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Abstract 
Article contains results of experimental studies of ignition and combustion of composite liquid fuels 

droplets with the addition of typical municipal solid waste as a combustible component: wood, rubber, plastic, 
cardboard. A small concentration (about 10% by weight) of these components in the fuel composition 
intensifies the ignition process, all other things being equal. Experimental studies were performed using a 
bench that allows studying the heating conditions of stationary fuel drops about 1 mm in a muffle furnace with 
a temperature variation in the range of 400-1000 oС. As a result of the studies, the minimum temperatures 
necessary to realize the steady ignition of composite liquid fuel drops with the addition of typical municipal 
solid waste, as well as the dependence of the ignition delay on temperature, are established. It was also found 
that fuels with the addition of municipal solid waste have lower concentrations of nitrogen and sulfur oxides 
in gaseous combustion products compared to fuel without adding waste. The maximum difference between 
the concentrations of NOx and SOx for such fuels is 70% and 45% (in absolute units of 125 ppm and 50 ppm). 

 
 

References 
[1] D. Hoornweg, P. Bhada-Tata. What a Waste: a Global Review of Solid Waste Management. USA, 

Washington DC. The World Bank. 2012. 98p. 
[2] Y. Moriguchi, S. Hashimoto. Material Flow Analysis and Waste Management. Taking Stock of Industrial 

Ecology. Springer. 2015. P.247-262. 
[3] M.E. Edjabou, J.A. Martín-Fernández, C. Scheutz, T.F. Astrup. Statistical analysis of solid waste 

composition data: Arithmetic mean, standard deviation and correlation coefficients. Waste Management. 
2017. Vol.69. P.13-23. 

[4] Y. Wang, S. Liang. Carbon dioxide mitigation target of China in 2020 and key economic sectors. Energy 
Policy. 2013. Vol.58. P.90-96. 

[5] A. Tanguy, J. Villot, M. Glaus, V. Laforest, R. Hausler. Service area size assessment for evaluating the 
spatial scale of solid waste recovery chains: A territorial perspective. Waste Management. 2017. Vol.64. 
P.386-396. 

[6] J. Song, D. Song, X. Zhang, Y. Sun. Risk identification for PPP waste-to-energy incineration projects in 
China. Energy Policy. 2013. Vol.61. P.953-962. 

[7] D. Urbancl, J. Zlak, B. Anicic, P. Trop, D. Goricanec. The evaluation of heat production using municipal 
biomass co-incineration within a thermal power plant. Energy. 2016. Vol.108. P.140-147. 

[8] M. Touš, M. Pavlas, O. Putna, P. Stehlík, L. Crha. Combined heat and power production planning in a 
waste-to-energy plant on a short-term basis. Energy. 2015. Vol.90. P.137-147. 

[9] B. Milutinović, G. Stefanović, P.S. Đekić, I. Mijailović, M. Tomić. Environmental assessment of waste 
management scenarios with energy recovery using life cycle assessment and multi-criteria analysis. 
Energy. 2017. Vol.137. P.917-926. 

[10] H. Tan, Y. Zhao, Y. Ling, Y. Wang, X. Wang. Emission characteristics and variation of volatile 
odorous compounds in the initial decomposition stage of municipal solid waste. Waste Management. 
2017. Vol.68. P.677-687. 

[11] K.M.N. Islam. Municipal solid waste to energy generation: An approach for enhancing climate co-
benefits in the urban areas of Bangladesh. Renewable and Sustainable Energy Reviews. 2018. Vol.81. 
P.2472-2486. 



Full Paper ____________________________________ D.O. Glushkov, D.P. Shabardin, and K.K. Paushkina 

 54 _______________ http://butlerov.com/ ______________ ©Butlerov Communications. 2018. Vol.53. No.2. P.53-62.  

[12] M. Ripa, G. Fiorentino, H. Giani, A. Clausen, S. Ulgiati. Refuse recovered biomass fuel from municipal 
solid waste. A life cycle assessment. Applied Energy. 2017. Vol.186. P.211-225. 

[13] J. Faitli, T. Magyar, A. Erdélyi, A. Murányi. Characterization of thermal properties of municipal solid 
waste landfills. Waste Management. 2015. Vol.36. P.213-221. 

[14] R. Tabakaev, I. Shanenkov, A. Kazakov, A. Zavorin. Thermal processing of biomass into high-calorific 
solid composite fuel. Journal of Analytical and Applied Pyrolysis. 2017. Vol.124. P.94-102. 

[15] I.M. Zasypkin, V.I. Murko, V.I. Fedyaev, M.P. Baranova. Systems of ignition and combustion 
stabilization for water-coal fuel. Thermal Science. 2012. Vol.16(4). P.1229-1238. 

[16] S.V. Syrodoy, G.V. Kuznetsov, A.V. Zhakharevich, N.Yu. Gutareva, V.V. Salomatov. The influence of 
the structure heterogeneity on the characteristics and conditions of the coal–water fuel particles ignition 
in high temperature environment. Combustion and Flame. 2017. Vol.180. P.196-206. 

[17] D.O. Glushkov, P.A. Strizhak. Ignition of composite liquid fuel droplets based on coal and oil 
processing waste by heated air flow. Journal of Cleaner Production. 2017. Vol.165. P.1445-1461. 

[18] D.O. Glushkov, P.A. Strizhak, M.Y. Chernetskii. Organic coal-water fuel: Problems and advances 
(Review). Thermal Engineering. 2016. Vol. 63(10). P.707-717. 

[19] G.S. Nyashina, J.C. Legros, P.A. Strizhak. Environmental potential of using coal-processing waste as 
the primary and secondary fuel for energy providers. Energies. 2017. Vol.10(3). Article number 405. 
P.1-11. 

[20] M.A. Dmitrienko, P.A. Strizhak. Coal-water slurries containing petrochemicals to solve problems of air 
pollution by coal thermal power stations and boiler plants: An introductory review. Science of the Total 
Environment. 2018. Vol.613-614. P.1117-1129. 

[21] M.A. Dmitrienko, P.A. Strizhak, Y.S. Tsygankova. Technoeconomic analysis of prospects of use of 
organic coal-water fuels of various component compositions. Chemical and Petroleum Engineering. 
2017. Vol.53(3-4). P.195-202. 

[22] G.V. Ilinykh. Evaluation of thermotechnical properties of solid waste from their morphological 
composition. Bulletin of the Perm National Research Polytechnic University. Urbanistics. 2013. No.3 
(11). P.125-137. (russian) 
 
 
 

 


