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1Academic development strategy – environmental 
resource valorization 
ALLAN NIIDU 
Department of Engineering, Virumaa College, Tallinn University of Technology 

TalTech has developed a strategic plan to advance societal impact of scientific research 
carried out under its auspices. All-in-all several interdisciplinary strategic development core 
groups have been introduced to improve university’s ability to respond to the society’s needs 
and better govern the response process inside the university. One of the core groups 
specifically deals with the valorization of natural resources, e. g. mineral resource like rare 
earth metals or new materials from biomass. Interdisciplinarity is ensured by including 
representatives from various departments of the university with different scientific 
background and thus enabling a much broader view of the possible problems one may 
encounter when trying to bring R&D results into the use of society at large. The approach also 
lets the university to respond swiftly to the existing and future demands for scientific 
endeavor and plan its R&D actions accord with societal needs. In the course of current 
presentation an overview of TalTech’s general development plan from R&D perspective. 
Natural resources valorization development plan is presented in a more detailed fashion. 
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2Estonian forest and forestry 
KRISTEL JÄRVE 
Consultant 

Estonia is a forest rich country – by the share of forest area from land area it ranks to 5th 
place in Europe according to the Forest Europe and FAO1. According to National Forest 
Inventory (NFI) 20202 more than half of Estonian mainland is comprised of forest land (51%), 
followed by agricultural land (27%) and leaving all other land categories far behind. 
Historically the share has been higher (until 16th century when first sawmills started to work), 
but last cenuries much lower (e.g. year 1887 the forest percentage was only 24,4 in Livonia 
and 19,8 in Estonia)3. The big increase in the forest area has been during the last 70-80 years 
– more than 1.5 times (from 1,47 mln ha to 2,3 mln ha) due to natural afforestation of 
meadows and pastures (deciduous and mixed stands), but also through natural and active 
afforestation of former arable land (conifers). The growing stock has increased even more – 
3.8 times (from 127 mln m3 to 481 mln m3) (NFI2020) due to the increase of forest land and 
average forest age, but also improved growth conditions like intensive drainage. In addition, 
our seminatural hemiboreal forests are very diverse. 

Due to the increase of forest area, the forests play more and more important role in the 
society as well: not only as notable part of economy, but also through cultural, esthetical, 
social, recreational and other values. Therefore, the interest in forest politics has been 
continuously high and even public involvement-oriented process of compiling the next 
forestry development plan (MAK2030) has not cooled down the debates. Also, international, 
especially European Union driven intervention to forest politics is getting stronger. 
Nevertheless, there has been unanimous agreement that innovation in the sector is necessary 
and the added value of the wood brought out from the forests must increase throughout the 
process of compiling MAK2030. These statements are supported by goals as well as several 
directions of actions set in development strategy “Eesti 2035”4 and in the latest draft version 
of MAK20305. 

 

 

 

 

 

1 FAO and UNEP. 2020. The State of the World’s Forests 2020. Forests, biodiversity and people. Rome. 
https://doi.org/10.4060/ca8642en.  
2 The homepage of Environment Agency of the Republic of Estonia https://keskkonnaagentuur.ee/keskkonnaagentuuri-
tegevusvaldkonnad/mets/smi.  
3 Laas, E. et al. 2011. Metsa majandamise alused: õpik kõrgkoolidele. Tartu Ülikooli Kirjastus. Tartu.  
4 The homepage of the Government of the Republic of Estonia in English https://valitsus.ee/en/estonia-2035-development-
stategy/strategy/strategic-goals and in Estonian https://valitsus.ee/strateegia-eesti-2035-arengukavad-ja-
planeering/strateegia. 
5https://envir.ee/media/1040/download 
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3Development of Bioproduct Mill at Ida-Virumaa 
INDREK AARNA 
AS Viru Keemia Grupp 

The presentation will give an overview of VKG’s Biopoduct Mill project. The new development 
project aims to find an alternative to the current oil shale industry. The planned mill is going 
to produce 330–500 th tonnes of pulp products. Plant is going to need 2–2,3 mil m3 of soft or 
hard wood. The mill is going to use the kraft-technology, which is considered the BAT in pulp 
production. VKG is planning to produce also dissolving pulp, which is mainly used in the textile 
industry. On July 20th VKG submitted an application to Lüganuse County to start the spatial 
planning procedure, which would select site for the mill and evaluate its environmental 
impact. If everything goes according to the plan, the mill will be ready for operation in 2026. 
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4Industrial circular economy 
KAUR KUURME 
OÜ Nordfert/Biopower 

