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1. Introduction 

Due to the limitations encountered by first generation biofuels, recent focus for 
bioethanol production has shifted to second generation biofuels [1].  Second generation biofuels 
are those that have been derived from lignocellulosic materials, such as agricultural wastes, 
municipal wastes, and dedicated energy crops.  Agricultural wastes have the added bonus in that 
they do not interfere with food crop production but, rather, are a byproduct of the food crop 
industry.  Biofuels obtained from lignocellulosic sources, however, require processing of large 
volumes of biomass to match the fuel and energy output of fossil fuels.  Since the agricultural 
crops that result in lignocellulosic residues are typically harvested only at certain times of the 
year, the large volumes of biomass would need to be stored (dry or wet) prior to processing in a 
biorefinery. Dry and wet biomass storage configurations for grasses are depicted in Figure 1. 
Storage of biomass on-field (i.e., at the site where harvested) can result in biodegradation of 
fibers, and thus loss of energy content, and possible spoilage [2] if stored without treatment of 
the fibers.  The method of on-field storage can lead to health and safety issues, due to the growth 
of microbial pathogens and possible fire hazards, and can also occupy land needed for farming of 
future crops.  Alternative options include intermediate storage sites and on-site storage at a 
biorefinery [3]. Intermediate storage is not an attractive option since it drives the cost of supply 
chain by adding transportation and structural costs.  Thus, on-site storage at a biorefinery seems 
the most logical choice. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Dry (left) and wet (right) biomass storage configurations for lignocellulosic 
               grasses. 
 
Acids and alkali can be added during storage (wet storage) to help retard microbial 

activity and promote enzymatic conversion of plant carbohydrates into fermentable sugars. The 
breaking down of the polymeric sugars to their monomeric counterparts for subsequent 
fermentation to biofuels and bio-products is typically done by adding a pretreatment step to the 
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biorefinery process.  However, biomass storage and pretreatment can be conducted concurrently 
and cost effectively to provide a homogeneous, delignified biomass for the biorefinery.  

To this end, a short-term, ammonia soaking of sugarcane bagasse during storage (wet 
storage) was investigated to determine the effects on energy content (i.e., cellulose and 
hemicellulose retention), lignin removal, and enzyme digestibility.  The current method 
investigated could be applied to on-site storage of biomass at a biorefinery. 

 
2. Materials and Methods 
2.1. Soaking and Storage 

Sugarcane bagasse obtained from a local sugar mill was used “as-is” (i.e. no further 
mechanical treatment or particle size reduction was applied to the bagasse). Soaking of 
sugarcane bagasse was investigated at three different ratios of ammonium hydroxide and water 
for 20 minutes, and drained through a mesh screen until excess liquid not absorbed by the 
bagasse was collected.  The bagasse was then stored in sealed bags at 30°C for 30 days.  
Following the storage period, the biomass was pressed through a roller mill twice to remove 
excess liquid prior to enzyme hydrolysis.   
2.2. Chemical Composition 

Untreated and stored sugarcane bagasse samples were analyzed for ash, extractives, 
lignin, glucan, xylan, arabinan, and mannan according to National Renewable Energy (NREL) 
Laboratory Analytical Procedures (LAP) 42618, 42619, 42620, 42621, and 42622.  National 
Institute of Standards and Technology reference material 8491 (sugarcane bagasse whole 
biomass feedstock) was used to validate analytical methods during chemical composition 
analysis. 
2.3. Enzyme Hydrolysis 

Ammonia soaked and stored and untreated sugarcane bagasse samples at 10% dry solids 
were hydrolyzed using commercially available cellobiase and cellulase enzymes according to 
NREL LAP 42630.  Samples were taken every 24 hours for three consecutive days for analysis 
of sugars (glucose, cellobiose, xylose, arabinose, and mannose). 

 
3. Results and Discussion 
3.1 Effect of storage on chemical composition 

The chemical composition of sugarcane bagasse before storage was 43% glucan, 22% 
xylan, 24 % lignin, and 11% other constituents.  Following ammonia soaking and storage, the 
composition was 42% glucan, 18% xylan, 13% lignin, and 17% other constituents with a 10% 
solids loss for the highest ammonia loading.  Even for the lowest ammonia loading, 34% of the 
lignin was removed while still retaining most of the glucan.  This is consistent with previous 
studies [4- 6] performed with cellulosic biomass soaked in aqueous ammonia, where after 30-60 
days, some of the lignin was removed (>46%), while most of the cellulose and  hemicellulose 
were retained.  An important difference to note between the current study and those [4-6] 
performed previously is that the previous studies stored biomass in excess liquid; our study, 
however, removed excess liquid before storage, allowing for immediate reuse/recycle of the 
ammonium hydroxide for subsequent batches of biomass.  The biomass was stored with only the 
amount of liquid absorbed by the biomass, and yet still yielded comparable results for lignin 
removal as compared to the previous studies. 
3.2 Enzyme digestibility of dilute ammonia soaked/stored sugarcane bagasse 
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 The highest enzymatic conversion of glucan to glucose resulted from soaking bagasse at 
the highest ammonia loading (HAH), yielding a cellulose digestibility of 44%, as compared to 
only 5% cellulose digestibility for the untreated material.  The hemicellulose digestibility was 
also highest for HAH, with a value of 50%.  This is most likely due to the fact that more lignin 
was removed during soaking and storing using the highest ammonia loading. Treatments with 
alkali have been observed to cause swelling, to decrease crystallinity of cellulose, and to degrade 
linkages between lignin and carbohydrates [6]. These results are similar to those reported by 
Cao, et al. [7], who reported a 57% cellulose digestibility for corn cob soaked in aqueous 
ammonia, despite removing >80 % of the lignin. 
 
4. Conclusions 
 The biomass soaked in ammonium hydroxide was preserved during storage, resulting in 
no spoilage and negligible loss of energy content. The enzymatic digestibility of dilute 
ammonium hydroxide soaked bagasse increased by 8 times over that of the untreated bagasse, 
without additional heat or energy input.  Additionally, only 30% of the free ammonia was 
consumed during the overall process, allowing for reuse/recycle of the ammonia stream for 
subsequent treatments.  Due to the potential of an on-site storage method which preserves the 
biomass and begins removal of lignin on-site, this process allows for an economical and efficient 
method for storage and initial pretreatment of sugarcane bagasse for subsequent conversion to 
biofuels and bio-products. 
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