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Abstract: Miscanthus sp. was investigated as a potential lignocellulosic feedstock for biorefineries 
based on hot-water extraction as a pretreatment. HWE (autohydrolysis) is focused on extracting 
xylans for further use - acid degradation to furfural or fermentation to ethanol, with partial removal 
of lignin from native biomass.  HWE process has been developed at SUNY-ESF and is performed 
typically at 160oC for 2 hours on Angiosperms (hardwoods, agriculture residues, grasses). These 
studies were conducted to evaluate Miscanthus applicability for this technology at scales ranging 
from laboratory (Parr reactor; 5 g; particle size <0.6mm; water-to-biomass ratio 40-to-1), to 
intermediate (M/K digester; 222 g; particle size 0.4-19mm; water-to-biomass ratio 10-to-1) to 
Pilot-size digester (65ft3; 155kg; particle size >19mm; water-to-biomass ratio 8-to-1). The yields 
of extracted biomass varied from ~60% (Parr) to ~65% (M/K) and ~67% (pilot). The end pH varied 
between 3.6 - 3.8. The process streams were further characterized for their potential for use. Xylose 
removal varied from 57% (Pilot) to 66%, with the highest removal observed for M/K experiments 
(based on the original xylose content in native biomass xylose, measured by 1H NMR after acid 
hydrolysis). The delignification degree (lignin removal in % based on lignin in native biomass) 
decreased from ~43% for lab scale to ~32% for intermediate and pilot scale (lignin measured by 
Klason procedure adjusted for acid-soluble lignin). Extracted lignin was precipitated by 
acidification of the hydrolysate obtained from the pilot reactor. Purity of recovered lignin was 
~79%, which increased after washing (water pH 5) to 83%. It was further characterized by 2D 
NMR (HSQC), SEC and TGA. Free phenolic hydroxyl group content and anti-oxidizing activity 
were also measured by UV-based methods. It was further used to prepare a formaldehyde-free 
adhesive in combination with furfural to replace phenol-formaldehyde resins (Novolac type). The 
cellulose content of extracted miscanthus increased with the process scale from 57% to 60%, 
compared to ~40% for the native biomass (cellulose determined by Seifert method). The native 
and the pilot-extracted biomass samples were enzymatically hydrolyzed with and without the 
addition of surfactants (bovine serum albumin and Tween 80). Hot-water extraction increased the 
yield of fermentable sugars (~56% glucose) by more than twice, while addition of surfactant 
increased the yield by ~1.5 times for both native and extracted biomass. Miscanthus native and 
extracted samples were also assessed for their applicability for the production of fuel pellets by 
measuring energy of combustion and ash content, demonstrating benefits of HWE in the 
production of pellets. These results indicate that a rapid-growing, perennial grass such as 
miscanthus can be an effective source of bio-based products, which can be harnessed through an 
environmentally-friendly process of hot water extraction, without the use of harsh chemicals and 
the associated costs of chemical recovery. 
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Abstract: Lignocellulosic biomasses are attractive feedstocks for biofuel production to 
supplement the increasing energy demands. Energy crops and forest residues are second-
generation biofuel feedstocks that do not compete with the food supply and agricultural lands. 
Timothy grass is a perennial grass native to Europe and North America and currently being 
recognized as an energy crop considering its lignocellulosic composition (34 wt% cellulose, 30 
wt% hemicellulose and 18 wt% lignin). Pinewood, a forest residue obtained as disturbance wood 
from insect outbreak in British Columbian forests, is also considered an excellent biofuel 
feedstock owing to its cellulose (39 wt%), hemicellulose (24 wt%) and lignin (20 wt%) 
compositions. Supercritical water gasification is an attractive technology for the thermochemical 
conversion of lignocellulosic biomass to syngas. The process employs supercritical water above 
its critical temperature (≥ 374°C) and critical pressure (≥ 22.1 MPa) that imparts enhanced mass 
and heat transfer with higher solvation properties. This study is focused on identifying the 
potential of timothy grass as an energy crop and pinewood as a forest residue for H2-rich syngas 
production through supercritical water gasification. The biomasses were gasified in supercritical 
water to study the impacts of temperature (450-650°C), feed concentration (20-30 wt%) and 
reaction time (20-60 min). The effects of alkali carbonate catalysts (e.g., Na2CO3 and K2CO3) 
and alkali hydroxide catalysts (e.g., NaOH and KOH) at variable concentrations were also 
examined to maximize H2 yields and carbon gasification efficiency. Higher temperatures (> 
600°C), longer reaction time (> 45 min) and lower feed concentration (20 wt%) improved water-
gas shift reaction resulting in high H2 yields from timothy grass and pinewood. While, KOH is 
proved to be a better catalyst for water-gas shift reaction with its ability to enhance H2 yields, 
NaOH is ascertained as a methanation catalyst due to its highest CH4 yield. The CO yield 
decreased with increase in catalyst concentration suggesting its consumption during water-gas 
shift reaction to produce H2 and CO2. The yields of H2 and total gases decreased in the order of 
catalysts as: KOH > K2CO3 > NaOH > Na2CO3. The overall findings suggest that timothy grass 
and pinewood are promising feedstocks for H2 production via alkali-assisted catalytic 
supercritical water gasification. The utilization of energy crops and forest residues not only 
suggests biofuel generation but also carbon sequestration through soil-biochar amendment. 
 

mailto:ajay.dalai@usask.ca


International Forest Biorefining Conference (IFBC)     
May 9-11, 2017             
Thunder Bay, Ontario, Canada           

 
 

2017 IFBC - Abstract Submission Form   
 

Avantium Renewable Chemistries Update 
 

Alan Smith  
Avantium Chemicals, Zekeringstraat 29, 1014 BV Amsterdam, The Netherlands, 

Alan.Smith@avantium.com 
 

Abstract: We have recently announced the completion of the JV with BASF named 
Synvina.® It’s goal is to develop a world-leading positions in FDCA and PEF by building a 
50ktpa at the BASF’s Verbund site in Antwerp and to license the technology for industrial 
scale production. Synvina® will use the YXY process® developed by Avantium for the 
production of FDCA. There are two projects in an earlier phase which we are able to share 
more details of Figure 1: the Zambezi Process: i) Zambezi – 2G sugar biorefinery and ii) 
Mekong process - to produce bio based monoethylene glycol (bio-MEG). The Zambezi 
process has great potential to provide sugars from non-food biomass for chemical and bio-
polymer applications. Zambezi has several advantages over other 2G technologies: static 
biomass, avoidance of pretreatment, high purity glucose products, near quantitative yield, 
produces clean lignin and is feedstock flexible.  

  

Figure 1: the Zambezi Process 
The Mekong process is one-step, high atom efficiency process which is competitive with the 
oil based MEG. The current commercial sources of bio-MEG but these are made multistep 
low atom efficiency process making them too expensive, especially in a low oil environment. 
With bio-MEG demands estimated to reach 3 million tonnes in the next few and the wider 
MEG market some 10x this volume, the potential for the technology is enormous. The current 
status and perspectives of Zambezi and Mekong will be discussed further in the talk. 

 

Figure 2: the Mekong Process  
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Abstract: Aqueous catalyzed hydrothermal polymerization (HTP) of white pine was used to 
produce a high-energy solid biofuel (~28 MJ/kg) that is hydrophobic and burns completely with 
negligible ash. The feedstock used in this study was wood, however, similar results have been 
obtained with forestry residuals such as softwoods, hardwoods, bark, branches, chips, sawdust 
and purpose-grown crops such as willow. Agricultural residuals also make good biofuel, with the 
caveat that grassy materials like miscanthus, giant king grass, wheat straw, rice husks may 
contain significant quantities of silica and silicates. Waste recycling materials have been used to 
make biofuel, such as waste wood and paper, and bio wastes including manure. The biofuel-
making process cooks cellulosic biomass feedstock under saturated liquid water conditions at 
240 °C. Post-production, the liquid stream contains the catalyst, which is recycled, and numerous 
organic byproducts that need to be treated if they pose harm, or separated and sold if they are of 
value. Examples of value-added byproducts include levulinic acid, hydroxymethylfurfural, 
formic acid, and acetic acid. We report the results of consecutive re-use of untreated biofuel 
effluent on a series of biofuel cooks. The biofuel produced over 16 consecutive cooks using 
effluent from the proceeding cook was indistinguishable, all cooks produced high energy 
hydrophobic biofuel. Analysis of the effluent with High Performance Liquid Chromatography 
(HPLC) and Chemical Oxygen Demand (COD) was used to monitor the concentrations of 
potential value-added products. The pros and cons of the HTP process will be compared with 
competing technologies.  
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Abstract: Efficient hydrolysis of lignocellulosic biomass to fermentable sugars is a challenging 
step and the primary obstacle for the large scale production of cellulosic ethanol. Ionic liquids 
are well known for their ability to dissolve cellulose and our interest in the search for efficient 
catalytic methods for saccharification of polysaccharides has led us to develop -SO3H 
functionalized Brönsted acidic ionic liquids (BAILs) as solvents as well as catalysts. Later we 
found that these sulfuric acid derivatives can be used as catalysts in aqueous phase as well. For 
example, BAIL: 1-(1-propylsulfonic)-3-methylimidazolium chloride aqueous solution was 
shown to be a better catalyst than H2SO4 of the same [H+] for the degradation of cellulose. This 
observation is an important lead for the development of a BAIL based cellulase mimic type 
catalysts. In an attempt to develop a recyclable, simple enzyme mimic type catalysts we have 
studied quantitative structure activity relationships (QSAR) of a series of BAIL catalysts and 
found that activity decreases in the order: imidazolium > pyridinium > triethanol ammonium. 
Furthermore, we have investigated the effects of selected metal ions on BAIL catalyzed 
hydrolysis of cellulose in water at 140-170 °C. The total reducing sugar (TRS) yields produced 
during the hydrolysis of cellulose in aq. 1-(1-propylsulfonic)-3-methylimidazolium chloride 
solution using Cr3+, Mn2+, Fe3+, Co2+ Ni2+, Cu2+, Zn2+, and La3+ chlorides as co-catalysts as well 
as possible interactions of catalysts are shown in the figure below. The highest catalytic effect 
enhancement is observed with Mn2+ and produced TRS yields of 59.1, 78.4, 91.8, and 91.9 % at 
140, 150, 160, and 170 °C respectively; whereas cellulose hydrolyzed without Mn2+ produced 
TRS yields of 9.8, 16.5, 28.0, and 28.7 %. This paper will present the development of BAIL 
based artificial cellulase type catalysts, QSAR studies, catalyst immobilizations, applications on 
lignocellulosic biomass materials (corn stover, switchgrass, poplar) and recycling studies. 
 

 
 
 

 
 
 

The total reducing sugar (TRS) yields 
produced during the hydrolysis of cellulose in 
aq. BAIL solution (0.0321 mol H+/L),  140-
170 °C, 3 h, [Mn+] = 20 mol% 
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Abstract: Food security, climate change, and energy sustainability are three major challenges in 
the 21st century. Among different renewable energy sources, bioenergy is a renewable primary 
energy source that touches all three major issues due to its competition with food on land use, 
low net CO2 emissions, and potentially sustainable if the economical, environmental and societal 
impacts are properly managed. The research at Bio-reneable innovation lab (BRIL) at Guelph 
focuses on research and development of a novel approach for the production of an array of 
renewable products such as energy, fuels, and products from Canada’s particular range of low 
grade biomass sources. These sources range from woody biomass to agricultural wastes, 
municipal green bin collections, and animal manures. This novel approach integrates 
thermochemical and biochemical conversion processes through a series of innovative 
technologies (i.e. hydrothermal pretreatment, supercritical gasification or anaerobic digestion 
with dry reforming, gas-to-liquid fuel through fermentation). The innovative and synergistic 
integration of design with processing through the above projects are expected to result in 
renewable fuels and value-added products. The resulting biocarbon can substitute fossil 
resources on a cost-performance basis with the added benefit of eco-friendliness. This could 
mean a tremendous reduction in greenhouse gas emission through the use of bioproduct, 
reducing our dependency on petroleum.The use of hydrothermal, chemical looping and 
supercritical gasifications, anaerobic digestion, dry reforming of biogas to produce syngas, and 
syngas fermentation techniques in the development and application of biofuels and products 
would lead to reduced dependency on petroleum and a sustainable economy.  
 