 Cooperation between universities and businesses. 
 Recycling Carbon Black rCB, how to use pyrolysis technology again in the 

manufacturing of tyres. 
 Organic Fertlizer that’s made from production residues. 
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5Wood is future material for maximising added value 
in Estonian bioeconomy and its sectors! 
JAAN KERS 
Department of Material and Environmental Technology, Tallinn University of Technology 

Estonia is forest rich country having 52% of the land covered with forest and is one of the leading 
countries in mechanical processing of wood products by covering the whole value chains form 
forest to the wood building and energy production, but chemical valorization of lignocellulosic 
biomass is poor. We do not have modern biorefineries in Estonia like Nordic countries. The 2019 
update for European circular bioeconomy strategy (EU Council conclusion, 29.11.2019) has an aim 
for unlocking the full potential of all types of sustainably sourced biomass, crop residues, industrial 
side-streams, and wastes by transforming it into value-added products Lange et al., 2021). EU 
recently introduced new growth strategy presented in Commission Communication of 11 
December 2019 entitled “The European Green Deal” (EU 2019) to transform the EU into a fair and 
prosperous society, with a modern resource-efficient and competitive economy, on the other hand 
to tacle the two inderdependent problems biodiversity loss and climate change the restoring 
forests, soils and wetlands and creating green spaces in cities are essential to achieve the climate 
change mitigation needed by 2030. EU Biodiversity Strategy for 2030 (EU 2020) should pave the 
way for changes that will ensure the wellbeing and economic prosperity of present and future 
generations in a healthy environment. EU accounted for 7% of global green house gas emissions 
decided to aim for climate-neutrality by 2050. Using more wood and recirculation of wood as 
material in cascade use of wood products could be one solution to store carbon. Wood as 
futurematerial has many advatages: energy-efficiency and health benefits, offers substitution of 
energy intensive materials, CO2 binding in wood especially in wooden houses and in building 
materials. Global production of sawnwood and wood-based panels was 900 million cubic metres in 
2018. Equivalent to 0.83 Gt CO2 (global CO2 emissions in 2019 = 38 Gt.  

Regarding chemical and biochemical valorization of biomass an initial study identified 224 
biorefineries operating in the EU at the end of 2017 and reports several dozens more 
biorefineries currently under construction. Approximately 300 biorefineries will need to be 
deployed in Europe by 2030 in order to meet the growing EU market demand in this sector.  

The uniqueness of the ADDVAL-BIOEC project of the RITA-1 measure lies in the close 
cooperation of the best Estonian researchers in various fields of materials, nature, agriculture, 
forestry, marine, energy and economics. The project outcomes are mapped resources and 
value chains of the Estonian bioeconomy and future potentials for 2030 and 2050 Estonian 
bioeconomy development scenarios and business model prototypes in selected areas with 
social, economic and environmental impacts were developed.  

For maximising added value in Estonian bioeconomy and its sectors we have to develop our wood 
chemistry products processing technologies and we need modern biorefineries in Estonia. The 
wood shavings and sawdust used in pellets production can be used for fractionation of the 
lignocellulosic biomass and production of bioproducts from cellulose, lignin and hemicellulose to 
substitute synthetic materials, to produce pharmacy products and drop-in chemicals. 
 
1 https://knowledge4policy.ec.europa.eu/publication/updated-bioeconomy-strategy-2018_en 

1 http://news.bio-based.eu/media/2017/11/17-11-27-PR-Mapping-European-Biorefineries1.pdf
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6Cellulose esterification in solution and in melt 
ILLIA KRASNOU 
Department of Material and Environmental Technology, Tallinn University of Technology 

The synthesis and characterization methods of cellulose esters in ionic liquids developed at 
Laboratory of Polymers and Textile Technology in Taltech will be covered in this speech. 
First the most interesting aspect of cellulose chemical modification is the production of 
cellulose fatty acid esters. Long-chain aliphatic acid esters of cellulose (“fatty acid esters”) 
have been considered as potential biodegradable plastics. Due to the enzymatically labile 
ester bond and the natural origin of both cellulose and fatty acids the developed materials 
could be decomposed by microorganisms into non harmful substances. 
 
