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Incineration is an important method of recycling municipal solid waste 
(MSW). As an industrial waste, leather has a higher calorific value and 
more combustible components than MSW. The blending of leather can 
make up for the high moisture content and insufficient calorific value of 
MSW, providing a good solution to reduce the capacity of MSW and 
industrial waste. This study predicts the effect of blending combustion by 
means of numerical simulation; the effects of leather blending ratio, the 
ratio of primary air and secondary air, total air volume, and fuel feed rate 
were analyzed. The results showed that the appropriate increase of 
blending ratio improves the furnace chamber temperature, and the best 
blending amount of leather is approximately 10%. The best primary and 
second air ratio is 0.72:0.28. Insufficient airflow caused inadequate 
combustion, and excessive airflow reduced the furnace temperature. The 
feed volume in the range of 500 to 550 t/d had a good burning effect. 
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INTRODUCTION 
 

 Rapid economic development and urbanization has increased the production of 

municipal solid waste (MSW). Incineration reduces the volume of MSW by 85% and 

provides a solution to problems such as waste odor and leachate (Martin et al. 2015; Lopes 

et al. 2018; Duan et al. 2020). Yan et al. (2021) simulated the influence of multi-

temperature primary air on the characteristics of MSW; compared with preheated primary 

air, the multi-temperature effectively controls the temperature of the generated gas and 

peak furnace temperature. Gu et al. (2022b) adjusted the primary air distribution, 

enhancing the reaction with NH3 and coke results in lower NOx emission.  

As an industrial waste, leather has a high organic matter content, and its direct 

combustion will cause serious pollution to the environment; therefore, the sustainable 

treatment of industrial waste is particularly important (Muralidharan et al. 2022). Zhang et 

al. (2022) studied the co-combustion process of tannery waste and found that parameters 

such as integrated combustion index and stable combustion characteristics index were 

increased, which indicated that effective combustion was achieved through co-combustion.  
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Kluska et al. (2020) studied the co-combustion of pelletized leather tannery waste 

and hardwood pellets on a grate. It was found that doping wood pellets with tannery waste 

does not significantly affect the combustion velocity of the fuel mixture and has no 

significant impact on the temperature front velocity, but an increasing the percentage of 

leather pellets in the mixture increase the thickness of the ash layer. Ndibe et al. (2015) 

blended biomass with coal and found that the addition of biomass reduced emission of 

pollutants such as SO2 and NOx.  

Compared with municipal waste, industrial waste has the characteristics of difficult 

degradation and pollution, while industrial waste such as leather has a higher heat value 

than MSW (Li et al. 2021). In view of the problem of high moisture content and low 

calorific value of MSW, the introduction of industrial solid waste into domestic waste 

incineration can reduce the amount of industrial solid waste and make up for the lack of 

calorific value of domestic waste. Thus, MSW incineration has great potential for blending 

industrial solid waste to treat this type of waste (Xu et al. 2023).  

The current research on the blending of MSW is mostly about the influence of a 

single factor on the combustion effect, which cannot provide comprehensive guidance for 

the actual production process. There has been a lack of research on blending leather with 

MSW. This paper is the first to validate such simulation results using experimental data to 

ensure the accuracy of the model. A multi-gradient simulation of the MSW leather blending 

process was simulated to analyze the comprehensive impact factors of the blending process 

and proposed an optimization plan for MSW blending.  

 

 

EXPERIMENTAL  
 

The object of this study is a 500t/d capacity Mitsubishi reciprocating mechanical 

grate furnace. The size is 7.50 m × 9.48 m, with the waste heat boiler of 50 t/h evaporation 

capacity, and the physical model and grid division is shown in Fig. 1. The wall surface is 

adiabatic wall, and the wall temperature is set to a gradient distribution according to the 

change in flue temperature. An unstructured grid is used, and it is encrypted for the area 

near the secondary air where the flow field changes drastically. The other grids are 

structured. The total number of grids is about 1.8 million, and the grid irrelevance test has 

been completed before calculation to ensure that the calculation result is not affected by 

the number of grids.  