 

mailto:adutta@uoguelph.ca


International Forest Biorefining Conference (IFBC)     
May 9-11, 2017             
Thunder Bay, Ontario, Canada           

 
 

2017 IFBC - Abstract Submission Form   
 

Large Scale Gene Expression Metadata Analysis Reveals Molecular 
Mechanisms Employed by Phanerochaete Chrysosporium During 

Lignocellulose Degradation and Detoxification of Plant Extractives 
 

Ayyappa Kumar Sista Kameshwar, Wensheng Qin* 
Department of Biology, Lakehead University, 955 Oliver Road, Thunder Bay, Ontario, P7B 5E1, 

Canada, wqin@lakeheadu.ca 
 
Abstract: Lignin is a complex organic compound possessing intricate structural and functional 
properties. It occurs in close associations with cellulose and hemicellulose units, making it difficult 
to separate. Eccentric lignin degrading ability and availability of annotated genome makes P. 
chrysosporium an ideal organism for lignin degradation. Several genome wide transcriptome 
studies of P. chrysosporium were conducted in the last decade, has revealed about the molecular 
and metabolic pathways involved in lignocellulose degradation. In this study, we have retrieved 
gene expression (Microarray, RNA sequencing and LongSAGE) datasets from NCBI GEO (Gene 
Expression Omnibus) database and analyzed it using GEO2R (NCBI GEO based web tool) and 
Bioconductor packages such as limma, GEOquery, Glimma, edgeR based on R software v 3.1. We 
have obtained common differentially expressed genes of P. chrysosporium from different datasets 
cultured on plant biomass (natural and complex), synthetic and simple growth substrates. Genes 
encoding for glycoside hydrolases involved in cellulose degradation GH-5, 6, 7, 9, 44, 45, 48 and 
hemicellulose degradation such as GH-2,8,10,11,26,30,43,47 were found to be commonly 
expressed among various growth conditions mentioned above. While genes encoding for 
carbohydrate esterases CE-1,4,8,9,15 and 16, polysaccharide lyases PL-4 and 8 and glycosyl 
transferases GT- 1,2,4,8,15,20,35,39,48 were found to be differentially expressed among complex 
natural plant biomass containing growth substrates. Based on the results obtained we have 
classified P. chrysosporium ligninolytic genes into three sets such as primary ligninolytic, aromatic 
compound degrading and other necessary enzymes. Similarly, we have classified genes involved 
in detoxification and stress responsive mechanisms of P. chrysosporium into phase-I, phase-II and 
detoxification-stress responsive genes. We have observed that P. chrysosporium primarily 
expresses genes coding for lignin and hemicellulose degrading enzymes followed by cellulases 
when cultured on natural plant biomass growth mediums. Also, the P. chrysosporium gene 
expression is significantly influenced by the substrate (wood composition) and incubation period. 
We have also reported that genes involved in lignin degradation and detoxification-stress 
responsive mechanisms function in a coordinated manner during biomass degradation. From the 
obtained results, we have developed a tentative gene networks of lignin, cellulose, hemicellulose 
degradation and detoxification-stress responsive mechanisms. We strongly believe that gene 
expression findings reported in our study can play a significant role in designing genetically 
competent microbes for the efficient degradation of lignocellulosic biomass. 
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Abstract: Adsorption is a global recognized water purification method to meet the challenges 
from water sanitation. Herein, we reported the systematic study on adsorption of heavy metal 
ions by bio-based activated carbons (ACs) from Corn cob residue (CCR). These ACs were 
obtained by hydro-thermal carbonization and subsequently, activated by various chemicals 
(ZnCl2 and H3PO4). Then, ACs obtained under various conditions were characterized by N2 
adsorption-desorption isotherms, XRD, FT-IR, SEM and TEM, and their ability to remove heavy 
metal ions (Pb2+, Cu2+, Cd2+) from aqueous solutions was also tested. The preferable removal 
effects of Cu2+ over Cd2+ or Pb2+ in the binary system could be due to its lower affinity to 
solvent. Adsorption kinetics showed that 90-95% of the equilibrium amount is absorbed within 
several minutes for most of the ACs. Pseudo-second order equation fitted better for the 
adsorption kinetics data. These bio-based ACs demonstrated larger sorption capacities than those 
found in the literature of other adsorbents. 
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Abstract: Nanocellulose is a value added product from the biorefining of cellulose that can be 
used to stabilize emulsions, biomedical products, and in packaging. Nanocellulose is traditionally 
harvested from flax, hemp, and cotton plant fibers. Emerging research has explored 
nanocellulose production via Komagateibacter xylinus (ATCC 53524) processing of sugars as an 
alternative source of cellulose referred to as bacterial nanocellulose (BNC). Wood chips from 
soft (conifers) and hardwood (Eucalyptus) are also a major source of cellulose. Cellulose from 
plants cell walls have a lattice structure with one non-right-angle (monoclinic), thicker fibers, and 
a lower degree of crystallinity. This is in comparison to BNC which has a lattice structure with 
three unique angles (triclinic), thinner fibers, and a higher degree of crystallinity. This research 
aims to test the Young’s modulus, tensile strength, elongation at break, water and oxygen barrier 
properties of cellulose films from wood chip fibers (cellulose nanofibrils) and BNC. Cast films 
with cellulose nanofibrils (CNF) have yielded a Young’s modulus of 2-3 GPa and a strength of 
40-60 MPa. These mechanical properties will be compared to those of nanocellulose produced 
from Komagateibacter xylinus (ATCC 53524) (BNC).  This research aims to explore the 
fundamental relationships between the microscopic structure of nanocellulose and its 
macroscopic mechanical properties. 
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Abstract: Biodiesel, also known as Fatty Acid Alkyl Ester (FAAE), is used for mandatory 
blends of fossil based diesel in many countries. Normally, for every 100 kg of biodiesel 
produced, there is also a production of 10 kg glycerol as a byproduct. Thus, increase in biodiesel 
production across the world has caused a glut of glycerol in the market. Utilization of crude 
glycerol to produce value added compounds is essential from an economic and environmental 
point of view. One way to valorize crude glycerol is its conversion into microbial lipids (also 
known as microbial oil or single cell oil) and then use the lipid as a resource for marketable 
products. In this work, crude glycerol from biodiesel industry was biologically converted into 
microbial lipid using a robust oleaginous yeast, Rhodosporidium toruloides ATCC 10788. The 
obtained lipid was then subsequently converted into polyol. This polyol was compared with 
vegetable oil based polyol, obtained in similar way. The polyol obtained from microbial lipid 
was also converted into polyurethane to assess its suitability for polyurethane production. 
Integration of such a process into a biodiesel plant will help enhance revenue using a byproduct 
of the process.  
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Abstract: The transformation of agricultural waste to value added bioproducts for chemical, 
material, fuel and energy application creates an opportunity that fosters innovation, creates new 
jobs and increase competitiveness of Canada in global markets. The present research is focus on 
utilizing oil cakes produced from Meadowfoam and Crambe for biocomposities application. The 
oil cakes is first pyrolyzed at 450 C, 550 C, 650 C and 750 C. The heating rate and residence time 
at reaction temperature is maintained at 10oC/minute and 30 minutes respectively. The solid, liquid 
and gas yield is measured. The properties of solid char and liquid will be presented. The TGA 
analysis of raw Meadowfoam and Crambe will be discussed. The present paper will focus on the 
pyrolysis study of oil cake and will briefly discuss the study on using the biochar for composites 
application.   
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Abstract: Lignocellulosic biomass is an attractive source for renewable materials and chemicals 
to substitute for fossil-based equivalents. Cellulose (dissolving pulp), in particular, high- purity 
cellulose grades, is in high demand. In this project, a bleached market hardwood kraft pulp, 
which contains 18% xylan, was used as the raw material to produce high-purity cellulose. The 
separation of xylan from cellulose was carried out by using a green solvent, gamma- 
valerolactone (GVL), in combination with water. The process yields a solid residue (cellulose 
fraction) and filtrate (dissolved xylan in GVL/ water mixture). It was found that a trace amount 
of sulfuric acid dramatically enhanced the xylan separation from cellulose. The solid residue has 
an alpha- cellulose content higher than 95%, and was further characterized by SEM, XRD and 
FT-IR. The results showed that the surface structure of cell walls was extensively destroyed, 
crystalline area was increased from 18% to 40% and only a small amount of hemicelluloses were 
present. The filtrate contains the dissolved hemicelluloses and some furfural. A reasonable mass 
balance was established. This process fits well into the green process concept for the production 
of bio-materials. 
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Abstract: Despite tremendous research efforts around the world, the recalcitrance of cellulosic 
biomass remains a critical challenge for the lignocellulosic biomass-based biorefinery. Based on 
the existing TMP/CTMP process, FPInnovations has successfully developed a proprietary 
process (TMP-Bio), to convert cellulosic biomass into the 2G sugar and lignin. The process 
includes a unique mild biomass treatment technology, a robust enzymatic hydrolysis technology 
which can conduct enzymatic hydrolysis at greater than 20% biomass loading, and various 
pathways to value-added products from both a mixed sugar stream and a near-native lignin 
stream (H-lignin). Lab and pilot fermentation trials confirmed that concentrated sugar produced 
from the TMP-Bio process can be directly fermented to various value-added products without 
detoxification.  Thus, these cellulosic sugars have great potential for replacing agricultural and 
food-based feedstocks that are currently used for the production of Bio-fuel and bio-chemicals. 
The objectives of this paper are: 1) give an overall introduction on main features the TMP-Bio 
technology; 2) discuss the quality of sugar and H-lignin generated from the process; 3) explore 
the potential applications of sugar and H-lignin; and 4) update our progress on scale-up activities 
and further developments.  
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Abstract: Medium chain length polyhydroxyalkanoates (mcl-PHAs) are naturally occurring 
polymers produced by various bacteria of the genus Pseudomonas which may find potential 
applications in plastic markets.  These polymers can be cultivated in a bioreactor with renewable 
carbon substrates and are biodegradable. The composition of mcl-PHAs differ in monomer 
lengths and functional groups under various growth conditions which ultimately influence the 
polymer properties. Analysis of mcl-PHA production indicates that compositional differences 
can be inherited from the choice of bacterial strain, the choice of substrate and growth 
conditions. These same factors affect the molecular weight, crystallinity and order of the 
polymers. Taken together, significant differences in polymer properties are observed based on 
the production conditions for mcl-PHA synthesis. Pseudomonas putida LS46 was used to 
cultivate mcl-PHAs from various feedstocks. When cultivated using octanoic acid as the 
substrate, an elastomeric polymer was produced. This polymer had a tensile strength of 2.98 
MPa and an elongation at break of 161%. The glass transition point was observed at -36 ˚C, 
melting point as 53˚C and the degradation temperature as 249 ˚C. In comparison, growth on 
long-chain fatty acids (LCFAs) present in Canola oil produced polymers demonstrating 
markedly different properties. The mcl-PHAs produced from LCFAs contain longer monomer 
units with some unsaturation and as a result are completely amorphous. The glass transition 
temperature of these polymers -53 ˚C and the degradation temperature observed at 253 ˚C. 
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Environmental Credit Markets, Carbon Pricing and the Forest 
Biorefinery  

  
Cooper Robinson1  

1Managing Director, Cap-Op Energy Inc., Canada, crobinson@capopenergy.com 
  
Abstract: Cap-Op Energy proposes to provide a brief overview of North America’s major 
environmental credit markets and carbon pricing regimes, followed by more specific focus on the 
biofuels sector. Particular emphasis is proposed for the highest value environmental credit markets, 
namely California’s Low Carbon Fuel Standard (LCFS), the US EPA’s Renewable Fuel Standard 
(RFS2) and/or British Columbia’s Renewable and Low Carbon Fuel Requirement Regulation 
(RLCF). These fuel regulations, and others modeled after them, provide mechanisms for 
recognizing life cycle (well-to-wheels, WTW) carbon intensity benefits of fuels. These 
mechanisms, and specific definitions, differ between regulations and consequently present both 
opportunities and challenges specific to biofuels derived from forest-based feedstocks (tree 
residues, slash, commercial thinnings, etc.). The presentation will include specific examples, and 
strategic implications of these for prospective or existing forest biorefinery project developers.  
  
