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Figure 2: Timeline of the events involved in the fire. 

3. Methodology 

The simulation was performed with the aid of a computational fluid dynamics tool. In particular, FDS (Fire 

Dynamics Simulator, NIST) was used along with the graphical interface Pyrosim. Different input data and 

requested output were set. The data source included the inspection of the video of the surveillance cameras 

and the company floor plan. Subjective information is derived from employee testimonials, and further data were 

retrieved from the scientific literature (Table 1). The domain matches the perimeter of the company (Figure 3).  

During the morning, no element disturbs 

the mounds located in the storage area. 
 

11:57 a.m. 

A person throws a bag of plastic near the 

undifferentiated pile of urban waste. 

 

4:01 p.m. 

The plastic bag triggers. 

 

4:06 p.m. 

The flames flare up and involve the 

surface of the heap. 

 

4:08 p.m. 

The fire spreads to the top from the heap 

and flames also affect the pile of paper 

nearby 

 

4:10 p.m. 

The fire involves the front façade cumulus 

of the bale of paper and the plastic ones 

to the side. 

 

4:12 p.m. 

Flames spread to multiple stacked paper 

bales. 

 

4:14 p.m. 

The fire also affects the wooden heap. 

 

4:18 p.m. 

The fire increase and some pieces of 

burning material move in the domain. 

 

The flames are tamed only in the night 

thanks to Fire Brigade. 

 

4:28 p.m. 

The contents of a container in the 

parking lot are triggered. 

Few minutes later, first flames occur. 

 

4:36 p.m. 

The flames increase and the black 

smoke makes the fire visible. 

 

Then flames are tamed. 
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Figure 3: (a) 2D view and (b) 3D view of the study area. 

Table 1: Properties of materials in the case study domain (Morgan et al., 2016). 

Colour Element Material 
Density 

[kg m-3] 

Specific Heat 

[kJ kg-1 K-1] 

Thermal Conductivity 

[W m-1 K-1] 

Absorption coefficient 

[m-1] 

Black Building Reinforced concrete 2,200 0.88 2.3 5x104 

Light grey Partitions Lightweight concrete 2,000 1 0.7 5x104 

Dark grey Scrap Iron and steel 7,865 0.475 45.8 5x104 

Brown Bales of paper Kraft paper 104 1.355 66 5x104 

Light blue Bales of plastic PE, PP, PS, PVC 1,254 1.67 0.26 5x104 

Yellow Wooden pile Yellow pine 640 2.85 0.14 5x104 

All surfaces with no contribution to the fire are considered inert. The others are identified as burner or layered. 

The environmental conditions were recovered from the nearest meteorological survey station with Tamb 30 °C 

and wind speed uwind of 0.8 m/s. The sensitivity analysis of the mesh and the evaluation of the calculation times 

led to refinement with cubic cells with a characteristic size of 0.45 m for a total of 2,660,000 cells. The 

computational burden amounted to about one week for each simulation performed (Intel i7 quad-core, 16 Gb 

ram). The source term (orange in Figure 3) consists of mixed municipal waste. It was approached via a set of 

preliminary simulations in which those materials that could have constituted the heap were simulated. In 

particular, assuming a source term consisting of a matrix of lignocellulosic material; a matrix of lignocellulosic 

material arranged in pallet; a polyethylene matrix (PE); a polypropylene matrix (PP); a polystyrene matrix (PS) 

and a polyvinyl chloride matrix (PVC). In each simulation, the combustion reaction has been described through 

the simple chemistry approach with mixing-controlled combustion according to Eq. (1): 

𝐶𝑥𝐻𝑦𝑂𝑧𝑁𝑣 + 𝑎𝑖𝑟  →  𝑣𝐶𝑂2
𝐶𝑂2 + 𝑣𝐻2𝑂𝐻2𝑂 + 𝑣𝐶𝑂𝐶𝑂 + 𝑣𝑠𝑜𝑜𝑡𝑠𝑜𝑜𝑡 +  𝑣𝑁2

𝑁2                                                        (1) 

