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Introduction 
Cereal straw and other waste biomass streams 

represent a large source of renewable energy in 

central Europe. However, this energy source is 

regionally distributed. Due to low bulk density of these 

materials (70-120 kg/m3), collection and transportation 

of biomass waste to a waste to energy plant can 

significantly increase the process cost and cause 

additional environmental load. The required amount of 

waste biomass is usually not available in the area 

close to the plant, and thus, the raw material has to be 

transported from far distances, which extremely 

affects the economy of the process. One of the 

solutions offered is a network of small pyrolysis units 
in combination with a central gasification plant. 

Fig. 1: Scheme of two stage 

pyrolysis-gasification network 

Conclusion 
A network of pyrolysis units significantly reduces the volume of waste biomass and enables easy transportation of waste to a central gasification and power generation plant. Computer aided conceptual 
design of pyrolysis units and the gasification plant proved the suitability of such a system in a real region of Slovakia. A network of six pyrolysis units processed 38.5 t/hr of biomass to produce 25.71 t/hr of 
bio-oil, 6.69 t/hr of bio-char and gases. The gas product can cover the  energy requirement of the pyrolysis process. The oil and char products can be used in a central gasification combined heat and power 
plant to generate 27,7 MW of electricity and 125 MW of heat. Optimal air to feed mass ratio in the gasification reactor was 2, and in case of using oxygen as the oxidizing agent, the optimal O2 to feed mass 
ratio was 0.47. 
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Fig. 2: Selected region for study 

Fig. 3: Pyrolysis process flow diagram 

Fig. 5: Pyrolysis yields at different 

temperatures 

Biomass pyrolysis in 6 pyrolysis units 
 

Slurry gasification  
.  

Tab. 2: Proximate and elemental composition of biomass 

 *dry basis, ** calculated to 100% 

Bulk density 

[kg/m3]:  

Straw 40-60 

Compressed 
straw 70-120 
Wood chips 160-250 
Hay 50-80 

Compressed  
hay 150-250 

Heating value: 

15-20 [MJ/kg] 

Lignocellulosic waste biomass 

• wood and wood 

waste from forestry 

and wood 

processing industry,  

• waste from 

agriculture and 

landscape 

maintenance 

Surface area : 3800 km2  

Distance between the outermost points: 120 km.  

Region with highly developed agriculture and related 

industry.  

Agricultural waste  produced: 75.3x104 ton/year from 

the cultivation of wheat, barley and corn  

Portion returned to the land:  60 %  (44.4x104 ton/year)  

Available for energy applications:  40% (30.9x104 

ton/year) 

Sub-region 
Type of  

biomass 

Waste  

ton/year 

For energy 

applications  

(ton/year) 

Dunajská streda 

wheat 53525.6 21410.2 

barley 22210.4 8884.1 

corn 153131.4 61252.6 

Trnava 

wheat 41117.6 16447 

barley 170019.6 68007.8 

corn 49008.1 19603.2 

wood 13214 13214 

Hlohovec 

wheat 13857.2 5542.9 

barley 4479.3 1791.7 

corn 10704.1 4281.6 

Piešťany 

wheat 21911.4 8764.5 

barley 13492.9 5397.2 

corn 33163.6 13265.4 

Galanta 

wheat 29404 11761.6 

barley 12885.9 5154.4 

corn 63127.6 25251 

Senica 

wheat 13579.4 5431.7 

barley 7022 2808.8 

corn 27743.2 11097.3 

Total 753597.3 309367 
Tab. 1: Available waste biomass in 

selected region 

Fig. 4: Central gasification process flow diagram 

Waste 

source Moisture VM* FC* ASH* C H N S O** 

wheat 10 79.92 15.18 4.90 42.80 5.44 0.6 0.00 46.26 

barley 
10 85.00 8.10 6.90 49.70 6.90 1.00 0.70 34.80 

corn 
10 81.92 16.00 2.08 50.88 5.26 0.74 0.19 40.85 

wood 
10 85.89 13.15 0.96 52.70 5.34 0.50 0.00 40.50 

+ =

Oil fraction was assumed to be mixed with ground 

char fraction to a slurry to enable its pumping and 

transportation by tankers. However, mixing of 

pyrolysis products to bio-slurry is optional; the 

alternative to this method is separate transportation 

of solid and liquid products. 
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Small pyrolysis units dramatically reduce 

the volume of waste and concentrate the 

waste energy content into pyrolysis 

products which are transported to the 

central gasification plant. Pyrolysis 

products collected from all pyrolysis units 

are gasified and produced gas is used in 

combined heat and power generation.  