Illustrative Presentation 
Agenda / Topics  

Content Brief  

Overview: What are 
Environmental Credit 
Markets?  

• Emissions trading and carbon pricing mechanisms  
• Renewable fuel standards  
• Low carbon fuel standards  
• Renewable Energy Certificates  

Why are Environmental 
Credit Markets Important?  

• Accelerate transition to low-carbon economy  
• Enhance profitability of sustainable development  
• Clear targets contemplated to 2030 and beyond  
• Increasing number of jurisdictions, tens of billions of dollars  

Life  Cycle  Analysis  
Basics  

• Carbon intensity - units of measure and rules of play   
• Regulatory approaches (WTW pathway analysis)  
• Common models and tools (CA-GREET, GHGenius, etc.)  

Case  Study:  California 
LCFS  

• Overview, targets, credit cycle, historical pricing  
• Example Pathways, including forest-based feedstocks  

Case Study: EPA RFS2   As above for LCFS  
Forest  Biorefinery  
Implications  

• Opportunities and Challenges  
• Lessons learned  

 
 
2017 IFBC - Abstract Submission Form   

mailto:crobinson@capopenergy.com


International Forest Biorefining Conference (IFBC)     
May 9-11, 2017             
Thunder Bay, Ontario, Canada           

 
 

2017 IFBC - Abstract Submission Form   
 

Valorization of Forestry Lignocellulosics through the Combined 
Production of Cellulose Nanocrystals and Advanced Ethanol 

Production Strategies 
 

David C. Bressler1, Jie Wang, Dawit Beyene, Janet Dai and Micheal Chae 
1Department of Agricultural, Food and Nutritional Sciences, University of Alberta, Canada, 

david.bressler@ualberta.ca 
 
Abstract: The Canadian forest industry is aiming to overcome the declining demand for paper 
based communication products by diversifying to high value-added products such as cellulose 
nanocrystals (CNCs) and converting sugars from lignocellulosic feedstocks into ethanol. CNCs 
are nanoscale fiber particles extracted from the crystalline cellulose domain. These particles have 
desirable mechanical properties for potential applications in automotive, electronics, 
pharmaceutical and petroleum oil industries. Currently, a strong acid hydrolysis process is 
employed to extract CNCs from wood pulp. The major challenges of this process are the low 
feedstock-to-CNC conversion efficiency and the loss of reusable sugar by-products in the acid 
waste stream (80 %). In this study, enzymatic treatment process was proposed prior to acid 
hydrolysis, to degrade less ordered cellulose with the objectives of recovering sugars and 
improving the acid hydrolysis efficiency. After enzymatic treatment for 2 – 10 hrs, substantial 
amount of glucose and xylose sugars (27.1 ± 0.8 – 56.3 ± 1.6% wood pulp conversion, w/w) were 
recovered. The CNC yield (% acid hydrolysed feedstock, w/w) from acid hydrolysis of 8 hrs 
cellulase cocktail-treated solid nearly doubled (17.3 ± 1.9 %) as compared with the untreated wood 
pulp (10.3 ± 0.1). Therefore, the enzyme-mediated process can reduce the acid volume required 
for CNC extraction and improve the throughput in the downstream CNC purification process. 
There was no significant reduction in the CNC yield (% original feedstock) as a result of enzymatic 
treatment up to 8 hrs. The study also investigated the potential of applying self-cycling 
fermentation (SCF) into cellulosic ethanol production to elevate productivity. SCF is a cycling 
process where a monitoring parameter, used to identify the onset of stationary phase, triggers the 
automated removal and replenishment of half of the fermenter contents, to start next cell cycle. To 
test whether this cycling process could increase productivity during ethanol fermentation, we 
mimicked SCF by manually cycling the fermentation for five cycles in shake flasks. Results 
showed that the mimicked process achieved regular patterns with regards to glucose consumption, 
ethanol titer, pH, and biomass production. Compared to batch fermentation, our cycling strategy 
improved ethanol volumetric productivity (the amount of ethanol produced in a given cycle per 
corresponding cycle time) by 43.1 ± 11.6%. Therefore, this study displays great potential in that 
applying SCF to ethanol production could increase productivity, which will help strengthen the 
cellulosic ethanol industry.  In conclusion, the enzymatic mediated process a) allows the recovery 
of fermentable sugars for co-production of ethanol to generate additional revenue for the industry 
and b) improves the efficiency of the acid hydrolysis process that can be translated to reduced 
chemical use, cost and waste generation. 
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Next Generation Biocomposite Materials: 
How the Science of Genomics can Revolutionise the Automotive 

Sector 
 

David B. Levin1, Michael Deyholos2, Shawna DuCharme3 
1Department of Biosystems Engineering, University of Manitoba, Winnipeg, Manitoba, Canada, 

david.levin@umanitoba.ca 
2Department of Biology, University of British Columbia, Canada  

3Composite Innovation Centre (CIC), Winnipeg, Manitoba, Canada  

 
Abstract: A project just under way in Western Canada will soon deliver fully renewable 
biocomposite materials to the Canadian industry based on fibre from flax germplasm with traits 
genetically optimized for use in advanced composite materials.  The project, performed with 
partners from the University of British Columbia, the University of Manitoba, Westward 
Industries, the Composites Innovation Centre and Genome Prairie, is using semi-structural 
components of a prototype bio-vehicle developed with two industrial partners in Manitoba as 
proof-of-concept of the approach.  Current practices for manufacturing biocomposites material 
depend on mixing percentages of natural fibre with fiberglass in appropriate laminate structures 
and using petroleum-based resins as a binding matrix. However, fibre feedstocks from flax and 
other crops have not been phenotypically screened and catalogued for their use in specific 
biocomposite applications. Issues of the greatest industrial relevance are: i) the lack of uniformity 
of fibres leading to inconsistency of product performance; ii) poor adhesion of fibres to petroleum-
based resin (binding matrix) leading to poor material strength; & iii) the absence of natural resins 
that provide the required optimum binding capacity, thermostability, and biodegradability (related 
to ii). The project will also incorporate the use of microbial polymer/resins synthesized by a novel 
bacterium, Pseudomonas putida strain LS46. Growth of this bacterium on different carbon sources 
results in polymers with different monomer composition. Characterization of the physical and 
thermal properties of the different polymers will identify those that exhibit complementary 
physical and chemical properties required for binding to the optimised flax fibres in the 
biocomposite materials. This project, therefore, will develop a new generation of genetically 
optimised biocomposites for industrial applications. 
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The Effect of Flowthrough Autohydrolysis Conditions on 
Lignocellulosic Material Extraction from Spruce Wood Chips and 

Lignocelluloses Precipitation from Hydrolysates via Different 
Methods 

 
Dmitry Tarasov1, Mathew Leitch 1, Pedram Fatehi2  

1 Faculty of Natural Resources Management, Lakehead University, Canada, 
pfatehi@lakeheadu.ca   

2 Faculty of Chemical Engineering, Lakehead University, Canada, 
 
Abstract: Autohydrolysis is widely used in dissolving pulp and wood pellet production processes. 
Autohydrolysis of spruce wood chips was explored in a flowthrough system for extraction of 
lignocelluloses in this work. The first objective of this work was to investigate how the process 
conditions affect the extraction of lignocelluloses in this system. The results show that liquid to 
solid ratio of higher than 6/1 impacted the lignin extraction. Liquid flow velocity increased the 
extraction of hemicelluloses with higher molecular weights. The presence of lignin-carbohydrate 
complexes (LCC) was also noted in this process. Extracted lignin was insoluble in the alkali 
solutions due to the low phenolic compounds of the extracted lignin. In addition, different methods 
were followed to isolate lignocelluloses from the hydrolysis liquor. It was observed that 
acidification (pH 1.5) resulted in 16.5-21% lignin precipitation from the hydrolysis liquor. Ethanol 
addition to acidified hydrolysis liquor led to a 40-49% lignocellulose removal. In this work, the 
correlation between the extraction of lignocelluloses from hydrolysis liquor via acidification and 
solvent treatments and hydrolysis conditions is developed.  
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Creating Solid Biofuels from Biomass Materials for Industrial 

Applications 
 

Donald R. Fosnacht, Jack Grochowski, Andriy Khotkeych, Richard Kiesel, Timothy 
Hagen, and Kevin Kangas 

University of Minnesota – Duluth, Natural Resources Research Institute, Duluth, MN, USA 
dfosnach@nrri.umn.edu 

 
Abstract: The University of Minnesota's Natural Resources Research Institute has been very 
active in developing various biomass pretreatment techniques that concentrate the energy values 
in biomass to make them similar to sub-bituminous coal. Techniques to densify the pretreated 
materials have also led to enhancement techniques to improve moisture resistance and improve 
physical properties of the produced fuels. The University has supported development of a 
demonstration torrefaction process and a pilot scale hydrothermal carbonization system. The 
systems have been used to treat a variety of biomass materials. The progress in treating biomass 
materials with these unique facilities will be discussed and the potential use of the fuel products 
for various applications will be reviewed. Plans for the current year include installation of a 
moving bed torrefaction system (3 t/d) and a 100 kW advanced boiler/generator system that will 
be fueled by biocoal and other derived biomass fuel products. The work on torrefaction has 
proceeded from bench scale to demonstration scale (6 t/d) using rotary kiln technology. The 
work on hydrothermal carbonization has gone from bench to pilot scale (kg/h) using a semi-
continuous pressure system. All systems are used to develop a thorough understanding of the 
properties of the fuels derived from biomass and other waste products and to produce enough 
materials for industrial testing. 
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Sustainable Biocomposites from Toughened Polypropylene and 
Biocarbon from Pyrolyzed Biomass for Automotive Parts Uses 

 
Ehsan Behazin1,2, Manjusri Misra1,2, Amar K. Mohanty1,2 

1Bioproducts Discovery and development Centre, University of Guelph, Canada, 
ebehazin@uoguelph.ca  

2School of engineering, University of Guelph, Canada   
 
Abstract: Biocarbon being a biobased material and a product of biorefinery facilities continues to 
attract interest as a biofiller in polymer composites applications. However, the systematic study is 
lacking in how biochar properties resulting from pyrolysis conditions could translate into its 
reinforcing role in the composites. In this study, miscanthus biocarbon with two different pyrolysis 
temperatures (≈ 500 and ≈ 900 °C) were characterized for elemental composition (CHNS/O), ash 
content, volatile matter, fixed carbon content, specific surface area, modulus of elasticity and by 
Fourier Transform Infrared (FTIR). To evaluate how biochar properties, translate into its function 
as bio-filler in polyolefin based composites, two loading levels of 10 and 20 wt. % of each biochar 
sieved to specific particle size range were melt blended with toughened polypropylene (PP) 
system. Morphological studies were performed using atomic force microscopy (AFM) and the 
structure-property relationship of the biocomposites was established. The results validated that 
higher pyrolysis temperature eliminated the surface functional groups and increased the specific 
surface area which promoted better compatibility between the biocarbon and polyolefin matrix. 
Through optimizing the compatibilizer and particle size, the notched Izod impact properties of the 
composites had a tenfold increase without any significant loss in the stiffness and strength of the 
composites. Comparable mechanical properties of biocarbon biocomposites can outperform 
conventional mineral filled composites by having 15% lower density and 20% higher bio-based 
content. 
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Designing Next Generation Biorefineries 
 

Franck Dumeignil1 
 

1Univ. Lille, CNRS, Centrale Lille, ENSCL, Univ. Artois, UMR 8181 - UCCS - Unité de Catalyse 
et Chimie du Solide, F-59000 Lille, France, franck.dumeignil@univ-lille1.fr 

 
Abstract: The development and implementation of biorefinery processes is of the upmost 
importance to meet the vision towards a sustainable economy based on bio-resources [1]. In this 
context, catalysis, either enzymatic, heterogeneous or homogeneous is playing a major role like 
this is already the case in a ‘conventional’ refinery based on the treatment and the conversion of 
petro-resources. Nevertheless, contrary to petro-resources of which the nature and composition 
variations are ‘relatively’ limited, under the term ‘bio-resource’ or ‘biomass’ are gathered 
compounds of very different natures (cellulose, hemicellulose, oils, lignin…). Thus, a complete 
set of specific technologies must be developed in order to convert each fraction as smartly as 
possible. This implies, among others, the elaboration of a lot of processes based on catalysis. 
These latter constitute core technologies that will be implemented in the so-called ‘biorefineries’. 
Within this frame, the present author notably coordinated the elaboration and the development of 
the EuroBioRef concept 'EUROpean multilevel integrated BIOREFinery design for sustainable 
biomass processing' (www.eurobioref.org), as a 'large-scale' European project (2010-2014). The 
EuroBioRef highly integrated, diversified and sustainable concept will be presented while 
focusing on the key role of catalysis. Then, the next important developments for the next decade 
concerning catalysis for biorefineries will be presented. A new high throughput approach 
materialized by the REALCAT platform [2] will be described, and then the new concept of 
hybrid catalysis [3], integrating in one-pot chemo- and bio-catalysis will be described. 
 
