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ABSTRACT

Hemp (Cannabis sativa L.) is an annual herbaceous plant with excellent agrarian and economic
characteristics and has been used since ancient times as a raw material for making fabrics. Industrial hemp,
with its high biomass yield per hectare, has great potential for the production of biofuels and valuable
products. Regulatory documents in Bulgaria allow the cultivation of cannabis plants only if they are
intended for fibres, seeds for animal feed or sowing if they have a content of less than 0.2%
tetrahydrocannabinol. The residue of hemp after such processing is characterised by a hardwood-like
content of cellulose, hemicellulose and lignin but with a very low bulk density. The specificity of the
biomass residues and the woody structure of hemp stalks requires an additional mild, wet beating prior to
enzymatic hydrolysis.

The present work aims to investigate the effect of mechanical treatment of steam-exploded hemp
residues on glucose yield after enzymatic hydrolysis and to determine the optimal pretreatment conditions.
The classic steam and CO2 steam explosion methods are used as the first pretreatment step in this
investigation. It has been found that the mechanical processing of hemp pulp leads to higher glucose yields
after enzymatic hydrolysis, and this effect is reduced by increasing the steam explosion temperature.
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INTRODUCTION

Industrial hemp (Cannabis sativa L.) is an annual herbaceous plant belonging to the genus
Angiosperms and the Hemp family (Cannabaceae). Hemp is rich in fibres and Omega fatty acids,
and this is the reason it is valuable as a pharmaceutical product (Tsoumis 1991).

The hemp can be cultivated and grown in different climate conditions, as the plant is
sustainable to outside conditions. Because of climate changes and the World energy crisis,
industrial hemp is an alternative raw material for biofuels (Kraszkiewicz 2019).

The hemp stalk consists of many layers, which include the epidermis, phloem, xylem and
core (Jiang 2018).

Under a microscope investigation of these structures, the outside surface of Cannabis sativa
L. can be seen as fibres (Sheedev 2018). Both main stalk fibres — phloem and xylem, differ on
the content of cellulose and lignin. In the phloem layer, the average content of cellulose is
between 67-78%, and lignin content is 3-13%, while the xylem layer contains 40% cellulose
and 17% lignin (Shin 2009).

In recent decades, many different pretreatment methods have been developed, which are
separated into 4 main groups: physical (grinding and refining), chemical (with acids and alkalis),
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physical-chemical (high-temperature hydrolysis, steam-explosion) and biological (fungi,
bacteria, and algae) (Kim 2018).

The physical methods used for pretreatment aimed to reduce the size of the raw material
particles, which improves the enzyme access by reducing crystallinity and the polymerisation
degree of the cellulose (Wawro 2019).

Also, removing lignin and the acetyl groups from the hemicelluloses in the biomass was
used the Alkali method because of the high efficiency and low-cost treatment of this method
(Lukajtis 2018).

Steam-explosion is a process where the hemp is initially steamed at a high temperature
between 190°-230°C. The shredding of the biomass is due to the momentary opening of the
valve, with which the pressure is reduced, and the mass is shredded and blown into a container.
Immediate pressure dropping leads to an explosion of plant cell walls, and, respectively, opens
the cellulose surface. Steam- explosion is a combined method of chemical modification and
mechanical defibrillation. The steam makes the raw material soft, and the fibres can be separated
from each other. Therefore, they are formed inhibitors for unwanted enzyme complexes. The
main advantages of steam-explosion methods are low impact on the environment and less usage
of chemicals (Foston 2018, Ximenes 2018, Kim 2018).

Thibaud Sauvageon proposes steam-explosion treatment for 4 min., T= 190°C and initial
impregnation with NaOH (8%), which conditions lead to 91,2% defibrillation (Sauvageon 2018).

Pakarinen observed that after steam-explosion of the material at temperature 200° for 5
minutes, glucan content in the biomass from hemp increased from 46% to 69.6%, while
hemicelluloses content was reduced from 9.5% to 5.5% (Pakarinen 2012).

Kuglarz's investigation on steam-explosion by adding H.SO4 (0,5-2,0%) at T= 140-
180 degrees for 10 min. and had rich that the best results on the sugar yield were received by 1%
amount of H,SO. (Kuglarz 2014).

Sipos recommends impregnation with 2% SO2 to reduce high-temperature usage, even
though the best sugar yield was observed at T=210°C for 5 min. (Sipos 2010).

The present work aims to investigate the effect of mechanical treatment of steam-exploded
hemp residues on glucose yield after enzymatic hydrolysis and to determine the optimal
conditions or the pretreatment with CO, depending on the temperature and the specificity of the
waste hemp pulp used.

