounts of organic acids and other oxygen 
containing compounds, which makes them corrosive and non-stable. 

Conclusions 
Clearly caustic pre-treatment resulted in highest release of fermentable sugars 
during enzymatic hydrolysis. Hardwood appears to be more suitable for this 
approach than softwood. This was not surprising and can be explained with the 
lower lignin content observed in hardwood. It is well known that lignin hinders 
enzymatic hydrolysis. Nevertheless none of the pretreatment methods used in 
this project were severe enough, a glucose release of 13-42% would not be 
economic.  

The biomass samples were added to water to create a 13.5% 
biomass/86.5%water mix. The mix was heated in a parr reactor to 300 degrees 
C equipped with an induction heater. After reaching temperature holding times 
of 0, 5 and 10 minutes were explored.  After this the samples were immediately 
cooled and filtered. In an attempt to reduce formation of organic acids in bio-
oils some of the biomass was exposed to reductive treatment (using NaBH4). In 
an earlier study utilizing Kraft lignin we observed significant increase of bio-oil 
production together with reduction of solids residue and increased stability for 
samples that had been reduced.  
The pretreatment was performed by mixing 50 grams of dry biomass with 3% 
(for hardwood) and 4% (for softwood) by weight sodium borohydride and 283 
mL deionized water. Both mixtures were allowed to sit over night before being 
filtered. 

It was found that as the holding time increased more solids were produced and 
oil production went down, there clearly is not a benefit in extended holding 
times. It was also found that similar to the glucose production, hardwood was 
more productive, resulting in significantly higher levels of bio-oil for the 
hardwood samples as compared to softwood under the same conditions.   
We suspect that the difference between softwood and hardwood might be the 
presence of significant acetyl groups in hardwood which, as they are released 
decrease the pH of the system (generate acetic acid) and catalyze the reaction.  
It also could be observed that the reductive pretreatment did not increase bio-
oil production significantly for hardwood. There appears to be some benefit for 
softwood, nevertheless, these experiments will need to be repeated to confirm 
the findings (data are somewhat scattered). 
 
  
Path forward for the pyrolysis experiments should include a repeat of the 
original set of data and a study determining the actual bio-oil stability. There 
also is a potential to include a catalyst into the reaction (e.g. some acetic acid) 
to improve generation of bio-oil.  


