
� 
tl_J_�Jlj\_Jh_jh_� 

1/(l� 

IN-TECH2016 
PRAGUE, CZECH REPUBLIC 6. - 8. 9. 2016 



 

 
International Conference on Innovative Technologies, IN‐TECH 2016, 

Prague, 6. ‐ 8. 9. 2016 
  

 
 

 
 

International Conference on Innovative Technologies 
 
 

IN-TECH 2016 
 

Prague 

 
 
 

Proceedings 
 
 

 
 

 
 
 
 
 

 
IN-TECH 2016 

 
Proceedings of International Conference on Innovative Technologies  

 
 
  



International Conference on Innovative Technologies, IN‐TECH 2016, 
Prague, 6. ‐ 8. 9. 2016 

Editors:
 Zlatan Car – Croatia
 Jan Kudláček – Czech Republic

IN-TECH 2016 Organization committee: 

 Zlatan Car – Croatia
 Jan Kudláček – Czech Republic
 Tomaž Pepelnjak – Slovenia
 Leon Šikulec – Croatia
 Petr Drašnar – Czech Republic
 Michal Zoubek – Czech Republic
 Michal Pakosta – Czech Republic
 Jelena Višnić – Croatia
 Nadija Surać – Croatia

Publisher: Faculty of Engineering University of Rijeka 

Printed by: TISK AS, s.r.o., Jaroměř, Czech Republic 

Printed in 100 copies. 

IN-TECH 2016 International Conference on Innovative Technologies 

runs from 6. 9. 2016 to 8. 9. 2016 in Prague, Czech Republic.

E-mail: info@in-tech.info
URL:    http://www.in-tech.info

ISSN 1849-0662 



 

 
International Conference On Innovative Technologies, IN‐TECH 2016, 

Prague, 6. ‐ 8. 9. 2016 
  

 
 

 

CONTENTS 
   

INNOVATIONS IN POSITIVE DISPLACEMENT ROTARY COMPRESSOR TECHNOLOGY   

K.T.  Ooi and K.S. Yap  1 

BASIC ZEOLITES AS ENVIRONMENTALLY FRIENDLY CATALYSTS   

R. Ionut-Valentin and S. Ionel  5 

NOVEL MULTIFUNCTIONAL NANOCOMPOSITES FOR AEROSPACE, DEFENCE AND MARINE 
APPLICATIONS 

  

S. A. Meguid  9 

EXPERIMENTAL AND ANALYTICAL STUDY OF THE TRANSIENT PROCESS OF INFILTRATION  
/ EXFILTRATION IN WALK-IN COOLERS 

  

K. N. Homayun, K. Kamensky, A Mazyar and R. Faramarzi  13 

IMPROVING THERMAL EFFICIENCY OF AN AUTOMOTIVE TURBOCHARGER TURBINE WITH 
CERAMIC THERMAL BARRIER COATING INTO THE INNER PASSAGE OF THE TURBINE 

  

A.M. Noor, M.R. Abbas, M. B. Uday and S. Rajoo  19 

SIMULATION AND DESIGN OF RADIATION SHIELDING AND COLLIMATION SYSTEMS FOR THE 
PRECISE GAMMA-SPECTROMETRIC EQUIPMENT 

  

O.Jakovlevs, N. Jefremova, V.Gostilo and J.Viba  23 

INTEGRATED MULTI-TOOL SYSTEM IN CREATIVE DESIGN FOR SOLAR RADIATION    

M. V. Castilla  27 

AN APPROACH FOR INCREASING THE RELIABILITY OF PRODUCTION PLANNING IN SINGLE-
ITEM PRODUCTION  

  

F. Akhavei and P. Kreuzer  31 

CONTINUOUS FIBER REINFORCED THERMOPLASTIC SHEET BY DIRECT EXTRUSION   

S. Feustel, S. Caba and M. Koch  35 

IMPROVEMENTS OF 2D NUMERICAL MODEL FOR VERTICAL GROUND HEAT EXCHANGERS   

F. Cruz-Peragón, P.J. Casanova-Peláez, R. López-García and J.M. Palomar-Carnicero  39 

DESIGN AND CONSTRUCTION OF AN EXPERIMENTAL ROTARY DRYER FOR DRYING OF OLIVE 
MILL WASTES 

  