MATERIALS AND METHODS

The investigation was conducted with two waste hemp residues that underwent different
primary processing. The chemical analyses of the hemp samples were performed according to
the standard procedures: Pentosan by Tappi — T223 ¢cm-10, Lignin by Tappi — T222, Ash by
Tappi — T211 Substances soluble in hot water by Tappi — T207, and cellulose by method’s
Kurchner-Hofer.

Steam explosion pretreatment was performed in a 2 L stainless steel laboratory installation.
The steam explosion was performed under the following conditions: solid-to-liquid ratio of 1:40
(W/v); initial temperature of 20°C; reaction temperatures in the range of 160°C to 200°C; initial
pressure of 4 bar by the use of CO,; heating time 60 min, followed by additional 10 min at the
maximum temperature.
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The treated biomass was washed with distilled water, and the hydrolysate obtained was
filtered and analysed. Before enzymatic treatment, the wet biomass was beaten in a Jokro mill
for 5 minutes.

The enzymatic hydrolysis was carried out in polyethene bags in a water bath previously
heated to the desired temperature (50°C) with cellulase complexes Cellic® CTec2. The enzyme
hydrolysis was performed with biomass consistency of 10%, pH range 5.0-5.6, reaction time
from 1 to 72 h, and at 5% enzyme charge.

The residue was washed with distilled water, and the hydrolysate obtained was filtered and
subjected to analysis.

The total solubility substances and content of glucose, xylose, furfural, and HMF were
determined according to the NREL Technical Report on a Dionex HPLC system by Shodex RI
detector. The separation was performed with a Hi-Plex H column, 300 mm x 7.7 mm (mm
(Agilent Technologies, USA), at 65°C with ultrapure water (Simplicity® (Merck KGaA,
Germany) as the eluent, at a flow rate of 0.5 mL/min. The results were evaluated using the
Chromeleon 6.80 software (Dionex Inc., USA).

RESULTS AND DISCUSSION

The chemical analysis on both hemp types showed a higher cellulose content and less lignin
and pentosans in the first group of hemp stalks, compared to the second group with relatively
small pieces fraction (Table 1). The differences are from 4% to 5%, and the explanation for this
is the difference in the long fibres in both groups.

The ash content of both groups is relatively low and corresponds exactly to the literature
data. This parameter gives hemp an advantage compared to wheat straw and corn stalks, which
have a high ash content.

Table 1: Chemical analysis of waste hemp stalks (% from dry biomass)

Samle type nemp stk hemp stats
Moisture [%] 10.38 £0.02 12.76 £ 0.02
Substances soluble in hot water [%] 6.25+0.05 1.90 + 0.05
Pentosanes [%] 21.45+0.05 24.85+0.05

Lignin [%] 16.25 +£0.05 20.50 +0.05

Cellulose [%0] 49.00 = 0.05 45.45+0.05

Ash [%)] 1..60 +0.01 2.35+0.01

Table 2 shows the results from the experimental work of producing hydrolysate after steam
explosion at different temperatures and the addition of CO,. As can be seen from the results in
Table 2, CO; addition accelerates the hydrolysis process because of the greater amount of acid
in the middle at the beginning, which leads to the full transformation of hemicelluloses into xylan
monosaccharides. A transformation of monosaccharides to furfural and HMF was observed,
which proved the need for usage at lower temperatures in steam-explosion treatment.
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Table 2: Analysis of hydrolysis after different steam-explosion pretreatment.

23

Type of steam-explosion
without CO2 with CO;

Sample type helmgpIr atalks h;r:ﬁ?)r;l;?ks helrlngr;l;?ks
Temperature 200°C 190°C 200°C

Xylose [%] 0.22 0.89 25.05 24.35
Furfural [%] - 0.27 1.10 5.25

HMF [%] - - - 1.75
Glucose [%0] - 0.50 - 3.17

The specifics of hemp stalks and the content of rough and long fibers before the enzyme
hydrolysis impose the need for additional refining on the stock after the steam explosion. Figure
1 shows the impact of the refining on the glucose yield of both groups of raw materials after
steam explosion at 200°C.
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Figure 1: Kinetic curve of the process of enzyme hydrolyses after steam-explosion treatment at 200° without
CO: depending on the additional mechanical grinding and the specifics of the waste hemp mass.