Second aspect is processing: unlike pure cellulose cellulose fatty acid esters could be 
processed in dissolved or in molten state. Thus these materials could be processed by the 
same industrial facilities as conventional oil-based plastic materials, like PE or PP. 
Third aspect is esterification of cellulose in ionic liquids allows to use any source of cellulose 
starting from wood dust, agricultural leftovers like straw or husk finishing to the cotton textile 
post-consumer waste (like old jeans and t-shirts). 
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7Development and optimization of thermochemical 
valorization and biorefining technologies for second 
and third generation biochemical production from 
lignocellulosic biomass 
TIMO KIKAS 
Estonian University of Life Sciences 

Although great attention has been paid to bio-based value chains for a circular bioeconomy, 
these products still have economic and technical challenges caused by the high costs of the 
substrates and by the lack of integrated processes for the complete valorization of the 
substrates. To tackle these problems, an integrated process using biomass torrefaction with 
microbial processes to produce bio-based surfactants i.e. rhamnolipids (RLs), sophorolipids 
(SLs), and exopolysaccharides (EPS) is proposed. Torrefaction-centered integrated process 
will be used in the experiments in order to obtain a feedstock with superior characteristics 
for production of bioenergy and biochemicals. Torrefied biomass will be used for RL and SL, 
and torrefaction condensate for EPS production via microbial conversion. At the end of this 
proposal new knowledge will be shared with the scientific community, general public, 
industry professionals and stakeholders of Estonian society. 
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8Analytical methods for biomass characterization 
MARIA KULP, MARINA KUDRJAŠOVA, KRISTIINA LEIMAN, OLIVIA-STELLA SALM,  
EVELIN SOLOMINA, VIOLETTA UMERENKOVA and TIIT LUKK 
Department of Chemistry and Biotechnology, Tallinn University of Technology 

Chemical characterization and reliable analysis of lignocellulose and valorization products are 
of prime importance for the development of new biomass fractionation and processing 
technologies, and evaluation of obtained products quality. Due to the complexity of the 
material and to the large number of chemical changes that may occur in various process 
stages, the chemical analysis of lignocellulose is a formidable challenge. 

Several analytical methods, specially designed to give information about the composition of 
lignocellulosic biomass as well as the structure of the individual wood polymers and the 
identity of the extractive components have been developed and set up at TalTech Wood 
Chemistry laboratory. Traditional wet chemistry and gravimetrical methods (Klason method, 
Soxhlet extraction), in combination with gas chromatography (GC) and mass spectrometry 
(MS) have been applied for identification and quantification of lignin, wood extractives and 
monolignols. The weight-average (Mw), number-average (Mn) molecular weights, and 
polydispersity index (Mw/Mn) of different lignin samples were measured by size-exclusion 
chromatography (SEC). An effective and green capillary electrophoresis (CE) method have 
been also developed for analysis of monomeric sugar contents in raw lignocellulose and 
products. 

Advanced spectroscopic methods such as FTIR and (13C, 1H, 31P) NMR spectroscopy, in 
combination with new data handling techniques, provided possibilities of analysing the 
structure and functional groups (phenolic and aliphatic hydroxyls, carboxylic and fatty acids) 
of the wood polymers. Finally, scanning electron microscopy (SEM) was used to investigate 
the ultrastructure of different types of raw biomass and lignin-based functional materials and 
evaluate biomass pretreatment efficiency. 
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9Developing NMR methodology for analysing complex 
mixtures from (more or less) natural origins 
INDREK REILE 
National Institute of Chemical Physics and Biophysics 

Nuclear Magnetic Resonance spectroscopy (NMR) is one of the most versatile analytical 
techniques for the study of chemicals, mixtures and materials. It is one of the very few 
techniques that can be applied to all physical sates of matter – gases, liquids and solids – and 
is widely used to understand the structure of molecules and materials or the composition of 
mixtures. However, such versatility comes at a price. NMR spectroscopy is also one of the 
least sensitive analytical techniques, requiring relatively large amounts of sample material 
and long measurement times. 

The first part of the talk will cover our recent work in developing NMR methodology to 
address the bottlenecks of NMR: its moderate sensitivity and resolution. I will demonstrate 
how novel methodological developments in nuclear hyperpolarization and NMR pulse 
programs allow to apply NMR in situations where, up to very recently, it could not have been 
considered before. 