F.J. Gómez-de la Cruz, J.M. Palomar-Carnicero, P.J. Casanova-Peláez and F. Cruz-Peragón  43 

A LITTLE TWO AXES MECHANICAL STRUCTURE FOR GENERAL PURPOSES   

J. M. Cano-Martínez, P. J. Casanova-Peláez, J. M. Palomar-Carnicero and F. Cruz-Peragón  47 

UNMANNED AIRCRAFT SYSTEM – A FUTURE TECHNOLOGY OF FIRE BRIGADE AND CIVIL 
PROTECTION 

  

C.A. Dreßler and U. Meinberg  51 

EFFICIENT ROAD COMPACTION BASED ON NONLINEAR DYNAMICS   

D. Wiss and R. Anderegg  55 

ADVANCED MTCONNECT ASSET MANAGEMENT (AMAM)   

T. Trautner, F. Pauker and B. Kittl  59 

CAN SMART VEHICLE ACCELERATION SYSTEM REDUCE EMISSION FORMATION IN CITY 
CENTERS? NUMERICAL STUDY OF DIFFERENT ACCELERATION STRATEGIES 

  

L. Lešnik and I. Biluš  63 

EMPLOYEE MOTIVATION AS AN INITIATOR IN IMPROVING THE STATE OF QMS - LITERATURE 
REVIEW 

  

M. Stanojeska, R. Minovski and B. Jovanoski  67 

EFFICIENCY IN GREENHOUSE FOR INTELLIGENT MANAGEMENT ENERGY   

A. Nabais, R. M. T. Ascenso and J.R. Galvão  71 



 

 
International Conference On Innovative Technologies, IN‐TECH 2016, 

Prague, 6. ‐ 8. 9. 2016 
  

 
 

 

PROTOTYPE IMPLEMENTATION OF A PROCESS MODEL FOR MULTIDIMENSIONAL DESIGN AND 
EVALUATION OF PROCESS CHAINS 

  

D. Grzelak, R. Freund, H. Wiemer and S. Ihlenfeldt  75 

AGENT BASED CLOUD SERVICES DISCOVERY   

R. M. Alhazmi and F. E. Eassa  79 

GENERATIONS OF INNOVATION MODELS AND THEIR CHARACTERISTICS – TOWARDS 
CREATING A NEW INNOVATION MODEL  

  

Lj. Stefanovska Ceravolo and R. Polenakovikj  85 

MODIFICATION ON ACTIVE MAGNETIC BEARINGS TEST-RIG FOR IMPLEMENTING DIFFERENT 
CONTROL ALGORITHMS 

  

S. Blazevic, S. Braut, Z. Car and R. Zigulic  89 

PICTOGRAM PHILOSOPHY (UNTRADITIONAL GRAPHIC LANGUAGE) IN THE DESIGN OF MOVIE 
POSTER 

  

R. Mahmoud  93 

THE INFLUENCE OF WEAVE ON THE PROPERTIES OF SINGLE CURVED FRP-LAMINATES   

C. Fiebig, B. Neitzel and M. Koch  97 

THE COMPARISON OF NUMERICAL MODELS FOR SIMULATION OF WATER TURBINE   

I. Biluš and L. Lešnik  101 

STUDY OF INFLUENCE OF GEOMETRY, ROTATIONAL SPEED AND HEAT GENERATED BY WOOD 
CUTTING ON VIBRATIONS OF CIRCULAR SAW BLADE 

  

N.Anđelić, Z.Car, S.Braut and R. Žigulić  105 

CARBON-DIOXIDE GAS SEPARATION FROM INDUSTRIAL FLUE GASES USING AN INNOVATIVE 
TUBULAR CERAMIC MEMBRANE TECHNOLOGY FOR MITIGATION OF GHG EMISSIONS 

