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Introduction

Biomass is a promising energy source to reduce the use of fossil fuels for en-
ergy generation and to mitigate greenhouse gas emissions. Agro-wastes are read-
ily available energy sources in huge amounts all over the world. Embodiment of 
biomass combustion technologies in energy systems can play significant role in 
sustainable development of nations.

Applications of biomass in combustion systems may create some operational 
problems related to ash effects. Reliable prediction of combustion characteristics 
related to biomass ash is essential for reactor designers and plant operators for 
successful and continuous operation. In this regard, in this study, the ash behav-
iors during fluidized bed combustion of agro-wastes were predicted in terms of 
slagging, fouling, corrosion and agglomeration of bed material with empirical in-
dices for biomass and low rank coals.

Biomass as a Renewable Energy Source

Increasing concerns on global climate change in relation with fossil fuel com-
bustion has led to focus on new environmentally friendly and renewable solutions. 
Among the renewable energy sources such as solar, hydro, wind, etc., biomass is 
the only carbon based, cost-effective sustainable source (1). It is one of the most 

1	 Burdur	Mehmet	Akif	Ersoy	University,	Turkey,	drzuhalakyurek@gmail.com
2	 Pakistan	Institute	of	Engineering	and	Applied	Sciences,	Pakistan,	atta@pieas.edu.pk
3	 Universiti	Teknologi	Petronas,	Ipoh,	Perak,	Malaysia,	shaharin@utp.edu.my
4	 Akdeniz	University,	Turkey,	afsingungor@hotmail.com

Chapter

4

THE PREDICTION OF ASH 
RELATED ISSUES DURING 

AGRO-WASTE COMBUSTION IN 
FLUIDIZED BEDS



The Prediction of Ash Related Issues During Agro-Waste  
Combustion in Fluidized Beds

- 49 -

Keywords: Agro-waste, ash, slagging, fouling, agglomeration, fluidized bed 
combustion.

References
1. Khan AA et al. Fuel Processing Technology. 2009; 90: 21.
2. Bhattacharya SC et al. Biomass and Bioenergy. 2003; 25: 471.
3. Wong SL et al. Renewable and Sustainable Energy Reviews. 2015; 50: 1167.
4. Akyürek Z. Sustainability 2019; 11: 2280.
5. Turkenburg, W.C. et al. (2011). Chapter 11 - Renewable Energy. In Global Energy 

Assessment - Toward a Sustainable Future, Cambridge, UK: Cambridge University 
Press, and New York, NY, USA and the International Institute for Applied Systems 
Analysis, Laxenburg, Austria, 761-900.

6. Malico I et al. Renewable and Sustainable Energy Reviews. 2019; 12: 960.
7. Van Caneghem J et al. Progress in Energy and Combustion Science. 2012; 38: 551.
8. Pecora AAB. Fuel Processing Technology. 2014; 124: 188.
9. Vamvuka D et al. Combustion Science and Technology. 2017; 189: 890.
10. Quaak, P, Knoef, H, Stassen, HE. (1999). Energy from biomass: a review of combus-

tion and gasification technologies, vol. 23, Washington D. C. World Bank Publica-
tions,.

11. Suman S, Gautam, S. Biochar (2018). Derived from agricultural Waste Biomass Act 
as a Clean and Alternative Energy Source of Fossil Fuel Inputs, Energy Systems and 
Environment 2018, Ed. Tsvetkov, P.

12. Akyürek Z. Valorization of Agricultural and Industrial Wastes through Pyrolysis: 
Thermal Behvaiou and Kinetic Analysis. Current Academic Studies in Engineering 
Sciences-2018, Ed. Salman, S., IVPE.

13. Werther J et al. Progress in Energy and Combustion Science. 2000; 26,: 1–27.
14. Chi H et al. Fuel 2019; 240: 349.
15. Senneca O. Fuel Processing Technology. 2007; 88: 87.
16. Ren JX et al. International Conference on Power Engineering-2007, October 23-27, 

2007, Hangzhou, China.
17. Gogebakan Z, (2007) Co-firing Biomass with Coal in Bubbling Fluidized Bed Com-

bustors. PhD Dissertation, TR Middle East Technical University.
18. Nagaraja M et al. International Journal of Electrical Energy. 2013; 1: 49.
19. Kaynak B et al. Fuel Processing Technology. 2005; 86: 1175.
20. Suranani S, Goli VR. 2011 International Conference on Chemistry and Chemical 

Process, 167-172, IPCBEE vol.10, 2011, IACSIT Press, Singapore.
21. Niu Y et al. Progress in Energy and Combustion Science. 2016; 52: 1.
22. Bajwa DS et al. Renewable and Sustainable Energy Reviews 2018; 96: 296.
23. Jong S et al. Applied Energy. 2017; 195: 1055.
24. Xu W et al. Energies. 2013; 6: 4377.
25. Tobiasen L et al. Fuel Process. Technol. 2007; 88: 1108.
26. Namkung H et al. Energy. 2019; 187: 115950.
27. Yao XW et al. Bioresources. 2017; 12: 1593.
28. Billen P et al. Biomass and Bioenergy 2014; 69: 71.
29. Scala F et al. Energy and Fuels 2000; 14: 781.
30. Salatino P et al. Proc. Combust. Inst. 1998; 27: 3103.



New Horizons in Techno-Science

- 50 -

31. Vamvuka D et al. Bioresource Technology. 2008; 99: 3334.
32. Dayton DC et al. Energy and Fuels. 1999; 13: 860.
33. Salmenoja K. (2000). Field and Laboratory Studies on Chlorine-induced Superheater 

Corrosion in Boilers Fired with Biofuels, Åbo Akademi, Faculty of Chemical Engi-
neering, Process Chemistry Group.

34. Vamvuka D et al. Renewable Energy. 2009; 34: 2662.
35. Demirbaş A et al. Progress in Energy and Combustion Science. 2004; 30: 219.
36. Vassilev SV et al. Fuel. 2017; 208: 377.