The obtained Kinetic curves after the refining show that the glucose yield increased by 9%
in the first group of hemp, which has higher cellulose content and, respectively, higher content
of rough fibres. The total yield of glucose is higher than wheat straw. During the work of the
Jokro lab, the refiner is observed splintering of fibres, which effect can create a technology
problem.In the second group (small-sized particles), there was no problem with refining, and the
increase of the glucose yield was under 2% on the refined stock.

The impact of temperature on steam explosion with CO2 and the additional refining of
glucose yield was researched for the second group and presented in Figure 2. The results show
that the temperature can be decreased to 180°C, but it is necessary to refine in mild conditions
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before the enzyme hydrolysis. This is valid for the second sample. The steam explosion cannot
lead to under 170°C without refining the stock before the enzyme hydrolysis.

Industrial hemp fibres contain long and rough fibres, which cannot be defibrillated only by
steam explosion. The additional refining of the raw material helps increase access of the enzymes
to the cellulose chains, which will lead to a significant increase in the yield of glucose.
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Figure 2: The influence of the temperature of the steam-explosion treatment with CO2 and grinding of the
amount of glucose after enzyme hydrolysis in the second hemp group.

CONCLUSIONS

It is established that the specificity of the hemp residues and the content of long and coarse
fibers predetermine the need to carry out mechanical treatment of the pulp after the steam-
explosive treatment and before enzymatic hydrolysis.

The refining of hemp pulp leads to fibrillation of the coarse hemp fibres. It increases the
accessibility of the enzymes to the cellulose chains, whereby the glucose yield can be increased

to values exceeding those for wheat straw.
Using the hemp stalks with lower long fibre content and adding CO; in the steam-explosion
treatment results in mild refining before the enzyme stage or a reduced steam explosion

temperature of up to 20 degrees.

ACKNOWLEDGMENTS

This work was developed as part of contract Ne: BG-RRP-2.004-0002-C01, project name:
,Bi0OrgaMCT” (Bioactive organic and inorganic avant-garde materials and clean technologies),
Procedure BG-RRP-2.004 — ,,Establishing of a network of research higher education institutions
in Bulgaria®, funded by Bulgarian national recovery and resilience plan.

REFERENCES

FOSTON, M.; RAGAUSKAS, A.J. 2010. Changes in lignocellulosic supramolecular and ultrastructure
during dilute acid pretreatment of Populus and switchgrass. Biomass Bioenergy, 34, 1885-1895.



OPTIMAL PRETREATMENT CONDITIONS OF INDUSTRIAL ... 25

JIANG, YUNHONG. LAWRENCE, MIKE et al. 2018. Cell wall microstructure, pore size distribution and
absolute density of hemp. Royal Society Open Science., vol. 5, 171945.

KIM, D. 2018. Physico-Chemical Conversion of Lignocellulose: Inhibitor Effects and Detoxification
Strategies: A Mini Review. Molecules, 23, 309. https://doi.org/10.3390/molecules23020309.

KRASZKIEWICZ, A., M. KACHEL, S. PARAFINIUK, G. ZAJ, I. NIEDZIOLKA AND M. SPRAWKA.
2019. Assessment of the Possibility of Using Hemp Biomass (Cannabis Sativa L.) for Energy
Purposes: A Case Study. Applied Sciences 9(20); doi:10.3390/app9204437.

KUGLARZ, M., I1.B. GUNNARSSON, S. SVENSSON, T. PRADE, E. JOHANSSON, I. ANGELIDAKI.
2014. Ethanol production from industrial hemp: Effect of combined dilute acid/steam pretreatment
and economic aspects. Bioresour Technol, 163, 236-243. https://doi.org/10.1016/
j.biortech.2014.04.049.

LUKAJTIS, R.., RYBARCZYK, P., KUCHARSKA, K., KONOPACKA-LYSKAWA, D., SLUPEK, E,
WYCHODNIK, K. KAMINSKI, M. 2018. Optimisation of Saccharification Conditions of
Lignocellulosic Biomass under Alkaline Pretreatment and Enzymatic Hydrolysis. Energies, 11, 886.
https://doi.org/10.3390/en110408867.

PAKARINEN A., J. ZHANG, T. BROCK, P. MAJALA, L. VIIKARI. 2012. Enzymatic accessibility of
fiber hemp is enhanced by enzymatic or chemical removal of pectin. Bioresour Technol, 107, 275—
281, doi.org/10.1016/j.biortech.2011.12.101.

SAUVAGEON T., LAVOIE J-M., SEGOVIA C., BROSSE N. 2018. Toward the cottonization of hemp
fibers by steam explosion — Part 1: defibration and morphological characterisation. Textile Research
Journal, 88(9): 1047-1055. doi:10.1177/0040517517697644.

