
VIII International Scientific Colloquium 

Modelling for Materials Processing 

Riga, September 21 - 22, 2017 

 

 

Combustion Dynamics of Biomass Mixtures with Microwave Pre-

Processing of Pellets 
 

I. Barmina, A. Kolmičkovs, R. Valdmanis, S. Vostrikovs, M. Zake 

 

Abstract 

 

Combustion dynamics of wheat straw mixtures with wood or with peat pellets is 

studied experimentally with the aim to provide a more effective application of wheat straw for 

heat energy production. Microwave pre-processing of pellets is used to activate their thermal 

decomposition and thus enhance the release and thermo-chemical conversion of combustible 

volatiles. Results of the complex measurements of the main flame characteristics and 

composition of the products show that the enhanced thermal decomposition of pellets 

provides improvement of the combustion conditions in the flame reaction zone completing 

thus the combustion of volatiles, increasing the flame temperature, the heat output from the 

device and energy efficiency and decreasing at the same time the mass fraction of unburned 

volatiles in the products. 

 

Introduction 

 The EU Energy Policy Strategy, which complies with the Kyoto Protocol, prescribes 

the increased use of cleaner renewable energy sources, partially replacing the fossil fuels with 

the second generation fuel – wood and agriculture residues [1]. Growing demand for 

application of agriculture residues for energy production stimulates the production of different 

types of straw pellets (rape, rice, wheat), which have been known as a more problematic fuel 

if compared with wood because of the lower heating values (LHV, HHV), higher nitrogen and 

ash contents in biomass. For that reason, there is a necessity to improve the main combustion 

characteristics and composition of emission [2, 3]. In order to ensure the wider use of straw 

for energy production, the co-combustion of straw with renewable or fossil fuels may be used 

to reduce greenhouse gas emissions during the heat energy production and to improve the 

main combustion characteristics and the composition of emissions [4]. Further improvement 

of the combustion characteristics and composition of emissions if straw is used as a fuel, can 

be achieved using microwave (mw) pre-processed straw pellets that reduces the content of 

physically bounded water and partially decomposes hemicelluloses, cellulose and lignin, thus 

reducing the hydrogen-to-carbon (H/C) and oxygen-to-carbon (O/C) content in biomass 

pellets while increasing their calorific value [5-7]. Actually, it has been demonstrated that 

mw-pretreatment is an interesting and efficient alternative for biomass conversion to high 

quality biofuels [8-10]. 

The results of previous research showed that the microwave pretreatment of biomass 

pellets could enhance the thermal decomposition of biomass pellets with a faster and more 

complete thermo-chemical conversion. The main aim of the current study is to provide a more 

efficient use of wheat straw for energy production by co-combusting straw with wood or with 

peat pellets and assuring in this way additional improvement of the energy properties of straw 

pellets at their mw pre-processing. The influence of mw pre-processing of straw pellets on the 
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development of combustion dynamics at thermo-chemical conversion of the activated straw 

mixture with wood or with peat pellets is estimated and analyzed. 

 

1. Experimental 

 

 The effects of mw pre-processing of the mixture components (wheat straw mixtures 

with wood or with peat pellets) on the gasification/combustion characteristics were studied 

using a pilot device with a heat output up to 2 kW, which combines a biomass gasifier filled 

with biomass pellets and the water-cooled sections of the combustor [4]. The experiments 

were carried out using mixtures of straw with wood or with peat pellets, where the straw mass 

load in the mixture was 30%. To provide activation of the straw thermal decomposition, the 

straw pellets were pre-processed in a microwave oven at the frequency ν = 2.45 GHz during t 

= 180 s on the average. The gasification/combustion characteristics were studied 

experimentally with the primary air (q1) supplied below the biomass layer at the average rate 

q1 = 20 l/min to sustain the thermal decomposition of the biomass mixture and the formation 

of combustible the volatiles (CO, H2). The secondary swirling air flow was supplied at the 

bottom of the combustor at the average rate q2 = 30 l/min to sustain the burnout of the 

volatiles downstream the combustor. A propane flame flow was supplied into the upper part 

of the biomass layer to initiate the thermal decomposition of the biomass pellets and it was 

turned off after the ignition of the volatiles (t = 360 s). To assess the influence of the straw 

pre-processing on the development of the main gasification/combustion characteristics at 

thermo-chemical conversion of activated mixtures, the experimental study involved complex 

time-dependent measurements of the mixture weight loss as well as of the composition of 

released volatiles entering the combustor, the flame temperature, the heat output from the 

device and the composition of the products. The FTIR spectrum analysis in the mid-IR range 

assisted in measuring the composition of the volatiles entering the combustor. Pt-Pt/Rh 

thermocouples were used to measure the flame temperature with data online registration by a 

