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5. CONCLUSIONS

• Co-firing biomass and coal represents sustainable and renewable energy option that ensures reduction in net CO2, SOx,
NOx and other harmful oxides in coal-fired boilers.

• In all three co-firing cases the mean temperature of flue gas at the furnace exit is higher than the reference case of pure
lignite combustion. The highest temperature obtained for co-firing lignite with corn straw (1058 ˚C) and lowest for co-
firing lignite with wheat straw (1051 ˚C).

• Numerical analysis suggests that a potential benefit of considered co-combustion conditions is a decrease of NOx

emissions up to 9.49% for co-firing case with wheat straw, mostly due to the lower nitrogen content of the biomass fuel.

• During co-combustion agricultural residues care should be taken about ash melting temperatures. Soybean straw was the
best in this respect, bearing in mind its high ash melting temperature.

• In further research other influential parameters should be examined, such as: size and shape of biomass particles,
distribution of fuel and air over the burner tiers, different loads of the boiler.

1. INTRODUCTION

• Co-combustion coal and biomass - an attractive energy generating option from both economic and environmental point of
view.

• The direct co-combustion - the most common technological solution for co-firing of biomass and coal.

• Mathematical models - effective and low-cost tools for analysis of the processes during co-firing pulverized fuels in boiler
furnace.

• The aims of paper:
a) development of mathematical models and computer codes for analysis of processes taking place in the utility steam

boiler furnace during direct co-combustion pulverized lignite and agricultural residues; and
b) comparisons of obtained results (based on numerical simulations) taking into account: the NOx emission and the mean

temperature of gases at the outlet of the furnace.

2. FURNACE GEOMETRY AND OPERATING CONDITIONS

• Kostolac Power Plant steam boiler unit B2 (power output 350 MWe at full load) is of tower-type with natural circulation.
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Figure 1. Model layout of the utility steam boiler furnace of TPP ”Kostolac” B-2
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3. MATHEMATICAL MODEL AND COMPUTER CODE

• In-house developed comprehensive combustion model at stationary conditions is used for numerical predictions of processes
in pulverized utility steam coal-fired furnace.

• Two-phase flow is modeled by Eulerian–Lagrangian approach. Gas phase is described by time-averaged Eulerian
conservation equations for mass, momentum, energy, gas mixture component concentrations, turbulence kinetic energy and
its rate of dissipation, given for general variable Φ in index notation.

• The standard k-ε turbulence model is uded.

• The motion of dispersed phase is modeled using Basset equation in a Lagrangian field

• For process of devolatilization empirically single kinetic rate model is selected, supported by the sub-model for
determination of the composition of volatile. A sub-model for the determination of the composition and amount of the coal
volatiles is selected by using a matrix defined by Merrick. For sub-model of biomass devolatilization the combination
models of Merrick, and Xu and Tomita are adopted.

• Discretization of partial differential equations is performed by control volume method and hybrid-differencing scheme.

• Discretized equations are solved by SIPSOL method. Stabilization of iteration procedure is provided by under relaxation.

4. NUMERICAL RESULTS AND DISCUSSION

• For numerical simulation the structured numerical mesh has been selected which consist of 549250 cells on the basis of
the grid independence study. It was shown that 800 trajectories per burner, represent good compromise between result
accuracy and computational time.

Table 1. Main properties of pulverized fuels and firing parameters

Proximate analysis data (% on mass)

Moisture [%] Ash [%] Lower heating value [kJ kg-1]

Lignite 9.41 33.3 14826

Wheat straw 8 7.13 17970

Corn straw 7 10.66 17510

Soybean straw 6 2.82 18745

Ultimate analysis data (% on mass)

C [%] H [%] O [%] N [%] S [%]

Lignite 37.53 3.57 13.79 1.00 0.86

Wheat straw 44.09 7.58 31.42 0.99 0.17

Corn straw 44.63 7.57 28.76 0.75 0.16

Soybean straw 49.66 7.28 32.86 0.83 0.15

Particle size and coal particle density

Mean diameter pd [μm] Density p� [kg m-3]

Coal 150 1400

Biomass 500 600

Test-case 1 Test-case 2 Test-case 3 Test-case 4

Co-firing lignite with - Wheat straw Corn straw Soybean straw

Flow rate of pulverized coal
(per burner in operation)

[kg s-1] 9.720 8.748 8.748 8.748

Flow rate of pulverized biomass
(per burner in operation)

[kg s-1] 0.802 0.802 0.823 0.769

Flow rate of the gas phase in 
fuel dust-air mixture
(per burner in operation)

[kg s-1] 43.286 42.528 42.622 42.381

Flow rate of the secondary air
(per burner in operation)

[kg s-1] 29.464 28.948 29.013 28.848

Flow rate of ingress in the mill 
and furnace [kg s-1] 73.05 73.05 73.05 73.05

Flow rate of tertiary air [kg s-1] 10.63 10.63 10.63 10.63

Table 2. The mass flows of lignite and agricultural residues 

Test
case

Mean mass fraction of 
CO2 at furnace outlet 

[kg kg-1]

Furnace exit gas 
temperature 

[˚C]

NOx emission
[mg (Nm3)-1]

ТC-1 0.13 1036 559
ТC-2 0.13 1051 506
ТC-3 0.13 1058 511
ТC-4 0.13 1053 515

Table 3. Results of CO2, mean gas temperature and 
NOx emission for simulated test-cases

Figure 4. The fields of temperature, oxygen, carbon-
dioxide and nitric-oxide and trajectories of lignite (red) 

and soy straw (green) particles - Test-case 4

Figure 2. The fields of temperature, oxygen, carbon-
dioxide and nitric-oxide and trajectories 

of lignite particles - Test-case 1

Ash melting temperatures Lignite
Wheat
straw

Corn
straw

Soybean
straw

Initial deformation temperature (IDT) [˚C] 1140 850 1010 1185

Softening temperature (ST) [˚C] 1235 900 1040 1310

Hemispherical temperature (HT) [˚C] 1370 1000 1075 1420

Fluid temperature (FT) [˚C] 1390 1240 1100 1450

Table 4. Ash melting temperatures of the lignite and 
agricultural residues