SHEEDEV, ANTONY, ABEL CHEROUAT, GUILLAUME MONTAY. 2018. Experimental, analytical
and numerical analysis to investigate the tensile behaviour of hemp fibre yarns. Composite
Structures, vol. 202, 482-490.

SHIN, SOO-JEONG, HAN, SIM-HEE et al. 2009. Monosaccharides from industrial hemp (Cannabis
sativa L.) woody core pretreatment with ammonium hydroxide soaking treatment followed by
enzymatic saccharification. Journal of Korea Technical Association of The Pulp and Paper Industry,
vol. 41, 15-19.

SIPOS B., E. KREUGER, S. SVENSSON, K. RECZEY, L. BJORNSSON, G. ZACCHI. 2010. Steam
pretreatment of dry and ensiled industrial hemp for ethanol production. Biomass Bioenergy, 34,
1721-1731. doi:10.1016/j.biombioe.2010.07.00.

TSOUMIS, G. 1991. Science and technology of wood; Structure, properties, utilization. Publishing House
Kessel, ISBN: 978-3-941300-22-4.

WAWRO, A., BATOG, J., GIEPARDA, W. 2019. Chemical and Enzymatic Treatment of Hemp Biomass
for Bioethanol Production. Applied Sciences, 9 (24), 5348. https://doi.org/10.3390/app9245348.

XIMENES, E., KIM, Y., MOSIER, N., DIEN, B., LADISCH, M. 2011. Deactivation of cellulases by
phenols. Enzyme and microbial technology 48(1), 54-60. doi: 10.1016/j.enzmictec.2010.09.006.



UNIVERSITY OF FORESTRY " m

FACULTY OF FOREST INDUSTRY

INNOVATION IN
WOODWORKING INDUSTRY
AND ENGINEERING DESIGN

1/2025

INNO vol. X1V Sofia

ISSN 1314-6149
e-1ISSN 2367-6663

Indexed with and included in CABI



INNOVATION IN WOODWORKING INDUSTRY AND ENGINEERING DESIGN
Science Journal
Vol. 14/ p. 1-104
Sofia 1/2025

ISSN 1314-6149
e-1SSN 2367-6663

Edition of
FACULTY OF FOREST INDUSTRY - UNIVERSITY OF FORESTRY - SOFIA

The Scientific Journal is indexed with and included in CABI.

SCIENTIFIC EDITORIAL BOARD

Alfred Teischinger, PhD (Austria) Silvana Prekrat, PhD (Croatia)
Alexander Petutschning, PhD (Austria) Stefan Barcik, PhD (Slovakia)

Anna Danihelova, PhD (Slovakia) Valentin Shalaev, DSc (Russia)

Asia Marinova, PhD (Bulgaria) Vasiliki Kamperidou (Greece)

Derya Ustadmer, PhD (Turkey) Vesselin Brezin, PhD (Bulgaria)

Ivica Grbac, PhD (Croatia) Vladimir Koljozov, PhD (Macedonia)
Ivo Valchev, PhD (Bulgaria) Zhivko Gochev, PhD (Bulgaria)

Jan Holécy, PhD (Slovakia) Danijela Domljan, PhD (Croatia)

Jan Sedliac¢ik, PhD (Slovakia) George Mantanis, PhD (Greece)

Julia Mihajlova, PhD (Bulgaria) Hiilya Kalaycioglu, PhD (Turkey)
Hubert Palus, PhD (Slovakia) Biborka Bartha, PhD (Romania)
Ladislav Dzurenda, PhD (Slovakia) Antonios Papadopoulos, PhD (Greece)
Marius Barbu, PhD (Romania) Lubos Kristak, PhD (Slovakia)
Nencho Deliiski, DSc (Bulgaria) Muhammad Adly Rahandi Lubis, PhD (Indonesia)
Neno Tritchov, PhD (Bulgaria) Widya Fatriasari, PhD (Indonesia)
Panayot Panayotov, PhD (Bulgaria) Seng Hua Lee, PhD (Malaysia)

Pavlo Bekhta, PhD (Ukraine)

EDITORIAL BOARD

Petar Antov, PhD — Editor in Chief Dimitar Angelski, PhD
Viktor Savov, PhD- Co-editor Pavlin Vitchev, PhD
Vassil Jivkov, PhD Galin Milchev, PhD