The waste materials used in the study came from municipal solid waste in a city in 

southern China, and the leather was the leftover trimmings from the production of a local 

shoe factory. The components in the MSW are shown in Table 1. The proximate analysis, 

elemental analysis, and lower heating value (LHV) of MSW and leather are shown in Table 

2. The LHV was determined by experimental methods using the HC-6 heat value analyzer. 

 

Table 1.  Components and Proportions in MSW 

Components Soil Metal Paper Plastic Cloth Glass Wood Food waste 

Content (wt%) 6.33 0.52 9.71 31.91 6.38 2.49 4.19 38.47 
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Table 2.  Proximate Analysis and Ultimate Analysis of Sample 

Sample 
Proximate Analysis (wt%.ar) Ultimate Analysis (wt%.daf) 

LHV 
(kJ/kg) M V A FC C H O* N S Cl 

MSW 48.26 35.01 13.53 3.20 21.14 2.99 13.37 0.55 0.09 0.07 7792 

Leather 12.55 69.41 6.03 12.01 42.27 6.09 19.64 12.02 1.09 0.31 22793 

Note: M-moisture; V-volatile matter; FC-fixed carbon; A-ash 
* By difference 

 

 
Fig. 1. Schematic diagram of the furnace model. (a) Furnace structure; (b) Mesh division 
diagram. PA and SA are the primary and secondary air inlets, respectively 

 

Mathematical Model 
The combustion of MSW on the grate involves the solid-phase reaction in the grate 

bed and the gas-phase reaction in the furnace (Gu et al. 2022a; Xia et al. 2021; Zhou et al. 

2021). The solid-phase combustion process in the bed is divided into three stages, as shown 

in Fig. 2: moisture evaporation, volatile matter release, and char combustion (Lee et al. 

2003). 

 
Fig. 2. Diagram of grate furnace operation 
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Bed Solid Phase Conservation Equation 
The bed solid-phase combustion process was simulated by FLIC software. The 

continuity equation, momentum equation, mass equation, component transport equation, 

and radiative heat exchange equation of the waste incineration process were referenced 

from the literature, and the bed solid-phase mass, momentum, energy, and substance 

concentration conservation equations are shown in Eqs. 1 through 3 (Xu et al. 2018), 

Continuity equation: 
𝜕𝜌𝑠𝑏

𝜕𝑡
+ 𝑈𝑏

𝜕𝜌𝑠𝑏

𝜕𝑥
+

𝜕(𝜌𝑑𝑏𝑉𝑠)

𝜕𝑦
= −𝑆𝑠                                                                            (1) 

Energy conservation equation: 
𝜕𝜌𝑠𝑏𝐻𝑠

𝜕𝑡
+ 𝑈𝑏

𝜕(𝜌𝑠𝑏𝐻𝑠)

𝜕𝑥
+

𝜕(𝜌𝑠𝑏𝑉𝑠𝐻𝑠)

𝜕𝑥
=

𝜕

𝜕𝑥
(𝜆𝑠

𝜕𝑇𝑠

𝜕𝑥
) +

𝜕

𝜕𝑦
(𝜆𝑠

𝜕𝑇𝑠

𝜕𝑦
) − 𝑆𝑎ℎ′

𝑠(𝑇𝑠 − 𝑇𝑔) +

 ∑ ∆ℎ𝑘                                                                                                                           (2) 

Species equation: 
𝜕(𝜌𝑠𝑏𝑌𝑠𝑖)

𝜕𝑡
+ 𝑈𝑏

𝜕(𝜌𝑠𝑏𝑌𝑠𝑖)

𝜕𝑥
+

𝜕(𝜌𝑠𝑏𝑉𝑠𝑌𝑠𝑖)

𝜕𝑦
 =

𝜕

𝜕𝑥
(𝐷𝑠

𝜕(𝜌𝑠𝑏𝑌𝑠𝑖)