References 
1) ‘Biorefinery: From Biomass to Chemicals and Fuels’, Edité par M. Aresta / A. Dibenedetto / 
F. Dumeignil, de Gruyter, ISBN 978-3-11-026023-6 (2012); ‘BIOREFINERIES – An 
Introduction’, Edité par M. Aresta / A. Dibenedetto / F. Dumeignil, de Gruyter, ISBN 978-3-11-
033153-0 (2015). 
2) F. Dumeignil, L. Montagne, R. Froidevaux, S. Heyte, S. Paul. Chapitre 9 de ‘Modern 
Applications of High Throughput R&D in Heterogeneous Catalysis’, Bentham Science 
Publishers, Alfred Hagemeyer and Anthony F. Volpe, Jr. (Eds), p324-337 (2014). 
3) F. Dumeignil, Public Service Review: European Union 2011, 22, 528; M. Guehl, S. Desset, D. 
Delcroix, N. Lopes Ferreira, F. Dumeignil, FR15/50.532 Patent filed by IFPEN-UCCS (2014); F. 
Dumeignil F., Chem. Ing. Tech. 2014, 86(9), 1496. 
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jack.saddler@ubc.ca 
 

Abstract: Working with colleagues in IEA Bioenergy Task 39 (Liquid Biofuels) the FPB/B 
group has been investigating the challenges and potential of technologies to produce drop-in 
biofuels. The IEA report entitled, “The potential and challenges of drop-in biofuels” (posted at 
www.Task39.org), is currently undergoing an update as there continues to be considerable 
interest in developing biofuels that can be readily integrated into the existing petroleum fuel 
infrastructure in a “drop-in” fashion. This is particularly true of sectors such as aviation where 
there is no alternative low carbon emitting fuel source. As described in the report, there are 
several ways to produce drop-in biofuels including, oleochemical processes, (i.e. the 
hydroprocessing of lipid feedstocks), thermochemical processes, such as gasification, 
pyrolysis/HTL followed by catalytically upgrading/hydroprocessing, and biochemical processes, 
such as the biological conversion of biomass (sugars or cellulosic materials) to longer chain 
alcohols and hydrocarbons. In the near-term biojet fuels will likely be produced via the 
oleochemical route.  However, in the longer-term, biojet production will likely be based on 
lignocellulosic feedstocks. Canada has vast forest resources and an innovative forestry industry 
that could potentially support an evolving biojet sector. British Columbia has been at the 
forefront of increased wood residue utilization as exemplified by the established pellet 
sector.  BC also has the highest percentage of third-party certified, sustainably managed forest by 
groups such as the Programme for the Endorsement of Forest Certification (PEFC) and the 
Forest Stewardship Council (FSC). The University of British Columbia has been working with 
partners such as Boeing to assess the viability of producing biojet from forest residues.  The 
work within the, To Assess the likely Technology Maturation pathways used to produce biojet 
from forest residues (ATM) project, is being supported by Boeing and the industry led, NCE, 
Green Aviation Research and Development Network (GARDN). Project partners include 
Boeing, WestJet, Bombardier, skyNRG, Air Canada and Noram Engineering.  The project is 
assessing a variety of routes for forest biomass-to-biojet but with a focus the upgrading of 
biocrude from pyrolysis and hydrothermal liquefaction.  In addition to assessing the various 
technical challenges, the project is currently investigating the supporting policies that will be 
required to develop a commercially viable forest biomass-to-biojet fuel process. The presentation 
will give an overview of work being carried out to develop a biomass to biojet process 
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Lignocellulosic Biomass and Residues as Potential Substrates 
for the Industrial Biotechnology   

 
Joachim Venus 
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Bioengineering, Germany, jvenus@atb-potsdam.de  

 
Abstract: Objectives: Besides the quantity and availability of raw materials together with their 
properties the feedstock costs are crucial for the production of bulk chemicals like lactic acid. 
Especially for biotechnological processes, in which the carbon should be converted into 
microbial products, there is an increasing interest in the use of cheap raw materials. 
Methodology: Renewable feedstocks (lignocellulosics, agri-food residues etc.) are already being 
used as raw materials for the production of bio-based products. However, these feedstocks 
cannot be used for fermentation directly because the fermentable sugars are bound in the 
structure especially as cellulose and hemicellulose. They have to undergo a pre-treatment to 
release these sugar components. Results: Investigations dealt with the optimization of different 
process steps (e. g. disintegration and hydrolysis of biomass, fermentation, downstream 
processing etc.) and were performed subsequently in form of coupled process sequences. 
Different fermentation regimes were tested for the development of an innovative and 
environmental benign lactic acid production. Special detoxification steps can help to improve the 
fermentability and conversion efficiency of biomass hydrolysates. Depending on the further 
processing of the lactic acid the separation of impurities after fermentation is a major process 
cost too. Therefore an optimization is necessary to find a balance between the substitution of 
expensive nutrients and the limitation of interfering or undesirable components of natural raw 
materials. Conclusion: The entire processing chain has been implemented: from the feedstock, 
the pre-treatment/hydrolysis for releasing C5 and C6 sugars, the fermentation to lactic acid and 
the downstream processing of fermentation broth to generate marketable lactic acid of high 
enantiopurity and quality. Exploitation of L(+)- and D(-) lactic acid for the production of 
biopolymers is one of the recent applications. 
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Looking to Bioenergy and Biorefining Opportunities to Address 
Timber Market Challenges  

 
Joseph Ladouceur  
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Thunder Bay, Ontario, Canada 

jladouceur@greenmantle.ca 
 

 
Abstract: Greenmantle Forest Inc. (GFI) is the Sustainable Forest Licence holder for the 
Lakehead Forest, which encompasses approximately 355,000 hectares of managed Crown forest, 
centred on the City of Thunder Bay in Northwestern Ontario. GFI is responsible for all forest 
management planning, forest renewal, and oversight of timber harvest and road construction 
operations for thirty small, independent logging contractors/shareholders working on the Forest.  
Situated in the Boreal-Great Lakes-St. Lawrence Forest transition zone, the Lakehead Forest has 
a long history of forest fire suppression, and a legacy of commercial timber high-grading and 
limited post-harvest silvicultural effort (pre-1980). These factors have created an unnatural 
abundance of hardwood mixedwood forest, often in multi-aged stand conditions. These hardwood 
mixedwood stands contain wood fibre of generally lower stem quality, relative to trees used for 
traditional timber products, such as veneer, sawlogs and pulp and paper. There currently exists 
limited markets in Northwestern Ontario for this hardwood fibre. Furthermore, this issue 
negatively impacts the access to, and harvest of, other more marketable fibre in these mixedwood 
forest stands. To help mitigate this marketing challenge for its shareholders, Greenmantle Forest 
Inc. seeks a strengthened local bioenergy and biorefining industry. GFI will present its industrial 
perspective regarding the opportunities and some of the challenges it faces in achieving this goal. 
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The LignoForce Process – From Lab to Commercial Scale  
 

Kirsten Maki1, Michael Paleologou2  
1FPInnovations – Thunder Bay Ontario, kirsten.maki@fpinnovations.ca 