  

B. I. Ismail and R. Feeny  111 

PERFORMANCE CHARACTERISTICS OF A SIMULATED GEOTHERMAL HEAT PUMP 
TECHNOLOGY FOR POTENTIAL HEATING APPLICATIONS AT GOLDCORP-MUSSELWHITE MINE 
SITE IN NORTHWESTERN ONTARIO, CANADA 

  

B. I. Ismail and A. Abdelrahman  115 

OPTIMIZATION AND COMPARISON OF WELDED I- AND BOX BEAMS   

M. Petrik and K. Jármai  119 

RISK MANAGEMENT IN PETROL STATIONS. PERCEPTIONS OF USERS, WORKERS, AND SAFETY 
TECHNICIANS 

  

JC. Rubio-Romero, A. López-Arquillos and M. Pardo-Ferreira  123 

INFLUENCE OF CUTTING PARAMETERS ON SURFACE ROUGHNESS IN TURNING PROCESS 
USING TAGUCHI METHOD 

  

D. Begic-Hajdarevic, B. Brdaric, M. Pasic, A. Cekic and M. Mehmedovic  127 

WALKING MECHANISM DYNAMICS MODELING AND CONTROLS   

E. Kljuno and M. Petrovic  131 

NEW POTENTIAL RISKS DUE THE NEARLY SILENT ELECTRIC AND HYBRID VEHICLES. 
OCCUPATIONAL DRIVERS PERCEPTION 

  

J.C. Rubio-Romero, C. Pardo-Ferreirauras, A. López-Arquillos and F. Galindo-Reyes  135 

OPTIMISATION OF BIOMASS TORREFACTION   

Z. Szamosi, H. Bouras, K. Jármai and Z. Siménfalvi  139 

METHOD OF ANALYZING TECHNICAL AND LEGAL CONVERGENCES AT THE LEVEL OF 
MUNICIPAL WASTE MANAGEMENT FROM THE PERSPECTIVE OF CIRCULAR ECONOMY 

  

V. F. Soporan, A. L. Pop and S. Pădurețu  143 

CASTINGS MANUFACTURE FROM THE PERSPECTIVE OF DIGITAL COMMUNICATION IN VIRTUAL 
SPACE 

  

M. M. Vescan  147 



 

 
International Conference On Innovative Technologies, IN‐TECH 2016, 

Prague, 6. ‐ 8. 9. 2016 
  

 
 

 

EXPERIMENTAL RESEARCH OF TENDON SUTURE QUALITY WITH MODIFIED KESSLERS AND 
CRUCIATE TECHNIQUES 

  

A. Cekic, G. Obradovic and Dj. Begic-Hajdarevic  151 

NET AND 5-FORCES ANALYSIS OF HEALTH FUNCTIONAL FOOD INDUSTRY IN SOUTH KOREA   

J. Lee, Y. J. Choi  155 

SIMULATION OF INDUCTION HEATING-HEAD AND SAMPLE SYSTEM BASED ON DIFFERENT 
SCHEMATIC MODELS 

  

B. Eckl, C. Blága and K. Beleon  157 

PRINCIPLE OF TOOTHED VARIATOR CREATION   

K. S. Ivanov, R. K. Koilybaeva, A. D. Dinassylov and B. T. Shingissov  161 

THE PROCESS OF AGEING OF BITUMINOUS BINDERS USED IN WATERPROOFING MATERIALS - 
LABORATORY TEST METHODS 

  

M. Ratajczak and M. Babiak  165 

SOFTWARE DOMINANT UNCONVENTIONAL OPTICAL IMAGING THROUGH ATMOSPHERIC 
TURBULENCE WITH ADVANCES TOWARDS REAL-TIME, DIFFRACTION-LIMITED PERFORMANCE 

  

W. Arrasmith, B. Webster and F. Saqib  169 

STRENGTHENING OF ECONOMIC COMPETITIVENESS BY PROMOTING ENERGY EFFICIENCY 
AND USE OF RENEWABLE ENERGY – CASE OF CROATIA  

  