This work deals with computer design and 

simulation of such a system including all 

pyrolysis units and a central gasification 

plant.  

Component / location 
Dunajsk§ 

streda  
Trnava Hlohovec PieġŠany Galanta Senica Total 

Biomass (t/hr) 11.44 14.45 1.45 3.43 5.27 2.42 38.46 

Bio-oil (t/hr)  8.04 9.63 0.88 2.21 3.41 1.54 25.71 

Pyro-gases 1.46 2.39 0.29 0.62 0.95 0.45 6.16 

Bio-char (t/hr)  1.94 2.43 0.28 0.6 0.91 0.43 6.59 

Gas composition 

(kg/hr)  

       CO2 1417 1058 128 275 421 199 3499 

CO 580 433 53 112 172 82 1431 

CH4 276 206 25 53 82 39 682 

H2 46 34 4 9 14 6 114 

ETHANE  345 258 31 67 102 49 852 

PROPANE 253 189 23 49 75 36 625 

N-BUTANE 133 100 12 26 40 19 329 

I -BUTANE 67 50 6 13 20 9 165 

PENTANE 83 62 8 16 25 12 204 

 

In total, 38.46 t/hr of 

biomass waste are 

processed in all pyrolysis 

units. The moisture 

content of dried biomass 

is 10 wt.% due to its 

reduction in a dryer 

before entering the 

pyrolysis reactor. Total 

flow of oil, char and gas 

are 25.71, 6.59 and 6.16 

t/hr, respectively 

Tab.4: Pyrolysis yields and gas composition, reactor 
temperature of 500 oC, pressure of 101 kPa.  

Comp. Mois. VM* FC* ASH* C H N S O** 

Slurry 18.82 84.63 11.7 3.67 58.71 5.38 0.79 0.02 31.42 

Tab. 3: Proximate and elemental composition of 
bio-slurry, . *dry basis, ** calculated to 100% 

Gasification with air   
.  

  SLURRY Air SYNGAS ASH 

Temperature [°C] 25 100 1130 1130 

Pressure [bar] 1,1 30 1,01325 1,01325 

Mass flow [kg/h] 32300 88386 119724 963 

Component mass flow 

[kg/h] 
        

H2 0.0 0.0 1109.8 0.0 

CO 0.0 0.0 25529.7 0.0 

CO2 0.0 0.0 16297.8 0.0 

H2O 0.0 0.0 8774.3 0.0 

SO2 0.0 0.0 0.0 0.0 

N2 0.0 67799.7 68007.2 0.0 

O2 0.0 20586.7 0.0 0.0 

H2S 0.0 0.0 5.3 0.0 

NH3 0.0 0.0 0.2 0.0 

Bio-oil 25710 0.0 0.0 0.0 

Bio-char 6160 0.0 0.0 0.0 

Gasification with O2   
.  

  SLURRY O2 SYNGAS ASH 

Temperature [°C] 25 100 1130 1130 

Pressure [bar] 1.1 30 1.01325 1.01325 

Mass flow [kg/h] 32300 15440 46778 963 

Component mass flow 

[kg/h] 
-46.07 0.26 -45.91 0.09 

H2 0.0 0.0 1449.0 0.0 

CO 0.0 0.0 29826.3 0.0 

CO2 0.0 0.0 9546.9 0.0 

H2O 0.0 0.0 5743.7 0.0 

SO2 0.0 0.0 0.0 0.0 

N2 0.0 0.0 207.7 0.0 

O2 0.0 15440.0 0.0 0.0 

H2S 0.0 0.0 5.3 0.0 

NH3 0.0 0.0 0.0 0.0 

Bio-oil 24176.0 0.0 0.0 0.0 

Bio-char 8124.0 0.0 0.0 0.0 

O2 (kg/hr)

V
o

lu
m

e
 f

ra
ct

io
n

Air (kg/hr)

V
o

lu
m

e
 f

ra
ct

io
n

Tab.5: Products of gasification with air, reactor 

temperature of 1130 °C, calculated gas 
heating value of 4 MJ/Nm3.  

Tab.6: Products of gasification with O2, 

reactor temperature of 1130 °C, calculated 
gas heating value of 10 MJ/Nm3.  

Fig. 5: Composition of producer gas using air as the 
gasification agent (content of N2 is not shown) 

Fig. 5: Composition of producer gas using  O2 as 
the gasification agent 
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