2FPInnovations – Pointe Claire, Quebec  
 
Abstract: Lignin, a plant derived source of aromatic polyol, has long been studied in various 
applications; its potential as a ‘green’ chemical feedstock is being realized, now that extraction 
technologies have been commercialized. The first commercial LignoForce system for extracting 
lignin from the kraft pulping process began operation in 2016.  This presentation reviews the 
evolution of the process, from lab scale through to the commercial plant, including the critical 
role played by the pilot plant in Thunder Bay. The goal of the pilot plant was to produce lignin 
samples for research into value-added applications, to produce sufficient quantities for large 
scale trials, to fine-tune operating conditions, and to characterize the lignin product.  These goals 
were achieved, and the pilot plant experience helped shape many aspects of commercial plant 
design, including material and equipment selection.  This project also highlighted the importance 
of partners in new technology development; FPInnovations partnered with an engineering firm in 
scaling from lab to pilot, and from pilot to commercial scale, and also with a member company 
which provided a host site for the  commercial plant, and support in getting ‘serial number 1’ up 
and running. The collaboration of the parties at the various stages of the project was key to 
success. 
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Feedback Control Methodology for Producing Advanced Biomass 
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Abstract: Low energy density, high moisture content, and heterogeneity have limited the 
utilization of conventional biomass as an energy source through much of the Canadian prairie 
region. However, production of high-value commodity feedstocks from biomass is a viable option 
for overcoming these limitations and growing the industry. To this end, a process feedback control 
methodology is proposed for the development of advanced biomass; biomass that has undergone 
treatment to enhance its thermochemical characteristics for energy applications. Using the 
proposed method, key biorefinery metrics can be applied in a feedback loop to multi-step 
pretreatment processes. The resulting biomass feedstock is enhanced specifically for the target 
biorefinery application. The methodology is demonstrated using a single-step pretreatment (i.e. 
torrefaction) for fluidized bed gasification. The pretreatment resulted in a clean, hydrogen-rich 
syngas from torrefied short-rotation coppice willow. Two methods of real-time syngas analysis 
were used to evaluate the quality of the gas. Syngas quality was evaluated based on the bulk gas 
composition and trace gas contaminants (tars). These syngas quality metrics were subsequently 
correlated to the severity of torrefaction. Ultimately, the method was used to produce a hydrogen-
rich syngas with less contamination by tertiary and alkyl tertiary tars from torrefied SRC willow. 
Real-time syngas analysis further demonstrates the potential for automation of the feedback 
control loop. The presentation will develop the feedback control methodology, address the 
implications for biorefining, and highlight the key findings related to torrefaction for production 
of syngas in a fluidized bed. 
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Uncatalyzed Lignin Solvolysis: Utilizing Water-Solvent Mixtures as 
a Reaction Medium  
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Abstract: The success of the biorefineries lies in the efficient use of all the feedstock’s compo-
nents. Combustion of lignin for energy production is an underutilization of its potential. Even 
though research on manufacture of value-added products from lignin is currently vivid, no real 
breakthroughs have been seen in this area. This underlines the need for new methods of lignin 
depolymerization, as well as research in the fundamental aspects of the process chemistry. This 
paper discusses uncatalysed solvolysis of organosolv hardwood lignin with mixtures of water 
and solvents – methanol, ethanol, and 2-methyltetrahydrofuran (2-MTHF). Lignin was mixed 
with pure water and water-solvent mixtures (1:1, volume basis), carrying out solvolysis at 
270 °C (Parr 4575 batch reactor). Fractions were separated from the reaction mixture (undegrad-
ed lignin, char, depolymerized lignin, and gases), subsequently determining their yields. Molar 
mass distribution of the depolymerized lignin was determined (GPC). Based on the results 2-
MTHF was selected to be looked into in more detail. Different water-solvent ratios (1:3, 1:1, 3:1) 
and reaction temperatures (270, 290, 310 °C) were tested. The reaction products were analyzed 
as described above. The reaction product yields showed a notable effect of the organic solvents 
on char formation: while 15.8 w-% (related to the feedstock lignin) char formed in pure water, 
the respective values were 2.4, 1.2, and 1.8 w-% for the 1:1 mixtures of water with methanol, 
ethanol, and 2-MTHF. On one hand, the highest yield of depolymerized lignin was formed with 
2-HTMF (86.8 w-%), while on the other hand the GPC measurements showed methanol to pro-
mote the most extensive depolymerization. 1:3 and 3:1 water:2-MTHF ratios produced inferior 
yields of depolymerized lignin compared to the 1:1 ratio. Increasing the temperature promoted 
lignin depolymerization: solvolysis at 310 °C yielded 88.6 w-% depolymerized lignin, and only 
0.3 w-% char; the respective values when using water only in the same conditions were 13.1 and 
12.6 w-%. Utilizing water-solvent mixtures for uncatalyzed lignin depolymerization gives prom-
ising results. Especially 2-MTHF mixed with water promotes lignin depolymerization and disso-
lution, while char formation is minimal. The reaction mechanisms and kinetics were not the 
scope of this research, but in the future, these aspects will have to be looked into to enable full 
utilization of the proposed protocol for lignin depolymerization.  
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Abstract: Aromatics are among the most important resources for the chemical industry. Many 
materials are made from aromatics and lead to higher or better performance. Brand owners are on 
the search for more sustainable molecules (e.g. bio-based). But also the introduction of higher 
performance and safety issues can be seen as the most important driver for this development.  
Currently virtually all aromatic building blocks are made from fossil oil. This presentation is 
anticipating the expected growing shortage of aromatics from the petrochemical industry and the 
widely shared ambition to green the chemical industry. On top of that one of the main drivers is to 
develop innovative molecules that are safer and more performing. This lecture will give an 
overview of the problems linked to wood-based refineries and the availability of lignin sources. 
Next, it will give an overview of the different approaches worldwide to valorize lignin and to 
produce bio-based aromatic molecules. It will indicate the hurdles, challenges and needs for value 
chain approaches. A nice example in integrated approach is the The Shared Research Center, 
Biorizon. Biorizon, an initiative of TNO, ECN, VITO and the Green Chemistry Campus, develops 
technologies to produce aromatics derived from plant-based (waste) streams. Biorizon brings 
together global leaders (large industry and SMEs) in the fields of feedstock, conversion, 
equipment, building blocks, materials and end-products.  Biorizon aims to be a world leader in the 
development of biobased aromatics to provide the chemical megacluster around the Netherlands, 
Flanders (Belgium) and Nordrhein Westfalia (Germany) with innovative, sustainable building 
blocks leading to many different applications in the products marketed by brand owners and small 
companies. The objective is to make commercial production feasible for industrial partners by 
2025 at the latest. Biorizon utilizes plant-based streams such as wood or its fractions lignin and 
sugars to develop functionalized biobased aromatics for performance materials, chemicals & 
coatings. Biorizon is based on the open innovation methodology, bringing together collective 
intelligence of various industries, companies and knowledge organizations. The multi-disciplined 
technological need, as well as the long term roadmaps based on thermochemical conversion, sugar 
chemistry for furanes and lignin depolymerisation-based chemicals for functionalized aromatics 
lead to a large network of applied research projects with more than 40 industrial partners, sharing 
research, intelligence, investments, risks and workload in different projects. For partners and 
companies that are interested in the Shared Research Center, please join at: 
www.biorizon.eu/community. 
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Recent Developments and Current Situation of Cellulosic Ethanol 
R&D in Brazil 
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Abstract: Brazil is the world’s number two ethanol producer and the leading exporter of fuel 
ethanol using sugarcane as its primary feedstock. Three types of production facilities exist in 
Brazil: sugar mills (only sugar), mills with an attached distillery (sugar and ethanol), and 
autonomous distilleries (only ethanol). However, sugarcane is not only a source of sucrose but 
also of lignocellulosic materials that contain as much as 70% of their mass in polysaccharides such 
as glucans and xylans. In general, one ton of harvested sugarcane produces nearly 140 kg of 
bagasse (dry basis) plus about the same amount of straw (or trash), which is either burned (a 
practice that has been already prohibited in many regions due to its tremendous environmental 
impact) or left in the fields during harvest for soil protection and fertilization. Since sugarcane 
residues are primarily used for cogeneration in conventional bioethanol production plants, there is 
an estimated surplus that can be used as feedstock for bioethanol production and at least two 
demonstration units (Granbio and Raízen) are already in operation to develop and commercialize 
conversion technologies involving feedstock handling and preparation, pretreatment, enzymatic 
hydrolysis and fermentation using highly integrated unit operations. Several authors have already 
demonstrated that cellulosic ethanol has the potential to either increase by 50% or even double the 
ethanol production of one autonomous distillery, which is roughly 75-80 L of ethanol per ton of 
processed sugarcane. However, cellulosic ethanol production competes with electricity generation 
and many authors have stated that sugarcane biorefinery in Brazil is not economically feasible due 
to the current electricity market prices in Brazil, even though a sugar mill and cellulosic ethanol 
biorefinery selling ethanol are probably closer to feasibility than a conventional sugar mill selling 
electricity to the grid. Besides, residues from cellulosic ethanol production (e.g., lignin-containing 
residues obtained after enzymatic hydrolysis) may be used as fuels for cogeneration so as to 
replace part of the mill’s energy needs. In this paper, the current situation of cellulosic ethanol 
R&D in Brazil is discussed along with some recent developments towards more efficient 
production processes. 
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1Research Center in Applied Chemistry (CEPESQ), Department of Chemistry, Federal 

University of Paraná (UFPR), Brazil 
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luiz.ramos@ufpr.br 

Abstract: Currently, several types of lignocellulosic materials are being considered for 
biorefinery applications and among them is Eucalyptus urograndis, a hybrid known for its rapid 
growth and versatility for industrial applications. In this study, E. urograndis wood chips were 
steam-exploded to assess the effect of pretreatment on their chemical composition and enzymatic 
hydrolysis. The experiments were organized in a face-centered central composite design 
(FCCCD) whose conditions ranged from 174 to 216°C and from 4 to 11 min with three 
replicates at the center point (195°C, 7.5 min). Initially, hydrolyses were carried out in 4 wt% 
total solids (TS) with 33 mg enzyme g-1 TS (Cellic CTec2 or CTec3, Novozymes) in acetate 
buffer 50 mM at 50°C and 150 rpm. Hydrolysis experiments were also carried out at 20 wt% TS 
in a Labfors 5 BioEtOH bioreactor (Infors-HT) using a total volume of 2.5 L and 62.5 mg Cellic 
CTec3 g-1 TS. Pretreatment mass recovery yields had an indirect relationship with increasing 
severity factors but glucose yields resulting from enzymatic hydrolysis had an opposite trend. 
The most severe pretreatment condition resulted in the most susceptible substrate for hydrolysis, 
however, the best experimental condition was set at 210°C, 5 min (EC6) because this gave the 
highest final glucose recovery after both pretreatment and hydrolysis. Hydrolysis at 20 wt% TS 
reached 125 g·L-1 of glucose in 72 h and the hydrolysate was easily converted to ethanol with 1 
g·L-1 of Thermossac Dry (Lallemand), reaching above 25 g·L-1 ethanol and productivities of 2.3 
g·L-1·h-1 in 12 h of fermentation. Also, the best steam-treated substrates were delignified with 
0.1-0.5 g NaOH g-1 at 5 wt% TS for 30 min at 80°C, reaching delignification levels above 88%. 
With this, the influence of alkali delignification on the enzymatic hydrolysis of steam-treated 
substrates was assessed. 
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Abstract: Bioplastics are often regarded as eco-friendly alternatives to their fossil counterparts 
that can address current environmental concerns such as climate change, fossil depletion and 
acidification. In order to thoroughly evaluate the environmental profile of bioplastics, it is 
necessary to determine its effect on the environment, the costs involved, the benefits of replacing 
it for a fossil based product, etc. LCA is an effective tool to analyze the complete environmental 
effects of a product or service. A major challenge with LCA studies are the problems associated 
with making a comparative assessment of different approaches. Research on different kinds of 
ligno-cellulosic biomass, alternate thermochemical pathways and most importantly the possible 
final product are constraints in this regard. Noting that LCA applies to a particular type of 
bioplastic product (or prototype), a so called functional unit has thus to be clearly defined at the 
very outset. This will then help set system boundaries and values of key parameter. This paper 
will present the challenges involved in choosing a bioplastic functional unit based on green 
composite applications. 
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Abstract: In the upcoming sustainable bioeconomy era, the biorefinery concept has attracted 
attention in finding value-added uses of co-products and byproducts of one industrial sector by 
creating new bioproducts. More than 300 million tons of lignin per year is being produced both 
from pulp and paper industries as well as emerging lingo-cellulosic ethanol industries. These lignin 
co-products are mainly burnt for energy purposes; the value of which is quite insignificant and 
again, industrial uses of lignin are very limited. A group of researchers at the Bioproducts 
Discovery and Development (BDDC), University of Guelph are developing lignin-based 
biomaterials for new industrial uses. A range of new biobased green composites and blends are 
produced through industrially prevalent extrusion and injection molding processing from lignin 
and bioplastics like polylactides (PLA), polyhydroxyalkanoates (PHA) and polybutylene succinate 
(PBS). A reactive extrusion process in presence of compatibilizer and additives was adopted in 
engineering novel composites of superior performance. In order to use lignin as 
filler/reinforcement in high temperature engineering plastics like biobased polytrimethylene 
terephthalate, PTT; biobased nylon etc. we improved the thermal stability of lignin by pyrolysis. 
We were successful in developing high strength biocomposites from this modified lignin and 
engineering bioplastics which show strong potential for industrial uses. This presentation will 
provide an overview of industrial applications of lignin from consumer products to eco-friendly 
automotive parts.  
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Multi-Criteria Assessment of Biorefinery Implementation Projects: 
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marzouk.benali@canada.ca  
 