D. Hruška, J. Bevanda and M. Erić  173 

COMPARISON OF MLP NETWORK AND GRAMMATICAL EVOLUTION IN MODELING OF 
NONLINEAR DYNAMIC SYSTEM  

  

S. Kajan and D. Pernecký  177 

SOME ASPECTS OF THE PROFICIENCY TESTING FOR DIMENSIONAL LABORATORIES USING 
THE GAUGE BLOCKS 

  

A.Softić and H.Bašić  181 

PERFORMANCE EVALUATION BY USING OVERALL EQUIPMENT EFFECTIVENESS (OEE): AN 
ANALYZING TOOL 

  

K. Mahmood, T. Otto, E. Shevtshenko and T. Karaulova  185 

TWO LEGS BALANCING ROBOT PROBLEMS: COMPARISON OF HUMAN AND APE 
CONSTRUCTIONAL DETAILS 

  

M. Rucki and N.E.A. Crompton  189 

ASSESSMENT OF THE DEFORMED LAYER DEPTH AND THE TENSIONS IN THE BURNISHING 
PROCESS WITH STRAIN HARDENING  

  

M. Kowalik, T. Mazur, M. Rucki and Z. Siemiątkowski  193 

BACK-PRESSURE UNCERTAINTY ESTIMATION FOR THE AIR GAUGE EXPERIMENTAL RIG   

Cz. J. Jermak, M. Jakubowicz, J. Dereżyński and M. Rucki  197 

AUTOMATED FIXTURE DESIGN SOLUTIONS FOR MACHINING AND FOR WELDING   

T. Szalay  201 

TRIP STEEL PROCESSING APPLIED TO LOW ALLOYED STEEL WITH CHROMIUM   

L. Kučerová, M. Bystrianský and V. Kotěšovec  205 

GLOCAL ADVERTISING A DIFFERENT CONCEPT OF LOCAL & GLOBAL ADVERTISING   

N. Ezzat and G. El-Di  209 

GESTURE RECOGNITION OF AMERICAN SING LANGUAGE USING KINECT   

S. Kajan and D. Pernecký  213 

MONITORING OF CHLORINE IN SWIMMING POOL BY FIBRE OPTIC SENSOR   

B. Obrovski, J. Bajić, M. Vojinović Miloradov, I. Mihajlović, A. Joža, N. Živančev and M. Živanov  217 

   



 

 
International Conference On Innovative Technologies, IN‐TECH 2016, 

Prague, 6. ‐ 8. 9. 2016 
  

 
 

 

A COMPARATIVE EXPERIMENTAL STUDY OF THE MACHINABILITY OF UD-CFRP USING RIGHT-
HAND-CUT AND LEFT-HAND-CUT END MILLS 

  

N. Geier, Gy. Mátyási and T. Szalay  221 

CONCEPT, DEFINITION AND STRUCTURE OF THE SYSTEM   

A. Macura  225 

INVESTIGATION OF THE LIMITS OF RADIUS MEASUREMENTS WITH THE APPLICATION OF 
COORDINATE MEASUREMENT TECHNOLOGY 

  

M. Czampa, J. Cs. Igali and T. Szalay  229 

GLOBAL AND S. KOREAN MARKET OPPORTUNITY ANALYSIS OF FORENSIC TECHNOLOGIES   

Y. L. Jung and Y. J. Choi  233 

FROM ELLIPTIC CURVE TO AUTOMATION?   