The second part of the talk will introduce our recent efforts in NMR applications development. 
We have been working on methodology to discriminate Estonian produced foodstuff from 
imported produce (to reduce market fraud) and to evaluate the freshness of food. In parallel, 
we have been developing methodology to understand the antiviral (COVID) properties of 
polysaccharides from Estonian natural sources and started to establish competence in 
structural analysis of lignin. I will present the state of our current competence in both 
directions. 
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10Lignin – an entry point for the synthesis of 
functional materials – the example of lignin aerogels 
PIIA JÕUL, MIHKEL KOEL and TIIT LUKK 
Department of Chemistry and Biotechnology, Tallinn University of Technology 

The production of value-added products from lignin has received considerable attention due 
to its abundant occurrence in nature and accumulation as a waste product during pulp and 
paper production. As it is one of the most abundant bio-polymer with irregular 
macromolecular structure, there is a growing interest in utilizing lignin as feedstock material 
for functional material production, for example aerogels, where the phenolic character of 
lignin molecule can be used. Their high porosity, low density and large specific surface area 
offers the potential for the use of aerogels in several applications. 

In the production of resorcinol-formaldehyde organic aerogels, it is possible to substitute the 
resorcinol with lignin molecule, which must have several phenolic hydroxy groups with 
unsubstituted ortho-positions where crosslinking via formaldehyde can take place, to obtain 
new bio-based lignin aerogel. 

In the current study, hydrolysis lignin and organosolv lignins extracted from bleached-chemi-
thermo-mechanical aspen pulp (BCTMP) and non-bleached aspen pulp (CTMP), were utilized 
as one of the precursors to produce homogeneous lignin-5-methylresorcinol-formaldehyde 
aerogels. The chemical and physical characteristics were studied, and the results of these 
experiments proved that it is possible to use these types of lignin as a substitute for toxic and 
more expensive raw materials to produce aerogels. However, more research needs to be 
done to produce lignin-based materials with desired properties for specific applications. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This study was supported by ERDF and Estonian Research Council via project RESTA11. 
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11 Valorization of waste-streams from the mandarin 
processing industry into added-value products 

MARIA KUHTINSKAJA, MERIKE VAHER, PIRET SAAR-REISMAA and TIIT LUKK 
Department of Chemistry and Biotechnology, Tallinn University of Technology 

Citrus fruits (including mandarins) are one of the most extensively cultivated crops. Citrus 
contains a range of highly beneficial bioactive compounds, such as essential oils, polyphenols, 
carotenoids, and vitamins. On consumption or processing, approximately 60% of the fruit 
remains as inedible waste, which includes peels, seeds, pulp, and segment residues. These co-
products, without proper treatment and disposal, might cause negative environmental 
impacts. At the same time, this waste still consists of substantial quantities of bioactive 
compounds, which makes it ideal sustainable and renewable resource for obtaining high 
added-value products for food and pharmaceutical industries. 

The aim of the current research is development/improvement of the valorization 
technologies to alleviate the environmental footprint of Georgian mandarin juice industry by 
utilizing principles of circular economy. The sustainable and effective extraction techniques, 
such as steam distillation for limonene and ultrasound-assisted extraction for hesperidin, will 
be extensively and critically tested with anticipated future perspectives towards the 
maximum valorization of the mandarin waste. Additionally, sequential (cascade) extraction 
and scaling-up aspects of proposed waste valorization technologies will be carefully evaluated 
and implemented. 
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12Microbial inoculants in composting of lignocellulosic 
waste streams 
ZEBA USMANI, EVE-LY OJANGU, MARIA KULP and TIIT LUKK 
Department of Chemistry and Biotechnology, Tallinn University of Technology 

A significant amount of lignocellulosic waste is generated from agriculture, forestry, 
construction, and bioprocessing industry at every step of the value chain posing a threat to 
the environment. Circular economy tries to eliminate waste disposal through ‘recycle and 
reuse’ principle, extracting maximum value from waste. Composting as a waste treatment 
technique has proven to be an economical and eco-friendly method to degrade lignocellulosic 
biomass into nutrient rich organic fertilizers beneficial for plant growth. The highly 
recalcitrant nature of lignocellulosic waste makes it difficult for naturally occurring microbes 
in the compost to break it down. Also, the high temperatures attained during composting may 
not be favourable for sustenance of some essential microbes that degrade the biomass. 
Amendments such as microbial inoculation and co-composting with other waste materials 
can positively impact composting parameters, increasing its overall efficiency and speed. 
Microbial inoculation with enzyme-producing microbes can enhance the composting process 
by ensuring the suitable microbes in the right temperature and moisture regimes in compost 
piles at the right times. Actinobacteria can survive the high temperatures of thermophilic 
phase while mineralizing the most recalcitrant components into simple sugars. A trial study 
was performed in which we used actinobacterial consortium to enhance the composting 
performance of wood bark and biowaste from wastewater treatment plant. This work could 
be scaled up and expanded to produce biological fertilizers from a wide variety of 
lignocellulosic waste streams. Additionally, implementing this advanced composting process 
will be helpful in land restoration, waste reduction and remediation and landfill reclamation. 
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13Ligninolytic properties of Actinobacteria 
EVE-LY OJANGU, MARIA KULP, KAIRIT ZOVO, HEGNE PUPART and TIIT LUKK 
Department of Chemistry and Biotechnology, Tallinn University of Technology 