Abstract: The Canadian forest industry has already begun to transform itself along four distinct 
lines: market development, operational efficiency, business process change and new product 
development. Such transformation entails the implementation of biorefinery technologies and 
diversifying the product portfolio. However, this introduces new technical, economic and 
environmental challenges and makes it necessary to analyze the performance of such biorefinery 
projects from different perspectives. Hence, developing databases and tools that provide different 
metrics to reflect the technical, economic and environmental performance of biorefinery 
implementation strategies is crucial. Therefore, the objective of this paper is to introduce a multi-
criteria assessment tool, I-BIOREF software, developed by Natural Resources Canada’s 
CanmetENERGY Research Centre in Varennes. The metrics provided by I-BIOREF software 
enable understanding the performance of a given implementation strategy, either the integration 
of biorefinery technologies into pulp mills or the installation of standalone biorefineries, under 
different scenarios. Technical information includes the chemical and utility consumption of the 
pulp mill and the biorefinery technologies. The economic metrics comprises the typical 
profitability measures including internal rate of return (IRR) and return on capital employed 
(ROCE). The environmental results are presented in terms of 16 LCA-based mid-point impact 
categories. To demonstrate the value of I-BIOREF software, an industrial case study is carried 
out on the pretreatment of woody biomass prior to pulping using Hot Water Extraction (HWE) 
technology on standalone basis and integrated with a Canadian softwood Thermomechanical 
Pulping (TMP) mill with a processing capacity of up to 1,000 oven-dry-tonne of softwood. I-
BIOREF software was used to determine the overall amount of utility consumption as well as 
capital and operating costs, profit, and economic and LCA-based environmental metrics. The 
capital investment was estimated to be around 102 million US dollars, and the annual operating 
cost in the order of 51 million US dollars. In the case of the integrated TMP-HWE, the capital 
cost decreases due to the fact that the existing utility system and the recovered waste heat can be 
used to serve the pretreatment process. Moreover, as a result of the extraction of hemicellulose, 
the energy consumption in the TMP refiners decreases. Typical energy and water savings were in 
the order of 20 to 30%, respectively. Based on the results, hot water extraction can be considered 
as a reliable option for biorefineries that transform the extracted C5 sugars into value added 
products. 
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Abstract: The Canadian Council of Forest Ministers (CCFM) is comprised of federal, provincial 
and territorial ministers responsible for forests and is a forum for the respective governments to 
provide leadership and generate actions on forestry related matters for the benefit all Canadians. 
The CCFM is committed to continually advancing innovation in the forest industry to ensure that 
it continues to be a cornerstone in the lives of Canadians. The CCFM has been steadfast in its 
commitment to supporting and advancing forest sector innovation in Canada. Canada’s forest 
sector leads in several important bioeconomy fields and is recognized for its effective, efficient 
innovation system. That said, the CCFM recognizes the critical need for increasing policy 
certainty in order to advance Canada’s forest bioeconomy. With Canada as current Chair, the 
CCFM is developing a Forest Bioeconomy for Canada, set to be delivered this September. The 
CCFM is seeking views from stakeholders across Canada to help shape the future of Canada’s 
forest bioeconomy. Canada’s bioeconomy is considered an area with high-growth potential in 
both urban and rural areas as revenue growth over the last ten years averaged 10 percent per 
year. The Pan-Canadian Framework on Clean Growth and Climate Change states that the global 
market of low-carbon goods and services is worth over $5.8 trillion. The challenge is to realize 
this potential. The need to address climate change presents an opportunity for the forest sector 
over the medium term. As bioproducts become a key part of the bioeconomy, an increased 
market pull for low-carbon solutions is anticipated, and the forest sector is well-positioned to 
deliver. With Canada’s population expected to increase by nearly 18 percent by 2030, and the 
global population expected to reach 8.3 billion by that same year, there is growing pressure on 
forests to continue to provide a range of goods and services that support communities. Canada’s 
environmental credentials in forest management represent our completive advantage. Forest 
resources should be managed in a sustainable manner adding maximum value, including by 
reusing materials to preserve natural capital stocks and respecting the services and cultural value 
they provide. The proposed Forest Bioeconomy Framework includes a clear vision, guiding 
principles, pillars of Canada’s bioeconomy, and outlines a comprehensive suite of policy action 
areas for creating more effective enabling environment to grow Canada’s forest bioeconomy. 
The vision is clear: for Canada to be recognized as a global leader in the forest bioeconomy.. The 
proposed policy action areas include: standards and regulations, innovative financial 
mechanisms, R&D support, communications and outreach, investment grade data, public 
procurement, and skills and relationships. 
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Abstract: Fibers from cellulosic fibers, such as rayon and Lyocell, are increasingly used to 
enhance the comfort and softness of nonwoven products. Viscose rayon is a wet-spun fiber from 
regenerated cellulose produced by xanthation of dissolving pulp or cotton linters using a toxic 
carbon disulfide (CS2). During the spinning process of rayon manufacturing, this toxic 
compound is released and has to be captured and recovered to minimize the hazardous impact on 
human health. To eliminate the above environmental problems, we have developed a new 
process for production of textile yarns. The process involves chemical modification of cellulose 
without the use of CS2 based on a known process of periodate oxidation which we have 
modified to obtain water-insoluble fibers with a low degree of aldehyde groups. The chemically 
modified fibers were cross-linked with chitosan and extruded to regenerate the cellulosic fibers 
in the form of textile yarns. The properties and potential applications of these new textile yarns 
will be discussed. 
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Abstract: Humic acid is a model compound of sewage sludge that occurs as a result of decaying 
organic matter in soil, wastewater and water bodies. Gasification of humic acid was performed in 
subcritical and supercritical water at variable temperatures (325-600°C), feed concentration (10-
25 wt%) and reaction time (30-90 min). High H2 yield of 0.79 mol/kg was obtained from humic 
acid gasification at 600°C, 15 wt% humic acid and 75 min. Catalysts such as K2CO3, Ni/Al2O3–
SiO2, FeCl3 and ZnCl3 were examined to enhance H2 production and humic acid degradation. H2 
yield increased exponentially with rising FeCl3 concentration, whereas Ni/Al2O3–SiO2 and K2CO3 
decreased H2 yield due to bimolecular condensation reaction and catalyst deactivation. Maximum 
yield of H2 (4.09 mol/kg) and total gases (6.20 mol/kg) were obtained with 15 wt% humic acid 
and 15 wt% FeCl3 at 600°C and 75 min. High temperatures and high FeCl3 loading enhanced 
humic acid gasification with higher gas yields. Different Lewis acid catalysts (AlCl3, CaCl2, 
CuCl2, FeCl3, NiCl2 and ZnCl2) were also tested for enhancing humic acid gasification. 15 wt% 
of Lewis acid catalysts loading significantly improved H2 yields (2.79-11.03 mol/kg), total gas 
yields (4.72-15.44 mol/kg), carbon gasification efficiency (5.7-12.4%), H2 gasification efficiency 
(40.9-141.6%), energy recovery (8.8-33.79%) and lower heating value of gas products (22.4-72.3 
kJ/Nm3). The activity of Lewis acids was in the order: CaCl2 < ZnCl2 < FeCl3 < CuCl2 < NiCl2 < 
AlCl3. The addition of Lewis acid catalysts led to an increment in H2 yield due to ring-opening 
reaction and gasification of intermediate compounds. High catalyst loading promoted the 
degradation of humic acid with greater gas yields and fragmented surface morphology of char 
residues. The results suggest that humic acid is a potential feedstock for H2 generation through 
supercritical water gasification. Significant cost and energy savings could be achieved through 
hydrothermal gasification of humic acid due to the facts that the reaction medium of gasification 
is water and sewage sludge has high inherent water content. 
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An Overview of the LignoForce SystemTM for Lignin Production 
from Black Liquor, the Lignin Product and Emerging High-value 

Applications    
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Abstract: Several processes exist for the recovery of lignin from black liquor. These include: the 
MeadWestvaco process developed over 60 years ago, the LignoBoost™ process, a process 
developed by STFI (now called RISE Bioeconomy) and licensed to Metso (now called Valmet) 
and the LignoForce system™ jointly developed by FPInnovations and NORAM. A unique 
feature of the LignoForce™ process is that the black liquor is oxidized prior to the addition of 
carbon dioxide, under controlled conditions, with respect to oxygen charge, temperature and 
time. Under these conditions, malodorous sulphur compounds are destroyed, chemical 
requirements are reduced, lignin filterability is improved and purified lignin is recovered at high 
solids content. For the purpose of evaluating lignin recovery from a wide range of black liquors, 
in 2012, FPInnovations and NORAM built a lignin demo plant at the  Resolute kraft pulp mill in 
Thunder Bay, Ontario, for the production of 100 kg of lignin per working day. Based on the data 
generated at the Thunder Bay demo plant, a commercial lignin plant, using the LignoForce™ 
technology, was built by West Fraser at its Hinton pulp mill in Alberta, Canada, for the 
production of 30 tonnes of softwood kraft lignin per day. This system was successfully started up 
in March 2016. The objective of this paper is  to provide an overview of: 
1) the main features of the LignoForce SystemTM, in terms of unit operations, general layout and 

chemicals required  
2)  the main features of LignoForceTM lignin produced from different black liquors in terms of 

morphology, chemical composition, odour profile, main functional groups, molecular weight 
distribution and thermal properties 

3) several emerging high-value applications of LignoForceTM kraft lignin including: a) as a 
replacement of phenol and/or phenol formaldehyde (PF) in PF resins for wood adhesives, b) as a 
replacement of polyols in rigid polyurethane (PU) foams for insulation purposes, c) as a component in 
thermoplastics and d) as a dispersant or flocculant in various applications after conversion to water-
soluble polymers. Special emphasis will be given to the impact of various chemical and structural 
features of lignin on lignin product processability and physical properties.   
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Abstract: Domtar is committed to continuing and even expanding our leadership  role in the 
development and eventual commercialization of the Forest Based Integrated Bio-Refinery.   As 
such, our Approach and Strategic Drivers are constantly being reviewed and renewed with 
lessons learned, both positive and negative.  We also remain very much engaged to on-going 
collaboration and partnership with Canadian based research and technology organizations.  We 
will actively participate as partners and enablers in the development and demonstration of 
requisite new technologies. We lead in order to secure advantage in future commercialization/ 
deployment stages with multiple projects, collaborations, technology platforms, and new 
products.  Our strategy is based on a “balanced” blend of (tactical vs strategic), (internal vs 
external drivers), (big versus small), (short-term versus long term), (high versus low risk/reward) 
approach.  
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Abstract: One of the major technical obstacles to the practical use of biodiesel fuel is its cold 
flow properties.  Although attempts have been made to determine the correlation between the 
cold filter plugging point (CFPP) and the fatty acid methyl ester (FAME) profiles, the proposed 
models are valid only for certain combinations of feedstock oils.  In this study, the contributing 
coefficients of individual saturated FAMEs used in predicting the CFPP were quantified 
statistically.  Quantification was based on 303 most widely used biodiesel blends (125 from this 
work and 178 collected from previous studies) of 15 edible, non-edible, or low-molecular-weight 
oils and animal fats. Results were based on a stepwise multiple regression method with the 
objective of finding the variables that best fit the CFPP data.  The obtained models were 
compared with other existing models for a better understanding of the dependence of the CFPP 
on the FAME profile of the biodiesel blends.  
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Abstract: The stabilization of kaolin slurries is a crucial step in the production of cosmetics, 
ceramics, paints and coating formulas in order to obtain stable and homogenous colloidal 
systems. Dispersants have been widely used in the stabilization of kaolin dispersions. Although 
synthetic dispersants are effective, there are concerns about their non-biodegradable nature and 
health impacts, and as such, there is a strong incentive for producing green dispersants. In this 
work, the performance of carboxymethylated xylan (CMX) as a dispersant in kaolin dispersions 
(20 g/L) was systematically investigated. The influence of process parameters, such as dispersion 
pH and CMX dosage on the kaolin dispersions was also determined. Adsorption studies revealed 
that CMX had a maximum adsorption of 2.48 mg/g on kaolin particles under the treatment 
conditions of pH 6, 15 mg/g CMX/kaolin, 30°C and 30 min. The minimum zeta potential of -33 
mV and the highest stability for the kaolin dispersions were found under the same treatment 
conditions using photometric dispersion, vertical scan analysis and turbidimetry. Isotherm and 
kinetic studies revealed that the adsorption of CMX on kaolin particles tended to significantly 
impact the zeta potential and relative turbidity of the kaolin dispersion, but the zeta potential did 
not necessarily predict the high stability of the kaolin dispersion. CMX improved the stability of 
the kaolin dispersions more than unmodified xylan (UX) and mechanical stirring.  
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Abstract: Continuous and uninterrupted supply of biomass is important for all types of end-
users including the emerging bio-auto products and biofuel industries. In this context, the 
University of Guelph, in collaboration with BioFuelNet Canada, Ontario Ministry of Agriculture, 
Food and Rural Affairs (OMAFRA) and Canadian Wood Fibre Centre has set-up long-term 
biomass energy crops research sites in the provinces of Alberta, Ontario and Nova Scotia. Sites 
were established in 2009 and in 2014 to study the yield responses of five commonly grown 
energy crops in Canada; switchgrass miscanthus, poplar, willow and polyculture (containing 
switchgrass, indiangrass, big bluestem and little bluestem). When long-term yield responses 
were examined, miscanthus yield significantly increased from 5.96±1.06 odt ha-1 y-1 in 2011 to 
17.03±8.1 odt ha-1 y-1 in 2014. Willow yield also increased from 3.21±2.92 odt ha-1 y-1 in 2011 to 
12.15±4.94 odt ha-1 y-1 in 2014. Among all other tested biomass species; polyculture, 
switchgrass and poplar, they recorded numerically higher yields during the mature growth stage 
(2013/2014) but failed to reach statistical significance (p > 0.05). Soil Organic Carbon (SOC) 
was not influenced by tested biomass species within the study period from 2009 (baseline) to 
2014. In relation to nutrient cycling, poplar leaf litter input from poplar clone NM6 was 
relatively higher than the input from clone DN34 on all sites, except for the Edmonton site. The 
highest input was seen at the Kemptville site (NM6 - 3063 ±1035 kg ha-1, DN34 - 2583 ± 465 kg 
ha-1) and lowest at the Edmonton site (NM6 - 136 ± 59 kg ha-1, DN34 - 323 ± 179 kg ha-1). 
Poplar leaves in general contributed higher quantities of N (18-38 kg ha-1 yr-1) relative to K (10 
kg ha-1 yr-1) and P (3-5 kg ha-1 yr-1). Results, to-date, suggest that energy crop yields are 
significantly influenced by eco-climatic conditions and that economic yields can only be 
achieved beyond three years after establishment. Nutrient cycling is a vital ecosystem process 
contributing to sustainable biomass yields. SOC accumulation can only be realized beyond four 
to five years after establishment.   
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Conversion of Bark Residues to Adhesives, Polyols, PU Foams, and 
Epoxy Resins 