I. Markechová  235 

ELABORATION OF FRAMEWORK FOR GREEN AND COST EFFICIENT PACKAGE DEVELOPMENT 
FOR ELECTRONIC INDUSTRY 

  

E. Shevtshenko, T. Karaulova, M. Pohlak and K. Mahmood  239 

MODELLING AND CLOSED-LOOP IDENTIFICATION OF MAGNETIC LEVITATION   

P. Balko, M. Hypiusová and D. Rosinová  243 

POWER COST AND PRICING ESTIMATION OF A SUPERCOMPUTER BASED DATA CENTER   

M. Puskaric, Z. Car and G. Janes  247 

IN-SITU METHOD OF BALANCING HEAT FOR DETERMINATION OF EFFICIENCY OF ELECTRIC 
MOTOR FOR DRIVE PUMP COOLING WATER HIGH POWER 

  

N. Delalic, D. Kadric and B. Delalic  251 

TESTING OF IMPROVED GENETIC ALGORITHM IN RAMBERG–OSGOOD MATERIAL MODEL 
PARAMETERS IDENTIFICATION 

  

G. Janeš, Z. Car, M Puskaric and V. Margan  255 

FLAME AEROSOL SYNTHESIS OF OXIDES AND SALTS   

N. E. Machin  259 

COMPARATIVE ANALYSIS AND EVALUATION OF MEASUREMENT CAPABILITIES OF CONTACT 
AND NON-CONTACT DEVICES 

  

M. Sokac, V. Margan, Z. Car and I. Budak  263 

CONTROL MECHATRONIC SYSTEM OF THE ELECTRONIC DIFFERENTIAL SYSTEM DESIGN FOR 
SMALL EV 

  

V. Ferencey and M. Bugár  267 

DRIVING SIMULATOR MOTION PLATFORM DESIGN   

V. Croitorescu and R. Hariton  271 

MODAL ANALYSIS OF THE MULTILAYER SHELL   

J. Murín, S. Kugler, J. Hrabovský, D. Búc, V. Goga, M. Držík, V. Kutiš and Š. Rehák  275 

ONTOLOGICAL MODELLING FOR AVIATION SAFETY DOMAIN    

J. Ahmad and P. Křemen  279 

DYNAMIC ANALYSIS OF ROBOT MANIPULATORS: A COMPONENT MODEL APPROACH   

V. Damic and M. Cohodar  283 

A DEFINITION METHOD OF OPTIMAL CUTTING PARAMETERS FOR FACE TURNING OF 
METALLIC PARTS ACCORDING TO CUTTING FORCES AND TO SURFACE ROUGHNESS 

  

I. Biró and T. Szalay  287 

ONBOARD COMPUTER OF FIRST SLOVAK SATELLITE   

J. Slačka and O. Závodský  291 



 

 
International Conference On Innovative Technologies, IN‐TECH 2016, 

Prague, 6. ‐ 8. 9. 2016 
  

 
 

 

RUNNING ENDOTOXIN TEST TO ESTIMATE RISK OF USING NANOMATERIALS IN TRIBOLOGICAL 
PROCESSES 

  

H. Husain and J. Skopal  295 

EFFECTS OF MELT AND MOLD TEMPERATURE ON MECHANICAL PROPERTIES OF INJECTION 
MOLDED PART 

  

P. Raos, J. Stojsic and K. Peresin  299 

ANALYSIS OF EXTERNAL FACTORS DISTURBING PRODUCTION LEVELLING   

P. Rewers and J. Trojanowska  303 

ROAD TRANSPORT OF LIVESTOCK IN THE EUROPEAN UNION – ISSUES AND DEVELOPMENT 
PERSPECTIVES 

  

P. Trojanowski  307 

SYNERGETIC SYSTEM INTEGRATION   

Z. Kremljak and M. Hočevar  311 

INNOVATIVE APPROACH TO ECONOMIC EVALUATION OF ARTIFICIAL LIGHTING SYSTEMS IN 
THE DESIGN OR REDESIGN STAGE 

  

D. Franković, M. Maračić and V. Kirinčić   315 

AN AUTOMATED QUESTION ANSWERING SYSTEM FOR SUBJECTIVE INQUIRIES    

L. Acharya, B. Webster and W. Arrasmith  319 

THE PROCESS OF INTEGRATED MARKETING COMMUNICATION    

S. Firsova, V. Prajová and P. Božek  323 

PROPOSAL METHOD OF CHEMICAL PRE-TREATMENT ON HOT-DIP GALVANIZATION SURFACE 
FOR ADHESION ORGANIC COATINGS 

  

