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 Gasification is one of the major waste to energy technologies for renewable energy production. 
Agricultural residues have high potential to be used as significant source of renewable energy 
in Turkey. In this study, different gasification systems are compared to estimate the bioenergy 
potential of agricultural residues in Burdur province. Syngas produced from gasification 
process can be used as renewable fuel in internal combustion engines, turbines and boilers. 
Syngas energy potential of agricultural residues from air gasification of agricultural residues 
are evaluated in up-draft fixed bed, down-draft fixed bed and circulating fluidized bed systems. 
The results revealed that down-draft gasifier has shown the highest annual energy production 
potential of 402 MW in Burdur province. 
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1. INTRODUCTION 
 
The demand for energy has been steadily increasing in the last decades due to rapid growth in population and 
industrialization. Energy security is one of the main drivers of national energy policies in any country of the world today. 
Greenhouse gas emissions from fossil fuels have resulted in environmental pollution and global warming [1]. To reduce 
the negative impact of fossil fuel combustion, biomass is considered as one of the most promising routes for renewable 
energy production and for alleviating the environmental hazards [2-4].  
 
Biomass resources are carbonaceous materials derived from agricultural crops, forestry, agro-industrial and urban waste. 
Biomass energy has advantage of being stored and transformed into heat and electricity, unlike the other renewables. 
Utilization of agricultural residues have several advantages such as recovering energy from waste materials, using local 
renewable energy source, providing environmental protection, etc. In the view of these issues, using the energy potential 
of these residues gain more importance in terms of sustainable development.  
 
Gasification is an attractive energy production alternative from organic waste materials [5-7]. It is an environmentally 
friendly way of using bio-wastes for energy purposes [8]. Gasification results in higher energy recovery and heat capacity 
with respect to combustion and pyrolysis of biomass due to the optimum utilization of available biomass feedstock [9]. In 
gasification process biomass is converted into syngas by the partial oxidation of the solid fuel at high temperature, in the 
range of 800-1000 °C [10]. 
 
The gasification efficiency strongly depends on the operational parameters such as moisture content of biomass, gasifying 
agent, equivalence ratio, gasifier temperature, particle size of biomass, etc. [11]. Gasification can be carried out by using 
air, oxygen and/or steam as a gasifying agents. Product gas from gasification is the syngas which contains hydrogen, 
carbon monoxide, carbon dioxide, methane and nitrogen [12, 13]. Vast literature is available on the investigations of 
biomass gasification by using different gasifying agents, temperatures and gasifiers [14-18]. Air is widely used as gasifying 
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agent and among the alternatives such as steam, air/steam, oxygen, air gasification is the most economical and 
operationally advantageous option [19].  
 
High economic contribution of agricultural activities in Turkey signify the availability of agro residues for energy 
production. Burdur province which is located in the West Mediterranean Region of Turkey. The economy of the city 
strongly depends on agricultural activities and livestock farming. Hence, there is high bio-waste potential. In this study, 
gasification energy potential of agricultural residue inventory in Burdur province has been evaluated with different types 
of gasifiers by using the previously published syngas composition data [11, 18].   
 
2. MATERIALS AND METHODS 
 
In this study, agricultural residue based gasification performance and syngas energy production potential is estimated for 
Burdur province by using different air-gasification technologies. The agricultural production data provided from Turkish 
Statistical Institute is given in Table 1 [20]. Variety of gasifiers have been developed for partial oxidation of the solid fuels 
such as fixed bed downdraft, fixed bed updraft, fluidized bed. Schematic description of the gasifier types used in this study 
is demonstrated in Fig. 1. As can be seen from the figure, in the updraft gasifiers, the gasifying agent enters the system 
from the bottom part of the gasifier and leaves from the top. Biomass on the other hand, enters the system from the top of 
gasifier and move toward the bottom where it gets oxidized and generate flue gases. In downdraft gasifiers both biomass 
enters the system from the top and biomass and air move in the downward direction of the gasifier unit. Fluidized bed 
gasifiers are known by their fuel flexibility characteristics. In circulating fluidized beds, biomass circulates within the 
gasifier and the cyclone separator. Table 2 reports indicative variation of syngas composition for different air-gasifiers. 
 

Table 1.  Agricultural production in Burdur [20]. 
Agricultural 

Products 
Production Rate 

(ton/year) 
Wheat 135661 
Corn 369643 

Barley 70435 
Rye 7131 
Oat 20023 

Sugar Cane 186801 
Tomato 1449623 

Olive 271 
Walnut 2511 

 
Table 2.  Experimental results of woody biomass gasification using different types of gasifiers [18]. 

Gas composition 
(% vol, dry basis) Updraft Downdraft CFB 

H2 11 17 14.1 
CO 24 21 18.7 
CO2 9 13 14.7 
CH4 3 1 3.5 
N2 53 48 47.7 
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Fig.1. Different gasification technologies (a) updraft, (b) downdraft, (c) circulating fluidized bed (CFB) 

 
3. RESULTS AND DISCUSSION 
 
Biomass gasifiers convert solid biomass into gaseous products to be used for energy production. Gasification performance 
and syngas composition of biomass strongly depend on the operating parameters and type of the gasifier system. Energy 
content of the produced syngas is generally expressed by its heating value (MJ) generated from 1 Nm3 of syngas [11]. Agro 
residue energy potential of Burdur province has calculated by using the previously published experimental data. 
Estimated syngas composition of the biomass residues are shown in Fig. 2. As can be seen from the figure downdraft 
gasifier has shown to have higher hydrogen, carbon monoxide, carbon dioxide and nitrogen emission indicating higher 
energy production performance compared to updraft and circulating fluidized bed systems.  

 
Fig.2. Production rate of different syngas components from updraft, downdraft and CFB systems 

 
Influence of the reactor type (updraft, downdraft and circulating fluidized bed gasification systems) on energy production 
are presented in Table 3. The results revealed that downdraft gasifier system can provide higher potential of energy 
generation from agricultural residues in Burdur province with respect to updraft and fluidized bed technologies. 
 

Table 3.  Energy production from different air-gasification systems estimated for agricultural residue potential of Burdur 
province  

 kWh 
Updraft 293,788 
Downdraft 401,902  
CFB 254,795 

 
4. CONCLUSION 
 
Biomass gasification is a well-known technology pathway to convert biomass to hydrogen and other products, without 
combustion. The influence of various gasification systems in the final composition of syngas was evaluated for Burdur 
province based on the previously published experimental data. Conlusions can be drawn that there is significant potential 

 
                (a)                                         (b)                                     (c) 
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of agricultural residue in the Burdur province. Comparisons have shown that downdraft gasifier has higher energy 
production capacity than those of updraft and circulating fluidized bed systems. Burdur province has shown to have 402 
MW annual thermal energy production potential from downdraft air-gasification of agricultural residues.  
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