Lignocellulosic biomass (LCB) is a plant dry matter composed of carbohydrate polymers 
(cellulose, hemicellulose) and an aromatic polymer (lignin). LCB (wood) is the primary source 
for pulp and paper industry. In pulp production, the cellulosic fraction of the wood is 
separated from lignin by mechanical and chemical processes. In nature, the delignification - a 
key process during LCB decomposition, is dependent on the structure and functionality of 
microbial communities. Different microbe species operate synergistically by secreting 
enzymes with diverse functions during different stages of delignification process. There are 
two key steps in lignin degradation: 1) initial lignin depolymerization (solubilization) into low 
molecular weight (LMW) compounds, and 2) subsequent catabolism of these aromatic LMW 
compounds. Actinobacteria, such as species from genera Streptomyces, are capable both to 
solubilize and catabolize the lignin found in organic matter. 

Different LCBs contain various amounts and types of lignin building blocks. Most knowledges 
of ligninolytic microbes comes from natural substrates. Much less is known about microbial 
degradation of technical lignins (f.e. organosolv lignin), byproducts from various industrial 
activities. Due to lack of in-depth knowledge it is important to analyze the microbial 
degradation of technical lignins more thoroughly. 

In nature, lignin is degraded rather by a coordinated attack of an enzyme cocktail than by an 
action of a single enzyme. Only a small number of publications report the use of enzyme 
combinations for lignin depolymerization in vitro. Therefore, identifying network of co-
expressed enzymes by single microbe species should provide broader view and useful hints 
for the deconstruction of lignin. The purpose of our work is to determine co-expressed 
ligninolytic enzymes secreted by Streptomyces coelicolor and Streptomyces viridosporus. First, 
we tested the ability of these Streptomyces species to degrade organosolv lignin. For this, we 
used organosolv lignin from 1) aspen chemi-thermo-mechanical pulp (CTMP) and 2) aspen 
bleached chemi-thermo-mechanical pulp (BCTMP) as a single carbon source in growth 
medium. We found that both bacterial strains are able to depolymerize organosolv lignin into 
LMW compunds. 

Next, combination of two approaches, secretome analysis and transcriptome analysis, will 
provide useful information about active ligninolytic enzymes of Streptomyces species. 
Together, these data will likely generate a more comprehensive understanding of microbial 
degradation and/or modification of lignin. 
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14Biochemistry of lignocellulose valorization 
KAIRIT ZOVO, ZEBA USMANI, HEGNE PUPART, MARIA KULP and TIIT LUKK 
Department of Chemistry and Biotechnology, Tallinn University of Technology 

Lignocellulosic biomass is the most abundant renewable feedstock on Earth. Certain streams 
of biomass require only some (mechanical) pretreatment, which although cost effective, add 
but a limited amount of value to the starting material. In a biorefinery setting, where 
fermentation plays central role, pretreatment technologies of the starting biomass are often 
quite sophisticated as well as expensive. Fractionation of the starting biomass into pure 
polymers (if possible) and their subsequent depolymerization into monomeric building blocks 
is thus desired. 

In order to unlock fermentable sugars from lignocellulose, the biomass is typically first 
mechanically and hydrothermally treated, to which a cocktail that comprise of about a dozen 
enzymes is subsequently added. The composition of the commercially available enzyme 
mixtures is proprietary. However, due to decades of research into the enzymology of 
lignocellulose deconstruction, one can make educated guesses as to the ratios of enzyme 
classes present within those mixtures. 