J. Svoboda, J. Kudláček and V. Kuklík  327 

POTENTIAL OF ANTICORROSIVE PROTECTION OF COATING SYSTEMS CONTAINING 
MAGNESIUM PIGMENTS 

  

M. Zoubek, T. Moulis, J. Kudláček, F. Herrman and Z. Car  331 

ANTICORROSIVE PROPERTIES OF COATING SYSTEMS CONTAINING MAGNESIUM PARTICLES 
ON AN ALUMINIUM ALLOY 2024 

  

P. Drašnar, L. Fialová, M. Zoubek and J. Kudláček  335 

NEW ANTISTATIC WATER-SOLUBLE COATING MATERIALS   

M. Zoubek, J. Otta, V. Kreibich, F. Matas and T. Pepelnjak  339 

CHEMICAL CLEANING INNER SURFACE HEATING AND ENERGY EQUIPMENT   

J.Kuchař, V. Kreibich, Z. Hazdra, H.Hrdinová and M. Petřík  343 

CORROSION RESISTANT COATING FOR THE PRINTING INDUSTRY   

J.Kuchař, M. Pakosta, P. Tesařiková and J. Miřejovský  347 

NUMERICAL SIMULATION OF STRAIN RATE IN THE STAMPING PROCESS   

M. Valeš, F. Tatíček, L. Chrášťanský and M. Kubelka  351 

THE INFLUENCE OF SCREW GEOMETRY ON EXTRUSION OF POLYPROPYLENE   

T. Pepelnjak and M. Jeseničnik  357 

   

   

 

  



 

 
International Conference on Innovative Technologies, IN‐TECH 2016, 

Prague, 6. ‐ 8. 9. 2016 
  

 
 

OPTIMISATION OF BIOMASS TORREFACTION 

Z. Szamosi 1, H. Bouras 2, K. Jármai1 and Z. Siménfalvi1 
1 University of Miskolc, Institute of Energy Engineering and Chemical Machinery, Hungary 

2 University of Debrecen, Hungary 

 
Keywords: Biomass; Biomass Upgrade; Optimisation; Renewable Energy; Torrefaction 

Abstract: In this paper, our last results about the research of the torrefaction is introduced. The torrefaction is 
a heat treatment process to increase the energy density of any kind of biomass. The most important 
technology conditions are the inert atmosphere, the temperature, which is necessary to be below 300°C and 
the residence time. The final product of the process is a solid fuel, which has a higher heating value. As the 
process needs external heat energy to heat up the system so that amount of energy is increasing along the 
residence time. However the energy demand is increasing the heating value increment is not so significant. 
During that research, the torrefaction, as a heat treatment process, was optimised according to residence time 
and input energy. The different residence times have been examined, which means different amount of 
external energy, in the function of the final heating value. In our research three different biomasses have been 
examined, wheat straw, rapeseed straw, and vine so in that investigation we would like to find the answer for 
the following question: which is the optimal point between the heating value increment and input energy? 
 
Introduction 

The principle of Torrefaction (in order to release the fragrance or flavour of certain goods) has been known for more than 5 centuries 
now (Maillard reaction). On the other hand, when it comes to Torrefaction of biomass (for energy purposes) the concept is much more 
recent and the purpose of the treatment process is not the same. Actually, the objective is not to release the flavours and fragrance, but 
rather to degrade the fibres contained in the biomass. Torrefaction (also referred to as depolymerisation) of biomass is a “soft” 
thermo-chemical treatment usually between 200 and 300° C in order to eliminate water and to modify a part of the organic matter of the 
biomass so that the fibres are broken. During the process of Torrefaction, the light organic matter is extracted and the structure of the 
biomass is depolymerized and modified which leads to the cracking of the fibres. This modification leads to a significant change of the 
physical properties of the biomass: the biomass becomes crumbly, (easy to break) which facilitates and enhances its shaping and 
compacting. The biomass becomes moderately hydrophobic, which allows longer duration storage without distortion of the product quality 
(no biological degradation, no fermentation). 
 