Cover Design: Desislava Angelova

Printed by: INTEL ENTRANCE
Publisher address: UNIVERSITY OF FORESTRY — FACULTY OF FOREST INDUSTRY
Kliment Ohridski Bul., 10, Sofia, 1797, BULGARIA
http://inno.ltu.bg
http://www.scjournal-inno.com/



THIS ISSUE CONTAINS PAPERS PRESENTED AT

TWELFTH INTERNATIONAL SCIENTIFIC AND TECHNICAL
CONFERENCE

INNOVATIONS IN FOREST INDUSTRY AND
ENGINEERING DESIGN INNO 2024

7 —9 October, Hotel Imperial Plovdiv, a member of Radisson Individuals,
Plovdiv, Bulgaria

ORGANIZED BY FACULTY OF FOREST INDUSTRY, UNIVERSITY OF
FORESTRY, SOFIA, BULGARIA

WITH THE KIND SUPPORT OF

WQWELDE &
BULGARIA AD \'” KASTAMONU

VY h;k o]:)E MEMBER OF WELDE GROUP, AUSTRIA

EUROPE PROM

4 mondi ClLindera ¥

BAGHOB +iolum

JAF  krenespin

:

L

Twelfth International Scientific and Technical Conference
INNOVATIONS IN FOREST INDUSTRY AND
ENGINEERING DESIGN INNO 2024,
is supported by the National Science Fund. Bulgaria
with co-financing agreement Ne KIT-06-MH®D/40 ot 13.08.2024

v P DOHI
‘PR ‘ HAYYHH
H3CTE/IBAHHA




INNOVATION IN WOODWORKING INDUSTRY AND ENGINEERING DESIGN, 1/2025 (27): 5-6

CONTENTS

HOW TO FIND RESONANCE WOOD? ......cciiiieiieee ettt ettt srt e estae st sreesreesae s 7
Nikolay Bardarov, Nikolai Minkovski

ANALYSIS OF DIAMETER TAPER IN FIR (ABIES ALBA Mill.) AND SPRUCE

(PICEA ABIES L.) SAWLOGS FROM 1ST AND 2ND QUALITY CLASS.......ccccocenvvrenn. 13
Ana Marija Stamenkoska 13

OPTIMAL PRETREATMENT CONDITIONS OF INDUSTRIAL HEMP RESIDUES

TO GLUGCOSE ..ottt sttt sa ettt e e e s e s s e e steesteesbeenteeneesneesneenneens 20

Vencislav Blyahovski, Stoyko Petrin, Ivo Valchev, Vesislava Toteva

SATURATED WATER STEAM CONSUMPTION STANDARD FOR THE PROCESS
OF STEAMING BEECH WOOD WHILE ELIMINATING DIFFERENCES IN THE
COLOR OF SAPWOOD AND FALSE HEARTWOOD..........ccooiiiiiiieieiine e 26

Ladislav Dzurenda

MACHINES FOR PRIMARY LOG CUTTING: PART Il - COMPARATIVE
ASSESSMENTS AND ANALYSIS ..ot 36

Valentin Atanasov

WOOD-BASED BUILDING MATERIALS WITH A THERMAL ENERGY STORAGE
FUNGCTION ...t bt bbbt e e b bt n et b e nennea 44

Meysam Nazari, Mohamed Jebrane, Nasko Terziev
EFFECT OF STAINING ON THE ROUGHNESS OF BEECH FURNITURE SURFACES ..53
Krasimira Atanasova, Dimitar Angelski

INCORPORATING SOCIAL DESIGN FOR DISABILITY-INCLUSIVE SOCIAL
ENTREPRENEURSHIP: A CATALYST FOR SOCIETAL TRANSFORMATION .............. 63

Maria Kitchoukova, Emil Kitchoukov

PRODUCTION AND TRADE OF WOODEN PRODUCTS IN BULGARIA FOR THE
PERIOD 2007-2021 — QUANTITATIVE ANALYSIS AND FACTORS OF INFLUENCE .. 72

Nikolay Neykov, Radostina Popova-Terziyska

MODELING INNOVATIVE PRODUCTS THROUGH DESIGN THINKING .........c.ccceueueee 80
Gergana Ivanova Koleva, Diana lvanova Georgieva
CHALLENGES IN THE CIRCULAR ECONOMY OF BULGARIA ......ccoooiiiierieens 93

Todor Stoyanov, Nikolay Neykov, Emil Kitchoukov93

SCIENTIFIC JOURNAL ,,INNOVATIONS IN WOODWORKING INDUSTRY AND
ENGINEERING DESIGN ...ttt 102