𝜕𝑥
) +

𝜕

𝜕𝑦
(𝐷𝑠

𝜕(𝜌𝑠𝑏𝑌𝑠𝑖)

𝜕𝑦
)           (3) 

where 𝜌 is density, kg·m-3;𝑠𝑏 is the bulk density kg·m-3; 𝑉 is the volatile material in the 

solid; 𝑆𝑠 is the solid mass loss rate; 𝐻 is the enthalpy, kJ; 𝑇 is temperature, K; 𝑆𝑎 is the 

particle surface area, m2; 𝜆 is thermal conductivity; ∆ℎ𝑘 is the thermal effect of the kth 

process or reaction, W·m-3; 𝑌 is component mass fraction; and 𝐷 is the mass diffusion 

coefficient, m2·s-1. 

For the gas phase of the bed, the conservation equations are referenced in the 

literature (Pyle and Zaror 1984; Yang et al. 2003), 

Continuity equation: 

∂(Ф𝜌𝑔)

𝜕𝑡
+

∂(Ф𝜌𝑔𝑈𝑔)

𝜕𝑥
+

∂(Ф𝜌𝑔𝑉𝑆)

𝜕𝑦
=𝑆𝑠                                                                             (4) 

x-directional momentum: 

∂(Ф𝜌𝑔𝑈𝑔)

𝜕𝑡
+

∂(Ф𝜌𝑔𝑈𝑔𝑈𝑔)

𝜕𝑥
+

∂(Ф𝜌𝑔𝑉𝑔𝑈𝑔)

𝜕𝑦
=−

𝜕𝑃𝑔

𝜕𝑥
+ 𝐹(𝑈𝑔)                                              (5) 

y-directional momentum: 

∂(Ф𝜌𝑔𝑉𝑔)

𝜕𝑡
+

∂(Ф𝜌𝑔𝑈𝑔𝑉𝑔)

𝜕𝑥
+

∂(Ф𝜌𝑔𝑉𝑔𝑉𝑔)

𝜕𝑦
=−

𝜕𝑃𝑔

𝜕𝑦
+ 𝐹(𝑉𝑔)                                                (6) 

Energy conservation equation: 

∂(Ф𝜌𝑔𝐻𝑔)

𝜕𝑡
+

∂(Ф𝜌𝑔𝑈𝑔𝐻𝑔)

𝜕𝑥
+

∂(Ф𝜌𝑔𝑉𝑔𝐻𝑔)

𝜕𝑦
=

𝜕

𝜕𝑥
(𝜆𝑔

𝜆𝑇𝑔

𝜕𝑥
) +

𝜕

𝜕𝑦
(𝜆𝑔

𝜆𝑇𝑔

𝜕𝑦
) + 𝑆𝑎ℎ′

𝑠(𝑇𝑠 −

𝑇𝑔) + ∑ ∆ℎ𝑘                                                                                                                        (7) 

Species equation: 

∂(Ф𝜌𝑔𝑌𝑔𝑖)

𝜕𝑡
+

∂(Ф𝜌𝑔𝑈𝑔𝑌𝑔𝑖)

𝜕𝑥
+

∂(Ф𝜌𝑔𝑉𝑔𝑌𝑔𝑖)

𝜕𝑦
=

𝜕

𝜕𝑥
(𝐷𝑔

∂(Ф𝜌𝑔𝑌𝑔𝑖)

𝜕𝑥
) +

𝜕

𝜕𝑦
(𝐷𝑔

∂(Ф𝜌𝑔𝑌𝑔𝑖)

𝜕𝑦
) +

𝑆𝑠𝑗 + 𝑆𝑔𝑗                                                                                                                             (8) 

where 𝑃 is the pressure, Pa; S is the mass source term, kg·m-3·s-1; Ss is the solid mass 

loss rate, kg·m-3·s-1; 𝑌𝑔𝑖, kg·m-3·s-1;𝑆𝑔𝑗 is the mass source of gas species; 𝑖 is solid 

in species, i.e., moisture, volatile matter, fixed carbon, and ash; 𝑗 is O2, CO2, NH3, NO, N2, 