About Torrefaction 

Torrefaction of the biomass is different from the classical roasting of some edible goods (coffee, cacao, etc…) it consists of a 
thermo-chemical treatment allowing the elimination of water along with a transformation of a part of the organic matter. The biomass is not 
“grilled” but rather is heated uniformly from the outside inwards to the core.[1] 

If we take the particular case of wood, it is composed of hemicellulose, cellulose, lignin and other organic substances in lower 
quantities (polysaccharides, pentosanes, hexosanes, resins, tannins, colorants, alkaloids, etc…) these organic substances are often 
referred to as extracts. 

During torrefaction, the molecular structure of the wood is modified, which leads to a change in its properties. Torrefaction releases 
water and evaporates volatile organic matter by decomposition of the hemicellulose and the extracts. 

Lignin undergoes a minor modification though, more like softening and weakening, while cellulose is not affected at all by the 
temperature. Since the hemicellulose serves as a linkage for the cellulose, its suppression weakens the general structure and makes it 
fragile. Thus the material becomes friable. The degradation of the hemicellulose allows the elimination of the water and makes the wood 
irreversibly hydrophobic [2]. So when the water is evaporated, it can no longer be absorbed by the wood. 

From the point of view of energy, the energy contained in the biomass is almost totally preserved: for example, for the wood, 95% of 
the initial energy is conserved when the torrefaction is done at 240°C (specific torrefaction temperature of this material). 
 
Laboratory measurements 

At the University of Miskolc, in the laboratory of the Chemical Machinery Department the torrefaction process was analyzed. 
According to an early research, the torrefaction was occurred at 240°C for different residence time. During that research the correlation 
between the torrefaction residence time and heating value was analyzed. After 15 minutes the heating value increment was not significant. 
So in our recent research 1, 2, 3, 4, 5 minutes were investigated. 

The measurements were executed with the equipment which can be seen on the 1. Figure. The laboratory furnace has a heating 
surface (1) which can be controlled by the PID device (8) with temperature control (6). The (7) cylinder is a closable part of the device, 
which is the container of the premade biomass. The (5) nozzle is for the gas evacuation, the internal temperature (3) and the pressure (4) 
were measured by two sensors. 
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Fig.1 The laboratory scale furnace [3] 

The objective of this experiment is to measure the amount of the heat energy required for the torrefaction of wheat straw and its 
heating value for different residence times. From previous experiments, the oven temperature of 370°C is needed to obtain the 
corresponding torrefaction temperature of the wheat straws which is around 240°C. 

Two measurements have been conducted: 
• The results of the first measurement the power consumption required to maintain the oven and the empty container at the 

required temperatures (370°C and 240°C respectively) for the desired residence times. 
• The second measurement will have the power consumption required to maintain the oven and the container loaded with the 

biomass at the required temperatures (370°C and 240°C respectively) for the desired residence times. 
• The power consumption required to maintain the biomass alone at the torrefaction temperature 240°C will be equal to the 

difference of the two above mentioned measurements. 
In order to do this, the biomass is to be heated up in the laboratory oven up to a certain temperature and then left at this temperature 

for the desired time duration (residence time). This allows us to measure the power consumption required to heat up and maintain both the 
oven and the biomass at the desired temperatures. 

Note that because of an independent container is used, heat must be transferred from the heating surface to the container which will 
result in a difference in temperatures. Thus, the working temperature of the oven is higher than the desired torrefaction temperature (the 
temperature inside the container). 

Before starting the heating process, the container must be purged by sealed well to avoid any interference with the power 
consumption and the heating process. The container must be sealed off by using a high temperature rubber gasket to improve the isolation 
of the system. 

Then, while heating, the working pressure must be kept at around 1.1 bara. Pressure build up inside the container (due to evaporation 
of water and volatile material) must be avoided; the container has a manual valve which allows pressure control. By opening this valve 
more water vapour is allowed to escape and thus pressure will decrease inside. 