Pico logger. To revalue the influence of the straw pre-processing on the heat output of the 

device, calorimetric measurements of the cooling water flow were made using thermo sensors 

AD590 with online data registration by a Data Translation DT9800 series plate. The 

composition of the products and the combustion efficiency were measured using a Testo 350 

gas analyzer. The biomass weight loss rate was estimated from the measurements of the height 

of the biomass layer in the gasifier by a moving rod with a pointer. Online data registration of 

the main gasification/combustion characteristics was made once per second.  

 

2. Results and discussion 

  

 The microwave pre-processing of straw pellets starts with the removal of the 

physically bounded water and it is followed by the changes in biomass chemical composition 

due to the appearance of hot spots, which initiates the breakdown of the glycosidic structure of 

polysaccharides into smaller fragments, reducing the crystallinity of cellulose and providing 

carbonization of the cell wall structure [6-10]. The changes in structure at the mw pre-

processing of straw pellets are responsible for the enhanced thermo-chemical conversion of 

the mw-activated wheat straw pellets and their mixtures with wood and with peat pellets, thus 

increasing the weight loss at their thermo-chemical conversion. The thermo-chemical 

conversion of the activated straw pellets gives evidence of an increase of the average weight 

loss rate from 0.1 g/s to 0.12 g/s (by about 20%), with the formation of two sharp peaks in the 

time-dependent variations of the weight loss rates (Fig. 1-a), which refers to the primary stage 

of flaming combustion of volatiles (t ≈ 700-900 s) and to the end stage of char conversion (t ≈ 
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1000-1350 s). The DTG analysis of the unprocessed wheat straw pellets showed the formation 

of a sharp weight loss peak at T ≈ 570 K, which can be related to the thermal decomposition 

of hemicelluloses and cellulose, and of a less pronounced peak at around 690 K, which can be 

related to the char formation and conversion [4]. Hence, the results of the DTG analysis of the 

wheat straw thermal decomposition suggest that the mw pre-processing of straw pellets results 

in enhanced thermal decomposition of hemicelluloses and cellulose during the primary stage 

of self-sustaining thermal decomposition of straw pellets and flaming combustion of volatiles 

with a more pronounced weight loss during the final stage of char conversion. The activation 

of the thermal decomposition of the mw pre-processed straw pellets make an influence to the 

combustion process of wood and peat pellets. The average weight loss of the activated straw-

wood pellet mixture with the 30% straw mass load increases from 0.11 g/s to 0.127 g/s 

(≈15.5%), whereas the average weight loss of the activated straw-peat pellet mixture increases 

from 0.094 g/s up to 0.116 g/s (≈23.4%) (Fig. 1-b,c). 

 
Fig. 1. Effect of mw pre-processing of wheat straw 

pellets on the weight loss rates at thermo-chemical 

conversion of straw (a) and of mixtures of straw 

with wood (b) and with peat (c) pellets 

 

The FTIR measurements of the 

spectrum of the volatiles produced at the 

enhanced thermal decomposition of the 

mixtures showed that the mw pre-processing of 

straw provides an enhanced release of the 

combustible volatiles (H2, CO, CxHy) (Fig. 2-

a,b). When comparing the kinetics of the 

formation of volatiles for the activated 

mixtures of straw with wood or with peat 

pellets, one can see a difference in time-

dependent variations of the formation of 

combustible volatiles at the thermal decomposition of wood and peat pellets. The mw pre-

processing of straw pellets resulted in enhanced release of CO at the primary stage of thermal 

decomposition (t < 800-1000 s), whereas the peat pellets demonstrated the enhanced release 

of CO at the final stage of char conversion. 