H2, CmHn, and H2O in the gas; 𝑠 is the solid phase. 
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Radiation Model 
Radiation plays a vital role in the fuel combustion process, and the P-1 model was 

used to solve for the incident radiation of a gas-solid two-phase mixture and then assign 

the radiation enthalpy source to each phase (El-Sayed and Noseir 2019), 

∇ (
1

3𝑎
∇𝐺) − 𝑎𝐺 + 4𝑎𝜎𝑇4 = 0                                                                               (9) 

𝑎 = 𝛼𝑔𝑎𝑔 + 𝛼𝑠𝑎𝑠                                                                                                  (10) 

𝑆𝑞 = 𝛼𝑞𝑎𝑞(𝐺 − 4𝜎𝑇𝑞
4)                                                                                         (11) 

where a is the absorption coefficient; α is the volume fraction; T is the temperature; σ is 

the Stephan Boltzmann constant. The solid-phase absorption coefficient was calculated 

from Eq. 12 using the plus GSGGM model (weight-sum-of-gray-gases model) for the gas 

phase. 

𝑎𝑠=−
ln (1−𝜀)

𝑑𝑠
                                                                                                          (12) 

Numerical Method 
The bed model established by the FLIC program was used for the bed solid-phase 

combustion, and parameters such as gas temperature, velocity distribution, and component 

mass fraction were obtained. The parameters were directly interfaced with Fluent software, 

and the mass and energy data derived from FLIC were imported into Fluent as the boundary 

conditions for gas-phase combustion. The numerical simulation of bed solid-phase 

combustion were referenced from Yang et al. (2007) and Zhou et al. (2005). In this paper, 

the following assumptions are made: (1) The bed can be regarded as a continuous porous 

medium; (2) The solid phase consists of moisture, volatile matter, fixed carbon and 

moisture; (3) The bed moves forward with a constant velocity under the action of a 

vibrating grid; (4) The parameters are uniformly distributed along the bed width direction; 

(5) The waste combustion process includes moisture evaporation, volatile analysis and 

extraction, gas combustion, and char oxidation; (6) The model gases included in the model 

are CH4, CO, CO2, H2, O2, H2O, and N2. Based on the comprehensive consideration of the 

applicability of each mechanistic equation, R1-R4 are determined as the gas-phase reaction 

equations, and the specific parameters are shown in Table 3. 

 

Table 3.  Reaction of Finite-Rate/Eddy-Dissipation Concept Model 

No. Reaction Ar Er (J/kmol) Rate exponent 

R1 CH4+0.5O2→CO+2H2 5.012×1011 2.000×108 [CH4]:0.8;[O2]:0.8 

R2 CH4+1.5O2→CO+2H2O 5.012×1011 2.000×108 [CH4]:0.8;[O2]:0.8 

R3 CO+0.5O2→CO2 2.239×1012 1.702×108 [CO]:1;[O2]:0.25 

R4 H2+0.5O2→H2O 9.870×108 3.100×107 [H2]:1;[O2]:0.5 

Note: Ar: pre-exponential factor; Er: activation energy 

 

Numerical simulations of gas-phase combustion in furnace were performed using 

the double precision solver of the finite element analysis software ANSYS Fluent. The 

standard k-ε model, the Finite-Rate/Eddy-Dissipation concept of the Species Transport 

model, and the P-1 radiation model were used, respectively. The equations for density, 

momentum, turbulence, components, and energy are solved in second order upwind. The 

grate along-range inlet and SA inlet types are Mass Inlets and the flue outlet is a pressure 

outlet. The gas temperature, velocity, and component concentration calculated by the FLIC 
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program are boundary conditions. Then the top radiation temperature distribution from the 

furnace combustion simulation results is substituted back to FLIC and iterated until the two 

processes converge. 

 
 
RESULTS AND DISCUSSION 
 
Experimental Verification 

The same parameters were selected for the actual operation as for the simulation. 