Combustion yields (𝑦𝐶𝑂 , 𝑦𝑠𝑜𝑜𝑡) and other thermal properties (specific heat, thermal conductivity, 𝛥𝐻𝑐𝑜𝑚𝑏, heat 

release rate HRR, and heat release rate per unit area HRRPUA) of materials were defined. According to the 

simulations, a similarity between the actual sequence and that simulated was obtained with the pile made of 

mixed plastics. A coherent plume of fumes and flames was retrieved from what was simulated. The mixed matrix 

is composed of the same amount (25%) of PE, PET, PP and PS. Massive properties were averaged on pure 

materials, while non-massive based properties were selected from the most conservative values (Table 2). 

Table 2: Physical properties of the fuel made of mixed plastics representing the case study.  

Material Density  

[kg m-3] 

Specific heat 

[kJ kg-1 K-1] 

Thermal Conductivity 

[W m-1 K-1] 

HRRPUA 

[kW m-2] 

Emissivity 

[-] 

Absorption coefficient 

[m-1] 

Mixed matrix 1,050 2.73 0.273 450 0.9 5x104 

 

The HRR in time was retrieved from Newmann's experiment (Morgan et al., 2016) in which a cube of plastic 

material was burned, reaching at 200 s a peak of HRR = 18 MW. In Pyrosim, an HRRPUA of 450 kW m-2 was 

set along with a TAU_Q value of 210 s since the experimental curve does not reach the peak value instantly.  

4. Case-study, results 

The FDS software can numerically solve the Navier-Stokes equations defined for a low speed and thermally 

powered flow, focusing on the smoke and heat transported by the fire. In addition, the ability to visually reproduce 

the results provides the user with a proper insight into the simulated phenomena. However, a set of input data 

is required, including properties of fuel matrices and materials and environmental conditions (Mocellin et al., 

2021). The simulation is approached via Large Eddy Simulation (LES), and to ensure accurate results in a 

reasonable time, the analyzes were carried out in a reduced domain, halved along the y-direction. Cells of size 
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equal to 0.75 m x 0,75 m x 0,75 m were adopted, for a total of 440,000 cells. Results were checked as mesh-

insensitive, and graphical results are reported in Figure 4. 

 

 

 

         

 

 

Figure 4: Fire simulation at time (a) t = 0 s ; (b) t = 100 s ; (c) t = 200 s ; (d) t = 1,000 s. 

At time t = 0 s, the burner is activated, and at t = 100 s, the flames spread to the surface of the mixed material 

in contact and towards the rest of the waste pile. At t = 200 s, the plastic bales and the accumulation of 

lignocellulosic materials are also triggered. The simulated sequence of ignition is given in Figure 5-b. The match 

and the timing are not confirmed once compared to the real occurrence recorded by video surveillance cameras. 

This is probably ascribed to inaccuracies in modelling the fuel matrix and the effects induced by the arrangement 

of materials. The latter was discarded for the complexity, and the waste pile was modelled as a solid body.  

   
 

Figure 5: (a) Real incidental sequence and (b) simulated sequence with FDS. 
 

What has emerged is that an ignition sequence comparable to what was observed is obtained with threshold 

radiation of 1 kW m-2 that is inconsistent if typical materials are expected (5-10 kW m-2). In this case, piles 

numbered 5 and 6 in Figure 5-a were ignited from the primary fire. It is clear that inaccuracies deriving from 

approximations on input data severely affects the final results by distorting the incidental sequence. These 

consist in how the fuel matrix is approached in terms of materials, properties, and arrangement. In the present 

case, the material of the primary fire was not known, and what was inferred from the video footage will require 

further refinement. Furthermore, FDS does not consider moving ignition sources carried by the wind, i.e. 

firebrands, that may have played a role in determining the final sequence. In any case, a posteriori analysis is 

essential to understand what changes in the spatial arrangement of the heaps would have been appropriate in 

the company to avoid such an event. In order to estimate the effects associated with the different types of fire, 

various mathematical models have been developed that allow the evaluation of the consequences expressed 

in terms of incident thermal radiation.  