Due to renewed interest in the discovery of biocatalysts (enzymes) that can withstand often 
harsh industrial conditions (elevated temperatures, extreme pH or salinity ranges etc), we 
have set out to explore the genomes of both meso- and extremophilic bacteria in order to 
fish out enzymes with high potential in biotechnological applications (lignocellulose 
deconstruction, remediation of toxic chemicals etc.). Indeed, some of those enzymes are able 
to function as well as retain activity for hours in temperatures above 60° C and for half an 
hour at 90° C. In addition to that, we’ve shown that some of those organisms are able to 
detoxify soils contaminated with harmful chemicals.  
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15Material development technologies based on 
cellulose derivatives 
CATHERINE KILUMETS and UMAIR QASIM 
Department of Engineering, Tallinn University of Technology 

This study investigates the use of cellulose diacetate to produce biodegradable plastic by 
compression molding and solvent casting. It includes the usage of heat (220–250° C) and 
different pressing plate cover materials (aluminum, silicone, Teflon, steel) for compression 
molding and 70–80° C for solvent casting. Given that the material is known to be sensitive to 
higher temperatures, determining its degree of impact on material properties is appealing. 
The heat degradation was evaluated by visual inspection and mechanical testing. Mechanical 
properties were determined by measurement of surface roughness and tensile test, where 
the elastic modulus, tensile strength, and elongation were observed. Results showed that 
heat degradation darkens the color of the specimen and reduce the transparency of the 
material. Additionally, with higher temperatures, the tensile strength and elongation increase 
while the elastic modulus decreases. When looking through the surface roughness, higher 
values showed lower tensile strength. Also, a novel material cellulose laureate has been used 
to study its properties and compare it with conventional cellulose diacetate; however, due to 
some factors such as degree of substitution, it has difficulties in solvent casting. 
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16GC-MS characterization of wood extractives 
OLIVIA-STELLA SALM, MARIA KULP and TIIT LUKK 
Department of Chemistry and Biotechnology, Tallinn University of Technology 

Gas chromatography coupled with mass spectrometry helps us separate and detect the 
volatile components of wood samples. To run a GC-MS analysis we need to extract these 
components from wood biomass. That can be achieved by solid-liquid extraction, such as 
Soxhlet extraction, which is a way to add our preferred solvent to grinded biomass, let it soak 
for a bit and then drain the solvent. This cycle is repeated and at the end of the extraction, 
this solvent contains extractives. To determine the content of extractives, the round-bottom 
flask must be weighed after evaporation of the solvent. If the weight of the flask is known 
before and after, a percentage of extractives can be calculated. The extractives can be taken 
up in a solvent and injected into the GC-MS. There seems to be a trend, that hardwoods 
(willow, aspen, birch and grey alder) contain more fatty acids than hydrocarbons, but with 
softwoods (pine and spruce) it was the other way around. Grasses (barley straw and reed) 
showed a larger variety of extractives. All three groups contained a few other chemicals of 
interest, such as vanillin, γ-Sitosterol or benzophenone and other aromatics. Some certain 
classes of chemicals were absent or in smaller amounts than anticipated, such as terpenoids 
and steroids. This can be contributed to the fact, that these samples were not freshly cut and 
milled, so the more volatile substances might have evaporated already. 
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17Characterization of copper oxidases from 
thermophilic bacteria 
MARCEL MÄGER, HEGNE PUPART, KAIRIT ZOVO, EVE-LY OJANGU and TIIT LUKK 
Department of Chemistry and Biotechnology, Tallinn University of Technology 

Lignin is the second-most abundant component of plant material. It is a complex organic 
polymer that plays a key part in the structure and support of most plants1. The foremost 
commercial production of lignin comes from paper making due to it being 1/3 of 
lignocellulose, the precursor of paper. Right now, most of it is burned as fuel, while only a 
small fraction of it is used elsewhere. One of our main goals is to find alternative solutions to 
burning it. Using lignin degrading enzymes is one of the green alternatives for lignocellulosic 
biomass conversion and lignin valorization. 

Thermus thermophilus (Tt) is a Gram-negative bacterium that is extremely thermophilic and 
has been found to be important in the degradation of organic materials in the thermogenic 
phase of composting2. Large laccases (LLAC) are multicopper oxidases that oxidize a variety 
of phenolic substrates. They are classified as lignin-modifying enzymes since they take part in 
both formation and degradation of lignin. DUF152 (domain of unknown function 152) is a 
family of copper oxidases that may have similar degrading properties to laccases in that it can 
oxidize phenolic compounds3. 