The simulation results were compared with the experimental results to ensure the reliability 

of the model used. As Table 4 shows, the errors between simulated temperature values and 

actual measured values at the left side of furnace chamber, the left side of inlet of waste 

heat boiler, the left side of first radiation channel, and the exit of first radiation channel 

were 3.81%, 3.98%, 3.68%, and 4.83%, respectively. The error of O2 content was 12.33%. 

The location of the measurement points may cause this difference. The measured values 

are taken from flue gas channel outside the chimney, while the simulated are the furnace 

chamber outlet. The incinerator was operated under negative pressure conditions, and air 

leakage led to a high molar fraction of O2. In summary, the errors between the numerical 

simulation results and the experimental results were within the permissible range. The 

model can reflect the actual operation considering the fluctuation of field operating 

conditions and the idealization of simulated conditions, which establishes the reliability of 

the mathematical physical model. The model can accurately simulate the processes of flue 

gas flow, combustion, heat, and mass transfer in the furnace during waste incineration. 

 
Table 4.  Comparison of Fuel Parameter Simulation and Experimental Results 

Parameters 
Experimental 

Value 
Simulation Value Deviation (%) 

Left side of the furnace chamber/(K) 1365 1313 3.81 

Left side of waste heat boiler inlet/(K) 1358 1412 3.98 

Outlet of the first radiation channel/(K) 1331 1282 3.68 

Outlet of the first radiation channel/(K) 1222 1281 4.83 

O2 concentration/(mg/m3) 6.57 5.76 12.33 

CO concentration/(mg/m3) 10.73 0.3456 － 

 

Effect of Leather Blending Ratio on Co-firing 

Compared with municipal waste, leather has a higher volatile content and heat 

value, as can be seen in Table 2. The LHV of leather is 22793 kJ/kg, and the volatile content 

is 69.41%, which is much higher than the level in MSW. Moreover, the content of 

combustible components such as C and H is also higher in the ultimate analysis of leather, 

so blending leather in MSW can significantly improve the heat value of the mixed fuel. An 

experimental study of biomass and coal blending in a drop tube furnace was conducted, 

and it was found that increasing the proportion of biomass improved combustion efficiency 

(Wang et al. 2015). Figure 3(a)(b) shows the temperature distribution in vertical section of 

furnace center and temperature distribution at different height section of furnace for 

different ratio of leather blending condition, respectively. It can be seen that with the 

increase of leather blending ratio, the flame temperature increases gradually, and the area 

covered with high temperature in furnace increases significantly. However, under the 

condition of 20% blending ratio, the temperature of the rear wall of the furnace is higher, 
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which will be a threat to the safe operation of the boiler. Figure 3(c) shows the maximum 

temperature in the furnace, respectively. When single MSW is burned, the overall 

temperature in furnace is at a low position, and the maximum temperature in furnace is 

1673 K. This is a result of the lower heat value of the mixed fuel. With the increase of the 

leather blending ratio, the maximum temperature in furnace is 1721K at 10% blending 

ratio, and the flame height is significantly higher than that of the unblended condition. 

When continuing to increase the proportion of blending, the flame appears to stick to the 

rear wall, and the high temperature area to the rear wall will lead a risk of coking. Figure 

3(d) shows the average temperature in different heights. It can be seen that changing the 

leather blending ratio had a great effect on the temperature of the combustion zone, with a 

maximum temperature change of 200 K, and this effect gradually diminishes in the flue. 

For leather blending conditions, the proportion control in about 10% had a better 

combustion effect. 
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Fig. 3. Furnace chamber temperature simulation results. (a) Temperature distribution in vertical 
section of furnace center;(b) Temperature distribution at different height section of furnace;(c) 
Maximum temperature in furnace;(d) Average temperature at different heights 



 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Guo et al. (2023). “Co-firing solid waste and leather,” BioResources 18(2), 3666-3680.  3673 