 
Ning Yan 

Faculty of Forestry, University of Toronto, Canada, ning.yan@utoronto.ca 
 
Abstract: Being a biomass residue material available in large quantities, bark contains all major 
types of wood polymers plus polyphenols and other extractives.  With its unique physical and 
chemical characteristics, bark is well suited to be converted into chemical precursors to synthesize 
a wide range of chemical products substituting petroleum-derived feedstock.  We have developed 
bark extraction and liquefaction, and extractive conversion technologies to use bark as feedstock 
for making a wide range of industrial chemical products. We have successfully produced bark-
based PF wood adhesives, bark-based polyols and PU foams, and epoxy resins achieving 
comparable performance to commercial fossil fuel derived products. These environmentally 
friendly bio-based products have potential applications in a number of industries ranging from 
construction to automotive sectors. An overview of these conversion platform technologies will 
be given in this seminar together with some fundamental understanding of the compositional and 
performance characteristics of the resulting novel bark-based chemical products. Opportunities 
and challenges associated with commercialization efforts of these products will also be discussed. 
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Improving Toughness on Poly (Lactic Acid) (PLA) 
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Abstract: Poly lactic acid is a commercially available compostable bioplastic with excellent 
tensile strength and modulus, but lacking of tensile toughness evidenced as a low elongation at 
break (~2%). This limits the wider adoption of PLA as a replacement of petroleum based 
polymers on applications where toughness is required. This research demonstrates the possibility 
of improvement of tensile toughness of PLA by reactive blending with glycerol based polyesters. 
Poly (glycerol succinate-co-maleate) (PGSMA) polyesters were synthesized in a green synthesis 
procedure, in absence of solvents or catalysts. These sustainable polyesters were synthesized 
employing glycerol and succinic acid which are monomers produced industrially in Ontario from 
biological resources in a biorefinery concept. Glycerol is the co-product of the biorefinery 
industry of vegetable oils and fats for the production of biodiesel whereas succinic acid is 
produced from fermentation of biomass resources. After the addition of 20 wt% of PGSMA to 
PLA by means of reactive extrusion mediated by free radical initiators the tensile toughness of 
PLA was improved by 1600% (from 2.6 to 41.6 MJ/m3). Simultaneous crosslinking and graft 
copolymer formation of PGSMA within PLA matrix caused the formation of a finely dispersed 
PGSMA phase acting as stress concentrator on PLA. With this, the brittleness of PLA was 
overcome and the final 80/20 wt% PLA/PGSMA blend displayed an elongation at break of 
150% and a tensile strength and modulus 39 and 27% lower than neat PLA. Thus, by the 
addition of biobased PGSMA polyesters to PLA a biobased blend material with an improved 
stiffness-toughness balance was produced. 
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Synthesis of Polyhydroxyalkanoates (PHAs) Production from 
Vegetable Oil by Pseudomonas chlororaphis Strains PA23 and 

PA23-63 
 

Parveen K. Sharma, Riffat I. Munir, and David B. Levin 
Department of Biosystems Engineering, University of Manitoba,  

Winnipeg, Manitoba, Canada, R3T 5V6, parveen.sharma@umanitoba.ca  
  
Abstract: Polyhydroxyalkanoates (PHAs) have attracted extensive interest as environmentally 
friendly biodegradable plastics. Many bacteria synthesize short (SCL) and medium chain length 
(MCL) PHA polymers as carbon and energy storage reserves when they are grown under nutrient-
limitation Characteristics of MCL-PHA resemble those of elastomers, latexes, and resins. 
Pseudomonas chlororaphis strain PA23 was isolated from soybean root and was able to protect 
canola from stem rot disease caused by the fungal pathogen Sclerotinia sclerotiorum. This 
bacterium secretes a wide-range of compounds, including the antibiotics pyrrolnitrin, phenazine 
1-carboxylic acid (PCA), and 2-hydroxyphenazine (2-OH-PHZ), together with chitinase, protease, 
lipase, and siderophores. Synthesis of PCA conveys this strain with a bright orange color. P. 
chlororaphis PA23 can grow octanoic, nonanoic acid as well as  in canola oil and produced 1.56-
2.61 g/L cell dry weight and accumulated PHAs from 10.6% to 28.3% of cell dry weight (cdw). 
P. chlororaphis PA23-63 is a non-pigmented strain derived from PA23 that does not synthesize 
PCA. We have determined that P. chlororaphis PA23-63 was also able produce 2.42-5.14 g/L cell 
biomass and accumulated PHA from 11.7% to 32.5% of cdw from octanoic acid, nonanoic acid, 
waste fryer oil, and canola oil. Recombinants of P. chlororaphis PA23-63 are being constructed 
to produce PHAs with novel monomer composition from directly from vegetable oils.  
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Abstract: The main objective of the La Tuque biorefinery project is to valorize the about 
1.2 million metric tons of forest residues originating from regular forest harvesting of 
Quebec forest area 04 (the “Haut-Saint-Maurice”).  However, notwithstanding many 
myths, as for instance: “We do not have enough biomass1” or “Commercialization of large 
scale production of lignocellulosic fuels is just around the corner1”, the reality remains that 
such a large scale project requires – and it is not just necessary but mandatory – an in-depth 
due diligence techno-economic evaluation.  The thorough evaluation of all project facets 
is needed not only to select the best available process line but also to validate the 
availability of biomass delivered at the biorefinery at a low cost and over a long period of 
time, i.e. 25 years, exceeding the amortizing period of such projects. The political aspects 
are first related to the regulations concerning the biomass availability at a reasonable cost.  
The second but most probably the most important one, is related to the existence or not of 
a mandate for inclusion of biofuels in regular fuels.  There is a need for a political coherence 
between the “political announcements” and the regulations.  Our experience proves that no 
significant investments will occur is the mandates are not clear and ambitious.  A rather 
stunning counter-example is Finland which seems to attract such investments.  The 
presentation will outline the La project and use it as a case study to elaborate on all the 
techno-economic-political aspects, all required to successfully develop in Canada both the 
bioeconomy and the bioenergy industries. 1 Titles of actual presentations to be made at the Advanced 
Biofuels Conference in Goteborg, Sweden, May 17-19, 2017 
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Abstract: In today’s kraft pulp production, lignin in the wood is separated and used to 
produce energy to drive the processes in the mill which, in modern pulp mills, results in a 
significant energy surplus. Excess lignin in kraft pulp mill can instead be extracted using a 
newly developed, industrially implemented processes. During the last years three industrial 
kraft lignin production plants have been installed. RISE has since late 1990-ies developed 
lignin separation from black from idea to an industrial process. We have for over 10 years 
been working on several kraft lignin applications. The key here is to tailor the lignin 
properties for a specific application. This presentation will address:  

• Some consequences for pulp mill by extracting various amounts of lignin, such as the 
sodium/sulphur-balance, will be discussed. 

• Critical issues in the development of a lignin separation concept where lignin is 
planned to be used as a powder fuel, i.e. lignin handling and drying. 

• Lignin applications are still under development and new applications are needed to 
justify installation of lignin separation plants. The advantage with lignin separation is 
that there is huge opportunity to tailor process condition tailoring the lignin properties 
for each lignin application. The applications to be covered are incineration, carbon 
fibres, aviation fuel and applications where lignin odour is critical.   
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Crude Tall Oil: Characterization and Biodiesel Production using 
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Abstract: This study aims to characterize and utilize crude tall oil (CTO) as a low-cost 
feedstock and synthesis biodiesel using liquid lipase Novozymes Eversa Transform. A 
comparison study of biodiesel production from CTO using acid catalyst and lipase Eversa 
Transform was carried out. The study revealed the correlation between the physicochemical 
properties of CTO and its thermal and rheological behaviors. The point of interception of storage 
modulus (G′) and loss modulus (G′′) determined the glass transition temperature (40°C) of CTO 
that strongly correlated with its melting point (35.3°C). The flow pattern of CTO was modeled as 
Herschel-Bulkley, a non-Newtonian fluid. Biodiesel was produced by direct (in-situ) 
esterification of the fatty acid contained in CTO with methanol, followed by fractional 
distillation to separate the fatty acid methyl esters (FAME) fraction (biodiesel) from the rest of 
the CTO components. Enzymatic esterification of CTO with Eversa Transform (Novozymes) 
yielded 96.3% of biodiesel while 97.1% of biodiesel was produced from CTO using a sulfuric 
acid catalyst.  Although comparable biodiesel yields were obtained, the enzymatic approach 
offers some apparent cost and environmental benefits. To the best of our knowledge, this is the 
first report in literature on enzymatic conversion of CTO to biodiesel. 
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Abstract: Forest-based biorefinery development in Canada and other forest sector intensive 
jurisdictions continues to be slow. The analysis to be presented explores the relationships between 
the policy, technology, infrastructure and innovation environments and how these interactions can 
constrain or advance the development of forest biorefineries and the forest bioeconomy. Findings 
from the research will identify the importance of the policy environment as a key enabler for 
technology, infrastructure and innovation to interact and combine to create ‘whole tree’ utilisation 
approaches to foster interrelationships and interactions that can be effective replacements for 
traditional, declining forest products industries and become the foundation for new forest 
biorefining environments. The presentation will summarise analysis of forest bioeconomy policy 
initiatives in Canada, Sweden and Finland, and explore the outcomes to date. As well, the 
presentation will illustrate how initiatives intended to preserve and support the continuation of 
existing, traditional industries can frequently act as inhibitors to the needed interaction between 
technology, infrastructure and innovation and facilitation of new ‘whole tree’ approaches. 
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Integrated Possibilities of Producing Chemicals and Biofuels in 