With the unchanging primary and secondary air supply rates into the device, the 

thermo-chemical conversion of the unprocessed straw mixtures with wood or with peat pellets 
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develops with the average air excess ratio in the flame reaction zone at about α ≈ 1.6-1.7. The 

enhanced thermal decomposition of the activated straw mixture with wood pellets promotes 

the enhanced mass flow of combustible volatiles into the combustor that leads to the variation 

in fuel supply, thus decreasing the average air excess ratio in the flame reaction zone from α ≈ 

1.7 to α ≈ 1.4 (Fig. 3-a). When combusting a mixture of activated straw with peat pellets, the 

average air excess ratio decreases from α ≈ 1.65 to α≈1.35 demonstrating improvement of the 

combustion conditions, which results in faster and more complete combustion of volatiles 

leading to the increase of the peak and average values of the heat output from the flame 

reaction zone and produced heat energy per weight of burned mixture (Fig. 3-b). 

At the thermo-chemical conversion of the mixture of activated straw-wood pellets the 

average heat output from the reaction zone increased by ~25% with the increase of the total 

heat output from the device by ~12%. The heat output from the reaction zone for the activated 

straw-peat pellet mixture grew by ~13% with the correlating increase of the total heat output 

from the device by ~20% and of the produced heat energy per mass of burned mixture by 

~6%, which confirms that the mw activation of straw pellets results in more complete thermo-

chemical conversion of the mixture. 

Fig. 2. Effect of mw pre-processing of wheat straw pellets on the release of combustible volatiles 

(CO) at thermo chemical conversion of activated straw mixtures with wood (a) and with peat (b) 

pellets 

 

Fig. 3. Effect of wheat straw pellets mw pre-processing on the heat output from the flame reaction 

zone at thermo chemical conversion of activated straw mixtures with wood (a) and with peat (b) 

pellets 

0.0

0.1

0.2

0.3

0 1200 2400time, s

A
(C

O
),

 r
e
l.

 u
n

.

straw
straw-mw
30% straw + wood
30% straw-mw + wood

a

0.00

0.13

0.26

0 1800 3600
time, s

A
(C

O
),

 r
e
l.

 u
n

.

straw
30% straw + peat
30% straw-mw + peat 

b

0

0.3

0.6

0 2000 4000
time,s

H
e
a
t 

o
u

tp
u

t,
k
W

Pcomb; straw  30%+ peat

Pcomb; straw  30% mw + peat

b

0

0.3

0.6

0 1200 2400
time,s

H
e
a
t 

o
u

tp
u

t,
k
W

Pcomb; straw  , 

Pcomb; straw  30% +w ood, 

Pcomb; straw  30% mw  +w ood, 

a

136



 Finally, it should be noted that the activation of the thermal decomposition of mixtures 

enhances the composition variations of the emission gas (Fig. 4-a,c). With the activated 

thermal decomposition of the mixture of straw with wood, the average value of the CO2 

volumes fraction in the products increased by ~2%, whereas for the mixture of straw with peat 

by ~2.2%. In addition, the co-combustion of straw with wood results in decrease of the 

average values of the polluting NOx emissions from 214 ppm to 190 ppm (by ~10%), whereas 

a slight growth of the NOx emission in the products (by ~5%) was observed for the mixture of 

straw with peat, which predominately can be related to the higher nitrogen content in the peat 

pellets (1.14%) in comparison with straw (1.01%). 

Fig. 4. Effect of wheat straw pellets mw pre-processing on greenhouse carbon (CO2) (a, c) and 

polluting NOx emission (b, d) at thermo-chemical conversion of activated straw mixtures with wood 

(a, b) and with peat (c, d) pellets 

 

Conclusions 

 

The co-combustion of straw with wood or with peat pellets, with the 30% straw mass 

load in the mixture, was studied experimentally to provide a wider use of straw as a fuel with 

a more complete thermo-chemical conversion of pellets, increased heat output from the device 

and reduced polluting NOx emission in the products if compared with the thermo-chemical 

conversion of straw. 

Additional improvement of the combustion conditions and composition of emissions is 

achieved by mw pre-processing of straw pellets. The activation of straw pellets by mw pre-

processing provides enhanced thermal decomposition of the activated straw mixtures with 

wood and with peat pellets promoting enhanced release and more complete thermo-chemical 

conversion of the combustible volatiles (CO, H2) and thus increasing the heat output from the 
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device by about 30% at the co-combustion of straw with wood, but with a less pronounced 

increase of the heat output (by about 8%) at the co-combustion of activated straw with peat. 