Effect of Ratio of PA and SA on the Co-firing 
The ratio of PA and SA affects the effect of solid phase combustion on the bed and 

gas phase combustion in the furnace. Yang et al. (2022) studied the impact of different air 

supply methods (such as different ratios of PA and SA, ratio of secondary air guns, supply 

methods of over-fired air), and concluded that the optimal balance of PA and SA is 

0.75:0.25. Figure 4(a) shows the gas temperature above the bed.  
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Fig. 4. Furnace chamber temperature simulation results. (a) Temperature distribution in vertical 
section of furnace center; (b) Temperature distribution at different height section of furnace; (c) 
Gas temperature above the bed 
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There was no significant difference in the gas temperature above the bed in the 

drying stage and volatile fraction release stage under the conditions of leather blending, 

but in the combustion section, the increase of primary air volume reduced the combustion 

temperature of coke, leading to a decrease in the temperature of the flue gas produced by 

on bed.  

Figure 4(b)(c) shows the temperature distribution in vertical section of furnace 

center and temperature distribution at different height section of furnace with 10% leather 

blending condition, respectively, the SA ratio increases from 0.22 to 0.28, the flame height 

and the highest temperature in the combustion zone were significantly increased. Because 

more the SA volume enhanced the turbulence of the combustion zone in furnace, it also 

extended the flue gas residence time, making the combustion more adequate. By continuing 

to increase the proportion of secondary air, the extent of the turbulent zone in furnace 

increased, which led to a less controlled combustion position, and it can be seen in the 

figure that the high temperature zone starts to shift near the back wall. Therefore, the 

integrated solid-phase combustion and gas-phase combustion process, the ratio of PA and 

SA was more appropriate at 72:28. 

 

Effect of Total Air Volume on Leather Blending 
The PA mainly provides heat for the evaporation, pyrolysis, and combustion, and 

it drives the volatile fraction produced into the furnace chamber; the SA is generally of 

higher velocity, mainly to form turbulent flow in the furnace to make the gas components 

mix more uniformly and increase the residence time, and the secondary air also provides a 

large amount of O2 to promote combustion (Song et al. 2020).  

Figure 5(a)(b) shows the temperature distribution and temperature contour in the 

vertical section of  furnace center with condition of 10% leather blending respectively. It 

can be seen that the change in the total air volume did not change the flame position, and 

it can be seen from the gas produced in the bed that increasing the total air volume caused 

the gas temperature to go down, which may be a cooling effect from the excess primary 

air. With the increase of the total air volume, the flame center temperature exhibited a small 

decrease.  

The flame temperature was about 1550 K in condition of 62910 m3, while with 

69900 m3 working condition the flame was only about 1500 K, about 50 K down. The 

increase of secondary air made a greater contribution, because the secondary air is room 

temperature, excessive secondary air and will reduce the furnace chamber temperature, 

thus reducing the effect of combustion.  

Figure 5(c) shows the temperature distribution at different height section of furnace, 

it can be seen that the furnace chamber temperature decreases with the increase of the total 

air volume, and when the air volume is higher than 69900 m3, the decay in temperature in 

the flue is accelerated, Therefore, the overall temperature of the furnace chamber is the 

highest when the total air volume of PA and SA is 62910 m3 when combusting a blend 

with 10% leather. 
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Fig. 5. Furnace chamber temperature simulation results. (a) Temperature distribution in vertical 
section of furnace center;(b) Temperature contour in vertical section of furnace center;(c) 
Temperature distribution at different height section of furnace 

 

Effect of Fuel Feed Rate on Leather Blending 
The effect of waste combustion on the grate mainly depends on three factors: fuel 

layer thickness, air supply, and grate movement speed. The feed volume will directly affect 

the fuel layer thickness (Ke et al. 2023; Ma et al. 2023). Figure 6(a)(b) shows the 

temperature distribution of vertical cross-section in the center of the furnace and the 

temperature distribution at different heights in the vertical direction of the furnace 

respectively. Under the condition of blending 10% leather, the temperature in the furnace 

is low when the feed volume is 400 t/d, and the temperature in the main combustion zone 

is around 1350 K, which is due to the insufficient fuel to maintain the high temperature 