Chemical Pulping   
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Abstract: Several industrial areas are striving after the creation of new strategies to promote a 
gradual shift toward a more efficient utilization of various carbon dioxide-neutral lignocellulosic 
feedstocks while simultaneously decreasing the use of fossil resources. The forest sector including 
the production of chemical pulp is an important global branch of industry. Its overall efforts to 
increase the large-scale utilization of wood feedstocks more effectively also help to chance over 
to an economy where the use of renewable raw material is optimized. The biorefinery concept can 
be simply defined as a process for fractionating and/or converting biomass (containing cellulose, 
hemicelluloses, lignin, and extractives) in an ecosystem-friendly way through advanced 
technologies into solid, liquid, and gaseous bioproducts. The main principle is to maximize the 
value of biomass, and, on the other hand, to minimize the production of waste. A general 
prerequisite for finding realizable biorefinary process concepts is that all the feedstock constituents 
are taken into account when planning target-oriented economic ways of producing potential 
products. During the established kraft pulping roughly half of the initial wood substances degrade 
and dissolve into the black liquor which after concentration is burned as fuel in the recovery 
furnace for the recovery of cooking chemicals and energy. However, in a modern kraft process, 
when surplus energy generated from the burning of black liquor is available, partial recovery of 
the organic materials removed from feedstock during pulping may offer an interesting alternative 
to using them as low-value fuel. This approach provides that feasible methods of separation exist 
and new products, such as value-added specialty and commodity chemicals can be marketed. In 
this presentation, general aspects on the novel possibilities with some selected examples of an 
integrated production of fibers, biochemicals, and bioenergy from wood-based chemical pulping 
are given. Both alkaline and acidic processes, such as the pretreatments of chips prior to alkaline 
pulping, are included and the emphasis is on the recovery of carbohydrates- and lignin-derived 
fractions from the process liquors obtained. In addition, thermochemical treatment of kraft black 
liquor as well as tall oil soap is briefly discussed. 
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Abstract: Waste biomass as a renewable and sustainable precursor can be converted to fuel 
pellets using bio-based additives. These pellets can be used for co-gasification/combustion with 
lignite coal in power plants. From an economical point of view, use of cheap, abundant, and 
effective ingredients including precursor and additives is necessary for pelletization industry. 
Saw dust, canola hull, oat hull, and canola meal are used as precursor for this study. To produce 
the pellets from the biomass precursors, abundant bio-based additives are used. This study 
included the physico-chemical characterizations of precursors, optimization of pellet formulation 
(including precursor, binder, lubricant, and moisture contents), and an investigation on the 
effects of the palletization conditions (palletization temperature, pressure, and relaxation time) 
on the pellet quality. The optimized formula was specified based on the mechanical strength 
(durability and hardness), density, heating value, and moisture adsorption of pellets. Experiments 
showed that an increase in lignin and amino acid content (in the range of 0-10 wt%) enhanced 
the mechanical strength of pellets significantly. For example, durability of oat hull pellets 
containing 10 wt% lignin increased from 76%  to 99% by addition of 10 wt% amino acid. 
Lubricant characteristic of glycerol was useful in decreasing energy required for palletization. At 
severer palletization operating conditions, an improvement was observed in the density of 
pellets. Density of pellets made from canola hull at severe operating conditions reached up to  
~1060 kg/m3. There was no significant change in durability of pellets based on the palletization 
operating conditions used. Moisture adsorption of pellets measured at 90% humidity and 30 oC 
was in the range of 16-29 wt% depending on the formulation used. The gasification of biomass-
based pellets using different gasifying agents (steam and oxygen) in a fixed-bed reactor is 
performed and produced HHV in the range of 40-50 MJ/m3. 
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Abstract: The bio- and circular economy are becoming more and more reality and the use of 
lignocellulosic feedstocks will play an important role in the transition from fossil to biobased. 
Lignocellulosic biomass is very rich in valuable components, such as carbohydrates and lignin, 
and can serve as a sustainable biobased feedstock for the production of biobased chemicals and 
derived products thereof. At Wageningen Food & Biobased Research we focus on the 
development of sustainable processing of biomass via biochemical and/or chemo-catalytic 
conversion of biomass components into target molecules and products for industrial 
manufacturing. In this presentation several options for upstream biomass conversion of 
lignocellulosic biomass into lignocellulosic fibres, fermentable sugars and lignin will be 
discussed. We will demonstrate our lab to pilot scale biorefinery set-up for processing of various 
recalcitrant biomass materials such as wood, wheat straw or sugar cane bagasse. Some of this 
processing involves innovative enzymatic treatments, which make use of existing/well-described 
enzymes in more efficient/affordable applications by improving enzyme stability and 
recyclability. We will also describe in detail our proprietary downstream fractionation methods 
for  lignin partitioning into smaller, more defined, oligomeric fractions and conversion to 
valuable aromatic compounds. The potential for the use of lignin derived fractions in various 
applications such as resins, coatings and polymer applications is demonstrated. For the efficient 
conversion of the different sugars released from the biomass, we will describe various 
bioconversion technologies using enzymes, single microorganisms or mixed cultures, to produce 
high-value chemicals/ingredients such as C6-C20 (hydroxy)fatty acids, amino acids and alcohols 
for various applications in the chemical, material, fuel and food industry. Lignocellulosic 
biorefinery can make the difference only when all components will be valued in an integrated 
approach. 
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Abstract: Extensive research is being carried out in the field of biorefining to utilize carbohydrate 
sugars like starch and cellulose to produce various products not only bioethanol but also value 
added chemicals. Some bio-based industries like BioAmber and GFBiochemicals have already 
established commercial scale plants to produce succinic acid (30,000 T/a) and levulinic acid (2,000 
MT/a), respectively. Starch based substrates that can potentially effect food costs and security have 
been used as the feedstock for the production of these chemicals. The second most abundant 
carbohydrate polymer, hemicellulose in lignocellulosic biomass, has the potential to be used for 
such purposes. However, its complex composition of pentose and hexose sugar, inhibitory 
compounds produced during its hydrolysis and low metabolic conversion by microbes like yeasts 
limit its utilization. In the present study, we have demonstrated a method to produce high value 
chemicals like levulinic acid and succinic acid from the wood hemicellulose with the yields of 
>95% and 50%, respectively. A suitable solvent and acidic catalyst has been used to limit 
unwanted side reactions and to drive the reaction towards our desired products. The major 
advantage of this procedure lies in the usage of heterogeneous acid catalyst, Amberlyst 15 which 
can be reused. As the lab process resulted in high yields, it can potentially be scaled up and 
evaluated for further increase in productivity and confirm its economic feasibility.   
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Abstract: The booming of biodiesel industry all over the world has led to generate a large amount 
(10% v/v) of crude glycerol, created an oversupply problem. Herein, we compared the product 
concentrations of major metabolic products attained from pure and crude glycerol 
biotransformation process using an adapted mutant strain Klebsiella variicola SW3. Real-time 
qPCR and glycerol dehydrogenase (GDH) enzyme activity assay revealed that the overexpression 
of GDH gene resulted in an increased GDH enzyme activity, led to a markedly boosted 2,3-
butanediol (2,3-BD) production. Based on these results, the SW3 strain obtained from wild type 
strain Klebsiella variicola SRP3 displayed a 1.39-fold increased 2,3-BD production of 82.5 g/L 
from 59.3 g/L, yielding 0.62 g/g using pure glycerol. However, in a batch culture, a final 33.5 g/L 
of 2,3-BD of was accumulated within 96h from 50 g/L glycerol.  Moreover, the strain SW3 
withstanding high concentration (200 g/L) of crude glycerol displayed 64.9 and 29.25 g/L 2,3-BD 
in fed-batch and batch cultures respectively. Therefore, this bioconversion of crude glycerol to 2,3-
BD –a value-added green product with potential industrial applications as a liquid fuel or fuel 
additive would represent a remarkable alternative to add value to the biodiesel production helping 
biodiesel industries development. 
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Abstract: The major building blocks of cellulose fibers are cellulose nanofibers, which consist of 
alternating crystalline and amorphous cellulose regions. Cellulose nanocrystals (CNC), also called 
cellulose nanowhiskers or nanocrystalline cellulose (NCC), can be extracted from cellulose fibers 
by acid hydrolysis with sulfuric acid, which breaks down the amorphous regions in glucose sugars. 
This produces rod-like particles with a length of about 100-200 nm and a width of 5-10 nm. These 
particles are extremely strong and can be used for multiple applications. They usually have a low 
surface charge density and coagulate in the presence of salt. Their surface can be modified by 
grafting functional molecules or oligomers to the surface. Instead of breaking down the amorphous 
regions, it is also possible, after a suitable chemical modification, to solubilize the amorphous 
regions, after which the nanofibers fall apart in nanocellulose particles with chemically modified 
cellulose chains protruding from both ends. This process is shown schematically in Figure 1. We 
performed three types of chemical modification (1-4), which lead to sterically stabilized 
nanocrystalline cellulose (SNCC), eletrosterically  stabilized  NCC  (ENCC)  and  electrostatically  
stabilized  cationic  NCC  (CNCC). Suspensions of such particles are extremely stable and can be 
readily dried into a powder and redispersed. Because the protruding chains contain aldehyde, 
carboxylic or amine groups, they can be readily modified chemically to produce nanoparticles with 
desirable functional groups. Preparation and characterization of these particles by TEM, AFM, 
XRD, FTIR, DLS, ELS and electroacoustics will be discussed, as will be their cytotoxicity. Such 
particles can find applications in strong transparent films, superhydrophobic films, as flocculants 
and as drug carriers. 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Schematic of  producing either 
conventional cellulose nanocrystals 
(CNC) or hairy nanocellulose (HNC) 
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Abstract: Underutilized lignocellulosic biomass can be used as a sustainable and economical 
alternative to petroleum-based chemicals and materials. These biomass resources are accessible 
through waste streams from agricultural, forestry, biofuel, and pulp and paper industries. We are 
establishing chemo-enzymatic pathways to enhance the reactivity, and promote the reassembly, of 
hemicellulose and lignin fractions, producing building blocks for polymer synthesis and bio-based 
resins. In particular, carbohydrate oxidases were characterized and engineered to improve enzyme 
performance (e.g. higher turnover numbers and lower substrate inhibition) on hemicellulose-
derived sugars. These enzymes are able to convert neutral and monoacidic fractions of hardwood 
and softwood hemicelluloses into bifunctional oligosaccharides. Corresponding oligosaccharides 
were then chemically derivatized in mild conditions to produce high molecular weight building 
blocks, capable of polymerizing to novel biopolymers. In parallel, we demonstrate that petroleum-
based phenol can be replaced with unmodified steam explosion corn stover lignin, which is 
beneficial to the synthesis of bio-based resins. The chemo-enzymatic approaches being developed 
herein facilitate targeted modification of underused lignocellulose fractions, enabling broader use 
in bio-based materials, resins and platform chemicals.   
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Abstract: Increasing productivity of microbial processes targeting production of value-added bio-
products is a major focus of bioprocess development. For medium chain length polyhydroxyalkanoates 
(mcl-PHAs), a potentially valuable biodegradable and biocompatible bio-polymer, this is often done 
using high cell density cultures. During such processes, gas-to-liquid mass transfer of oxygen is often 
rate limiting, and the mass transfer coefficient is increased through bioreactor aeration and mixing 
intensity. We have observed that during high cell density cultivation of Pseudomonas putida LS46 the 
rheological properties of the cultivation medium change significantly over time, with more than a ten-
fold increase in apparent viscosity (at a shear rate of 10 sec-1) for cell densities ranging 0-25 g/L CDM. 
Shear thickening behavior was observed for all samples beyond a certain minimum yield shear rate of 
95 sec-1. Up to that point the behavior of samples with a cell concentration of less than 10 g/L CDM was 
approximately Newtonian (<10 g/L CDM) and slightly shear thinning for cell densities beyond 15 g/L 
CDM. Many inverse correlations have been previously established between medium viscosity and kLa. 
This data indicates that increasing the bioreactor mixing intensity beyond the onset of shear thickening 
could have a detrimental effect on kLa, and productivity, during high cell density mcl-PHA cultivation 
processes. 
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The Evolving Role of the Biorefinery in Meeting Canada’s Climate 
Goals”  
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Abstract: The biorefinery has long been touted as a means of meeting greenhouse gas emission 
reduction targets while diversifying rural economies.  Most commentators focus primarily upon 
bioenergy and biofuel outputs from the biorefinery; the potential for bioproducts to help reduce 
GHG emissions has been less well understood.  This presentation will look at a range of advanced 
bioproducts associated with the biorefinery and place them in context of product portfolios.  The 
role that these bioproducts may play in reducing GHG emissions will be explored, and their overall 
contribution to Canada’s GHG emission reduction challenge will be anticipated.  The presentation 
finishes with a series of recommendations for future product development to support the 
implementation of biorefining practices across Canada. 

mailto:mabeew@queensu.ca


International Forest Biorefining Conference (IFBC)     
May 9-11, 2017             
Thunder Bay, Ontario, Canada           

 
 

2017 IFBC - Abstract Submission Form   
 

Advanced Electrochemical Technologies for the Extraction, 
Modification and Degradation of Lignin  

 
Xin Chang, Aicheng Chen 

Department of Chemistry, Lakehead University, Canada, xchang1@lakeheadu.ca  
 
Abstract: Lignin is an amorphous, aromatic polyphenolic macromolecule composed of phenyl 
propane units, and constitutes ~20% of hardwoods and ~30% of softwoods. Lignin and lignin 
derivatives are major by-products of pulp and paper mill. Lignin may serve as a feasible raw 
material for the production of myriad valuable substances, including activated carbon, vanillin, 
vanillic acid, dispersing agents, ion-exchange agents, polymer fillers, binding agents for the 
production of fibre boards, and complexing agents. Various methodologies, including chemical, 
biological, photochemical, and electrochemical techniques have been explored for the 
modification of lignin in the production of value-added products. Electrochemical technologies 
are promising for the synthesis and treatment of complex organic substances, due to the notable 
advantages like environmentally compatibility, mild operation conditions and easy scale-up. In 
this presentation, a green electrochemical lignin extraction process from black liquor will be 
presented. Owning to water electrolysis, the pH in the black liquor solution was lowered to 4.0 
without the addition of acids or carbon dioxide, resulting in pH-dependent lignin precipitation. 
Over 70% of the chemical oxygen demand removal was achieved due to the extraction of lignin. 
In addition, the development of nanostructured catalysts for the electrochemical oxidation and 
photochemical modification of lignin will be highlighted. Our study has shown that the 
integration of electrochemical and photochemical oxidation, enabled by bifunctional electrodes, 
offers a promising strategy for the conversion of lignin to value-added products. Moreover, 
titanium dioxide (TiO2) nanotubes which we have recently fabricated and modified exhibited 
high catalytic activity towards the electrochemical oxidation of lignin. The effect of the length of 
the (TiO2) nanotubes on the lignin degradation will be discussed.  
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