By now we have successfully expressed and purified recombinant TtLLAC and TtDUF152 
proteins. In near future the focus will be on the biochemical characterization, structure 
determination and assessment of the lignin remodeling activity of these enzymes. 
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18CE analysis of sugars in biomass and lignin 
VIOLETTA UMERENKOVA, MARIA KULP and TIIT LUKK 
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Carbohydrates and lignin make up a major portion of biomass samples. These constituents 
must be measured as part of a comprehensive biomass analysis. Carbohydrates can be 
structural or non-structural. Structural carbohydrates are bound in the matrix of the biomass, 
while non-structural carbohydrates can be removed using extraction or washing steps. 

Two-step acid hydrolysis is used to fractionate the biomass into forms that are more easily 
quantified. During hydrolysis the polymeric carbohydrates are hydrolyzed into the 
monomeric forms, which are soluble in the hydrolysis liquid. 

Classical method for determination of sugar monomers is liquid chromatography (HPLC) with 
refractive index detection. The main disadvantages of this method are sufficiently low 
sensitivity and separation efficiency. Capillary electrophoresis (CE) is an alternative, highly 
effective, and green separation technique, which can be applied for analysis of carbohydrates. 

In present study a CE separation and direct UV detection of nine sugars was achieved in 
strongly alkaline background electrolyte, which provided ionization of hydroxyl groups and 
the formation of the anionic carbohydrate enediolate through the concomitant action of the 
alkali of the electrolyte solution and the applied electric field. Developed CE method provided 
quantification of 5-(Hydroxymethyl)furfural, fucose, cellobiose, galactose, glucose, mannose, 
arabinose, xylose in different biomass hydrolysates with IDL 0.1 mg/l and LOD 0.1% dw. Inter-
day reproducibility of the procedure was about 10%. The method was verified with NIST 
reference material Eastern cottonwood whole biomass feedstock. 
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The reactivity and physiochemical properties of lignins are partly governed by their molecular 
weight distribution (MWD). Polydisperse polymers contain polymer chains of unequal length, 
and so the molecular weight is not a single value – the polymer exists as a distribution of a 
chain lengths and molecular weights. There are several molecular averages, for lignin are 
commonly quoted Mn (number average molecular weight) and Mw (weight average 
molecular weight). Size-exclusion chromatography is the most widely used method for 
analyzing the molecular weight distribution of lignin. In this chromatographic method column 
is packed with porous beads and molecules are separated by their size. Larger molecules exit 
the column sooner, because they do not enter into the pores. A nonpolar polystyrene-
divinylbenzene column is used for lignin analysis, stabilized tetrahydrofuran is used as the 
mobile phase. Polystyrene standards are used to calibrate the instrument. Differently 
prepared lignins show different molecular weight distribution. Most of the lignins from 
organosolv process show the MWD around 2000–3000 g/mol for Mn and 4000–6000 g/mol 
for Mw. Lignin that is prepared by deep eutectic solvent shows MWD below 1000 g/mol for 
Mn and ~2000 g/mol for Mw. It follows that the MWD of lignin changes depending on its 
pretreatment. The polydispersity index (Mn/Mw) of most of the analyzed lignins is around 
2.0. It can be assumed that the step polymerization reactions took place in these samples. 
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20Using lignin to catalyse the Suzuki reaction 
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Lignin is a largely available and serves as a cheap green starting material for chemical 
reactions. Lignin may be used to synthesize viable catalysts for the Suzuki–Miyaura reaction 
whilst cheaper and greener than the common alternatives. Lignin can be thought of as a large 
sidechain with a functional unit that can be targeted for reactions. Lignin is also similar to 
calixarene, having phenyl groups and phenolic ethers, which we used as model to test the 
reactions, subsequently analyzing the results with NMR. We based our synthetic strategy on 
an article that used the Suzuki reaction catalyst from calixarene, which in our case we 
substituted with lignin. The effectiveness of the catalyst was measured against different 
controls (modified lignin, normal lignin, no lignin). The measurements showed that it was 
slightly more effective than the control, about 10%. From another article, we identified 
another possible catalyst – using lignin as a scaffold to create copper nanoparticles. The 
created particles showed catalytic activity for the Suzuki reaction. The positive outcome from 
the second method was that it didn't require palladium acetate and was therefore cheaper 
and greener. Lignin can indeed be used to synthesize viable green and cheap catalyst for the 
Suzuki reaction. 