environment in the furnace.  
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Fig. 6. Simulation results of temperature in furnace and gas mass fraction at the furnace outlet. 
(a) Temperature distribution of the vertical section in the center of the furnace;(b) Temperature 
distribution of the horizontal section at different heights in the vertical direction of the furnace;(c) 
Concentration curve of gas group at the furnace outlet;(d) Moisture evaporation rate;(e) Volatile 
release rate;(f) Coke burning rate 
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With the increase of feed quantity to 500 t/d, the flue gas temperature above the 

bed rises, the temperature of the main combustion zone of the furnace reaches about 1500 

K, the combustion range increases, and the flame height is obviously larger than that of the 

low feed quantity working condition. Increasing the feed amount to 600 t/d, the bed gas 

temperature continues to rise and the flue gas combustion in the furnace chamber becomes 

more intense, with the highest temperature rising to 1600 K. However, the flame starts to 

shift toward the back wall at the feed amounts of 550 t/d and 600t/d, leading to the risk of 

coking at this location.  

Figure 6(c) shows the concentration curve of gas components at the furnace exit. 

As the feed volume increases from 400 t/d to 500 t/d, the CO2 mass fraction shows an 

increasing trend, the O2 mass fraction decreases from 0.064 to 0.017, and the CO mass 

fraction also increases gradually with the increase of the feed volume. The CO2 and O2 

mass fractions are basically stable when the feed volume continues to increase to 550 t/d. 

However, when the amount of fuel increased to 600 t/d, the CO mass fraction at the furnace 

outlet increased steeply, this indicates that the conditions of 500 t/d have better combustion, 

which can ensure a better furnace chamber temperature and also avoid the waste of fuel 

due to insufficient combustion. As Fig. 6(d)(e)(f) shows, moisture evaporation, volatile 

release, and coke burning delayed with the fuel feed rate increase, this will compress the 

reaction time and reduce the response intensity, indicating that the fuel at 600 t/d showed 

strong under combustion. 10% leather blending should be controlled at about 500 t/d. 

 

 

CONCLUSIONS 
 

Blending of municipal solid waste (MSW) with leather not only solves the problems 

of high moisture content and low calorific value of MSW, but also improves the 

incineration characteristics of MSW. For leather, blending also provides a solution for the 

harmless treatment of leather and saves the investment of separate treatment of leather. In 

this paper, the effect of each factor on blending is predicted by numerical simulation 

methods, and the following conclusions are obtained: 

1. Numerical simulations were conducted for the co-firing process of MSW and leather 

in the grate, and the effects of blending ratio, primary and secondary air ratio, total air 

volume and fuel feed rate on the combustion of leather blending were investigated. 

2. With the increase of blending ratio, the maximum temperature in the furnace increased 

by 48 K, respectively, and the average temperature in the furnace also increased, but 

excessive blending ratio caused the flame to be against the wall. The best blending ratio 

of leather was found to be 10%. 

3. The best primary and second air ratio is 72:28 when blending 10% leather. Excessive 

primary airflow will cause the combustion effect to become worse. The whole 

temperature in the furnace was also reduced, and excessive secondary airflow led to 

the highest flame temperature. Average temperature in the furnace increased 

significantly, but the flame was close to the wall. This presents the risk of coking in 

this area. 

4. In the case of constant ratio of primary and secondary air volume, with the increase of 

total air volume, the integral temperature of the furnace decreased, and the total inlet 

air volume of 10% leather blending was selected at 62910 m3. 
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5. For the waste incinerator employed in this paper, the fuel feed rate should be 

maintained in the range of 500-550 t/d. When the fuel feed rate was below 500 t/d, the 

heat load in the furnace chamber could not maintain high temperatures. However, when 

the fuel feed rate was higher than 600 t/d, the fuel combustion in the furnace was 

affected by local lack of oxygen, and the temperature in the furnace decreased. The 

work explores the key influencing factors of co-firing of MSW and leather and could 

offer theoretical guidance for the operation in engineering practice. 
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