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) ADVANTAGES OF PLASMA METHODS FOR WASTE PROCESSING

» Agricultural waste (AW) is formed in the agro-industrial complex;

* Asignificant part of AW is provided by poultry farms and livestock enterprises, mainly in the form of bird droppings and manure;

» Well-known products of AW processing is biogas, which is formed due to the process of biomass fermentation under the influence of

bacteria;

 The process of obtaining biogas is very long (up to 12 days), and plants for producing biogas from AW are characterized by low
productivity (up to 100 m2 per ton of waste);

* Plasma-chemical processing of AW makes it possible to intensify the process of obtaining fuel gas, which consists mainly of
synthesis gas (CO + H,), and increase the plant productivity by 150-200 times
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QLESLIE COMPOSITION OF AGRICULTURAL WASTE
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Mineral part - 4.79%

‘ Characteristic composition of AW (dung), Wt.%

C H ) N S | HO P00, K,0 CaO MgO

29.07 4.06 32.08 1.22 0.26 30.0 0.61 147 0.86 0.37
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(;ES'-'E THERMODYNAMIC COMPUTATION

For computation of AW plasma gasification and pyrolysis thermodynamic code TERRA was used.
The calculations were performed over a range of temperatures from 300 to 3000 K and pressure 0.1 MPa.

.. .. Terra - X ‘
Initial Composition of the
Systems: Initiabeomposition of ysiem |
1 et o of substtnee ﬂ Mo couirn Substance

L, N

Plasma gasification
100% of AW + 25% of air

ol =

VEIBIRA

itron 3.9 FFebruary 2004

w— Equilibrium parameters — — Specific conditions —

g neci T temperature ‘ ;I [~ Exclude condenced substances
| lysi wd parameier: __ prossars ARSI o 1o abeience
P asma pyro ySIS T]( s Fi‘xcon.centmiions .
100% of AW + 25% of N, p i D e

Adiebatic expansion

TERRA - Edition 3.9e, February 2004

Co-funded by
the European Union




QLESLIE Scheme of the experimental installation

) for plasma gasification of waste

1 — pipe for loading briguetted waste; -
2 — semi batch plasma reactor;
3 — electric arc plasma torch;

4 — waste gasification zone;

5 — exhaust gas cooling unit;

6 — gas cleaning unit;

7 — section with gas sampling and temperature measurement system;
8 — exhaust fan;

9 — ventilation pipe

DC plasma torch rated power — 100 kW

Plasma forming gas — air or nitrogen with flow rate 3.5 g/s (12.5 kg/h)

- Co-funded by * Dimensions of the reactor: height — 0.45 m, side — 0.45 m, lining — 65 mm
the European Union
Amount of processed AW — 50 kg/h
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) Plasma torch Is the main element of the installation

Schematic of a plasma torch of 100 kW and plasma torch
In operation: temperature of the plasma flame is 5000 K
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QLESLIE
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QLESLIE THERMODYNAMIC COMPUTATION
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QLESLIE THERMODYNAMIC COMPUTATION
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(;ESLIE Plasma Gasifier of AW
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Plasma Gasifier of AW
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QLESLIE COMPOSITION OF THE PRODUCTS

» AFTER PLASMA PROCESSING OF AW

Prod OMDONE Experiment Computation
Gasification Gasification
Carbon monoxide (CO), Vol. % 32.6 29.6
Hydrogen (H,), Vol. % 24.1 35.6
Nitrogen (N,), Vol. % 35.8 10.6
Carbon oxide (CO,), Vol.% 5.7 5.7
Water (H,0), Vol. % 1.8 17.9
Total, Vol. %: 100 99.4
Carbon (C), Wt. % 3.0 0

X, % 87.0 100
Specific power consumption Q;,, kW h/kg 1.42 1.28
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(;ESL'E Conclusions

 Thermodynamic calculations allow determining the integral indicators of AW plasma processing: the equilibrium
composition of the gas phase of the processing products, the degree of carbon gasification and specific energy
consumption for the process. It was found that the optimal temperature of the processes is 1500 K, which ensures both
complete gasification of AW carbon and decomposition of toxic compounds of furan, dioxin and benzo(a)pyrene. At a
temperature of 1500 K the maximum yield of combustible components is ensured, reaching 65.2 vol.%, during gasification
and 68.5 vol.% during AW pyrolysis

* In the experiments on plasma gasification and pyrolysis of AW, synthesis gas was obtained with a concentration of 56.7
and 58.8 vol.%, respectively. As a result of plasma gasification and pyrolysis of AW, a flammable gas is obtained with a
calorific value of 10,340 and 10,500 kJ/kg, respectively

A comparison of the main integral indicators of the AW plasma processing process showed satisfactory agreement
between the calculated and experimental data, with their discrepancy not exceeding 16%

* Both in calculations and in experiments, no harmful impurities were found in the products of plasma processing of AW,
which confirms the environmental efficiency of plasma technology for AW processing
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