In the present study, the solid body emitter was applied to estimate the radiated power and the safety distance 

between the pairs of source and target described in Table 3, in which numbering refers to Figure 5. 

The more complex formula used in the issuer solid course model is simplified according to Eq.(2): 

𝐸𝑟  =  𝐸𝑎𝑣(𝐹21𝑎)                                                                                                                                                (2) 

Table 3 gives the average thermal emissivity 𝐸𝑎𝑣 obtained from the literature (De Ris, 1979), the atmospheric 

transmissivity 𝑎 calculated at an ambient temperature of 30 °C and relative humidity equal to 38 % (as retrieved 

by local weather conditions during the event), and the view factor 𝐹21. In conclusion, 𝐸𝑟(1 → 6)  =  20.79 𝑘𝑊 𝑚−2 

and 𝐸𝑟(1 → 8)  =   5.28 𝑘𝑊 𝑚−2. Comparing these results with the thermal radiation threshold value defined in the 

technical regulation and with the NFPA 555 standard, the same conclusions are drawn. The bales of paper 

stored on the wall are located at a distance from the heap of first ignition such that the radiation causes the 

spread of the flames while the containers are placed far enough away not to be ignited by the first heap on fire.  

Table 3: Input data for the solid body emitter model (numbering refers to Figure 6).  

Bodies Description 𝐸𝑎𝑣 [kW m-2] 𝐹21(𝑋/𝑅; 𝐿/𝑅; 𝑖𝑛𝑐𝑙𝑖𝑛𝑎𝑡𝑖𝑜𝑛) 𝑎 [-] 

1→6 Heap firstly ignited and wall storage of paper bales 33 0.7 0.9 

1→8 Heap firstly ignited and storage in containers of wood 33 0.2 0.8 
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Such as indicated in Figure 6-a and 6-b, the safety distance between the first ignited pile of wastes (1-2 in Figure 

5-a) and paper bales (6 in Figure 5-a) is 12 m, and the safety distance between the first ignited pile and 

containers (8 in Figure 6-b) is 9 m. Also, the calculation of the safety distances through the technical regulation 

for waste storage and treatment leads to similar conclusions. 

 

 

 

 
 

 

Figure 6: Safety distances (a) heap - paper bales and (b) heap - container. 

5. Conclusions 

The study concerned a real fire scenario simulation in waste treatment and disposal activity. The primary 

purpose was to test the suitability of a numerical approach for fire investigation to reproduce the event. Given 

the frequency of such fires, the adoption of this investigation strategy is of interest. The fire dynamics was 

successfully recreated in Fire Dynamic Simulator (FDS), but results deviated from expected results coming from 

the video recording. Despite a triggering sequence calibrated on observed data, the simulation could not 

correctly address the fire propagation to surrounding piles. This is likely to be ascribed to uncertainty and 

limitations in defining combustible matrices, whose actual properties were unknown. Although the main 

constituents were inferred, the generalized lack of data concerning such fires' thermal and chemical aspects in 

open fields has widely undermined the implementation. Although the detail was lacking, safety distances among 

piles of wastes were estimated and compared to the actual layout. An improper arrangement (reduced safety 

distance) of some combustible materials emerged as a crucial factor for fire propagation.  

The present study shows the need for an accurate definition of the properties of waste materials in terms of 

behavior under unconfined windy conditions. Further activities must focus on experimental campaigns and 

essential input properties, including properties and fire behavior of piles made of mixed waste materials. For 

example, particular focus must be given to the impact of size and arrangement on fire hazard and pile 

composition for the associated environmental pollution. Criteria for ranking waste piles from low to high-risk are 

required. These should be based not only on fire properties and fuel source but also on geometric parameters, 

external conditions and management schemes. In this way, numerical simulations will support fire prevention, 

comparing different management strategies and recreating post-incidental settings. 
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