 
Measurement procedure 

The power consumption of the furnace as the energy was electricity a power consumption measurer was used (Voltcraft Plus) to 
determine the energy demand of the process. The measurement steps were the followings: when the temperature of the oven reaches 
370°C, the power consumption meter was reset to zero and the timer was started. When all the measurements were taken, the oven was 
switched off and was let it cool down to room temperature. The same procedure was repeated at least three times for consistency. Now 
proceed with measuring the power consumption required for the furnace and the biomass together, first 40g of biomass and was weighted 
then inserted it into the container. The container was taken into the preheated oven. The oven and container were insulated well to 
minimize the heat losses. When the internal temperature reaches the 240°C the power consumption was recorded. After each 
measurement the heating value of the biomass was determined in a calorimeter bomb in Parr 6200 type calorimeter (see on Fig. 2.). 

 
Table 1. Results of the higher heating value measurements 

 
Residence 

time 
[min] 

Ha 

[MJ/kg] 
H 

[m/m%] 
W 

[m/m%] 
Hu 

[MJ/kg] 

0 16,3630 4,98 7,2 15,100 

1 20.6978 5.22 4.41 19.4505 

2 22.0945 5.28 4.23 20.8385 

3 22.7005 5.35 4.05 21.4336 

4 23.0454 5.4 3.67 21.7769 

5 23.3204 5.6 3.52 22.0119 
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To determine the lower heating value of the biomass, according to the DIN standard [4] the following equation should be used: 
 
Hu = Ha – 24.42·(8.94·H + W) (1) 
 
where: Hu: heating value [J/g], 24.42 correction factor adequate for 1% moisture content on 25°C, Ha higher heating value [J/g], H the 

hydrogen content of the sample [m/m %], 8.94 the calculation coefficient of the hydrogen to water, W the moisture content of the sample 
[m/m %]. 

 

 

Fig. 2 The schematic drawing of the calorimeter 

 
As one can see according to the calorific measurements the increment of the heating value is significant if we compare to the initial 

heating value. The initial date is in the first line, the residence time „0“ means the untreated biomass, the raw wheat straw. 
In the Table 2 one can see the results of the two measurements. According to the different residence time the initial heating value 

(15,1 MJ/kg) of the wheat straw increased to the value which can be seen in the 4th column of the table. While 40 grams were taken into the 
container the 2nd column shows the energy demand of the heat treatment. The 3rd column shows the calculated values to unit mass of 
kilograms. The 5th column (name “Increment”) shows the energy increment from the initial heating value. The 6th column contains the 
difference between the heating value increment and the energy demand of the process. These are average values. 

 
Table 2. Results of the measurements 

 

Residence 
time 
[min] 

Energy 
demand 
[MJ/40g] 

Energy 
demand 
[MJ/kg] 

Heating 
value 

Hu 
[MJ/kg] 

Increment 
[MJ/kg] 

Increment-energy 
demand 
[MJ/kg] 

Gradient 

1 0.0216 0.54 19.4505 4.3505 3.8105 - 

2 0.036 0.9 20.8385 5.7385 4.8385 1.3879 

3 0.0432 1.08 21.4336 6.3336 5.2536 0.5951 

4 0.0504 1.26 21.7769 6.6769 5.4169 0.3433 

5 0.054 1.35 22.0119 6.9119 5.5619 0.2350 
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Fig. 3 The correlation of the residence time and the energy flow of the process 

 
In the above mentioned table one can see in the last column, the gradient, which means the gradient of the energy increment. That 

gives us the maximum recommended residence time, which is maximum 2 minutes. 
 
Conclusion 

During our research we try to find the optimum residence time of the torrefaction process. At the beginning we thought there will be a 
minimum of the energy increment decreasing the energy demand of the process, because of the endothermic reactions [5] which occurs 
during the heat treatment. In the comparison of the energy demand of the heat treatment, we have only taken into account the external 
heating energy. When that process would occur in a pilot plant, or in industrial scale plant there would be further energy demands (screw 
conveyors, gas system etc…) of the torrefaction which would be examined in a further research. 
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