The enhanced release and more complete thermo-chemical conversion of volatiles 

result in increase of the average value of the carbon-neutral CO2 volume fraction in the 

products by about 2-2.2%. The thermo-chemical conversion of the activated straw mixture 

with wood pellets leads to reduction of the mass fraction of polluting NOx emissions in the 

products by about 10%, with a slight increase (by about 5%) of NOx emissions at the thermo-

chemical conversion of the activated straw mixture with peat, which is the main negative 

result when co-combusting straw with peat. 

 

Acknowledgments 

 

The authors would like to acknowledge the financial support from the Latvian research 

grant No. 623/1 and European Regional funding of the project SAM 1.1.1.1/16/A/004 

 

References 
[1] Oettinger, G. H., Energy 2020. A strategy for competitive, sustainable and secure energy, European Union, 

2011, p.28, https://ec.europa.eu/energy/sites/ener/files/documents/2011_energy2020_en_0.pdf 

[2] Larsson, S.H., Therel, M., Geladi, P., Lestander, T.A., High quality biofuel pellet production from pre-

compact low density raw materials. Bioresour Technol. 2008, vol.99, pp. 7176-7182. 

[3] Olsson, M. Wheat straw and peat for fuel pellets – organic compounds from combustion. Biomass and 

Bioenergy, vol. 30, 2006, pp. 555-564. 

[4] Barmina, I., Valdmanis, R., Zake, M., 2016, Wheat straw combustion and co-firing for clean heat energy 

production, Chemical Engineering Transactions, 2016, vol.52, pp. 919.-924. 

[5] Barmina, I., Līckrastiņa, A., Valdmanis, J., Valdmanis, R., Zaķe, M., Arshanitsa, A., Solodovnik, V., 

Telysheva, G., Effect of microwave pre-processing of pelletized biomass on gasification and combustion 

characteristics, Latvian Journal of Physics and Technical Sciences, 2013, no. 4, pp. 34-48. 

[6] Arshanitsa, A., Akishin, Y., Zile, E., Dizhbite,T., Solodovnik,V., Telysheva, G., Microwave treatment 

combined with conventional heating of plant biomass pellets in a rotated reactor as a high rate process for 

solid biofuel manufacture, Renewable Energy, 2016, vol. 91, pp. 386-396. 

[7] Fang, Z., Smith, R.L., Qi, X., Production of Biofuels and Chemicals with Microwave,2014, Springer, pp. 271. 

[8] Ethaib, S. Omar, R., Kamal, S.M.M., Biak, D.R.A., Microwave-assisted pretreatment of lignocellulosic 

biomass: a review, Journal of Engineering Science and Technology, 2015, pp. 97- 109. 

[9] Ingole, P.M., Ranveer, A.C., Deshmukh, S.M., Deshmukh, S. K., Microwave assisted pyrolysis of biomass: a 

review, International Journal of advanced Technology in Engineering and Science, 2016, vol. 4 (6), pp. 78-

84. 

[10] Lanigan, B., Microwave Processing of Lignocellulosic Biomass for Production of fuels, 2010, Thesis of 

Doctor of Phylosophy, University of York, Department of Chemistry, p. 258. 

 

Authors 
Dr.sci.ing. Barmina  Inesa     M.sci.ing. Kolmičkovs Antons 

Institute of Physics, University of Latvia   Institute of Physics, University of Latvia 

32 Miera Street, LV2469, Salaspils, Latvia   32 Miera Street, LV2469, Salaspils, Latvia 

E-mail: inesa.barmina@lu.lv    E-mail: antons.kolmickovs@lu.lv  

   

B.Phys. Valdmanis Raimonds    Dr.sci.ing., Vostrikovs Sergejs 

Institute of Physics, University of Latvia   Institute of Physics, University of Latvia 

32 Miera Street, LV2469, Salaspils, Latvia   32 Miera Street, LV2469, Salaspils, Latvia 

E-mail: rv11008@lu.lv     E-mail: sergejs.vostrikovs@lu.lv 

 

Dr.Phys. Zake Maija 

Institute of Physics, University of Latvia 

32 Miera Street, LV2469, Salaspils, Latvia 

E-mail: maija.zake@lu.lv 

138




