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EXECUTIVE SUMMARY 

There is a lack of understanding whether small layers of mulch in a landscape application pose 

a similar risk of spontaneous combustion as much larger mulch piles.  SwRI has developed a test 

program to identify the mulch variety that exhibits the highest risk characteristics; lowest decomposition 

temperature as determined by TGA testing, and greatest thermal insulation capacity as determined by 

ASTM C518 Testing.  The selected mulch variety from these Preliminary Screening Tests, Shredded 

Hardwood Mulch, was observed in intermediate-scale piles for evidence of self-heating. 

The intermediate-scale samples were observed July 11–August 27, 2018, (more than 6 weeks) 

during the peak of summer in San Antonio, Texas, to investigate the likelihood of spontaneous 

combustion in small layers of wood mulch used in landscape applications.  Wood-based and peat-based 

potting soils (with and without fertilizer) were also observed during the intermediate-scale testing. 

For the intermediate-scale tests the mulch was placed in 2×2×2-ft mesh cubes, both indoor and 

outdoor.  The cube size was selected to create a pile which is much thicker than is reasonably installed in 

landscape applications, while allowing exposure to the ambient environment.  The maximum depth listed 

on the mulch bag coverage chart is 4 in., but the center of the mulch cube pile was 12 in. from any edge 

of the cube.  Thinner mulch depths would be expected to pose less risk of spontaneous combustion 

because the pile would be less insulating. 

The indoor mulch cube temperatures only varied slightly throughout the duration of the 

observation period, tracking closely to the ambient conditions.  Whereas, the outdoor mulch cube retained 

heat, with the temperatures slowly increasing until they peaked during weeks 5 and 6, regardless of the 

daily ambient temperature fluctuations.  The maximum temperature observed in the outdoor mulch cube 

was 112.6 °F at TC16 (6 in. up from bottom of cube along the center axis).  Ambient maximum 

temperatures were only slightly lower than the mulch cube internal temperatures, which indicates that the 

mulch is retaining heat due to its insulating properties but not self-heating.  Based on the TGA data, the 

temperature at the onset of thermal decomposition for the Shredded Hardwood Mulch was about 200 °C 

(392 °F).  The maximum temperature observed in the outdoor mulch cube was only 113 °F, at which 

temperature the reaction rate is negligible. Based on these results, it is very unlikely that mulch in a 

landscape application would pose a risk of spontaneous combustion. 

Four (4) 8-in. flower pots were setup alongside each cube to observe a wood-based potting soil 

and peat-based potting soil, with and without fertilizer (four varieties, indoor and outdoor; eight total).  

Each flower pot had one internal temperature measurement.  Both indoor and outdoor potting soil samples 

tracked closely to the ambient conditions, and did not show signs of self-heating.  Based on these results, 

it is very unlikely that potting soil (wood- or peat-based, with or without fertilizer) in 8-in. flower 

pots would pose a risk of spontaneous combustion.  
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1.0 INTRODUCTION 

Spontaneous combustion in large piles of mulch due in part to aerobic decomposition, and 

landscape mulch fires as a result of an ignition source (e.g. cigarettes) are well documented.  However, 

there is a lack of understanding whether small layers of mulch in a landscape application poses a similar 

risk of spontaneous combustion.  SwRI has developed the following test program to (1) identify the 

mulch variety that exhibits the highest risk characteristics (i.e. lowest decomposition temperature, and 

greatest insulation capacity), and (2) observe intermediate-scale piles of the selected mulch varieties for 

evidence of self-heating.  The following subsections describe the test methodologies performed by 

SwRI to investigate the likelihood of spontaneous combustion in small layers of wood mulch used in 

landscape applications.  Wood-based and peat-based potting soils were also observed during the 

intermediate-scale testing. 

This program was sponsored by the Mulch & Soil Research Foundation (MSRF), located in 

Shallowater, Texas.  Testing was conducted April–August and December 2018, and January 2019, by 

Southwest Research Institute’s (SwRI) Fire Technology Department, located in San Antonio, Texas. 

The test methods described in this report should be used to measure and describe the properties 

of materials, products, or assemblies in response to heat and flame under controlled laboratory 

conditions and should not be used to describe or appraise the fire hazard or fire risk of materials, 

products, or assemblies under actual fire conditions.  However, results of the tests may be used as 

elements of a fire risk assessment which takes into account all the factors that are pertinent to an 

assessment of the fire hazard of a particular end use. 

The results presented in this report apply specifically to the material tested, in the manner tested, 

and not to the entire production of these or similar materials, nor to the performance when used in 

combination with other materials.   

2.0 TEST SPECIMENS 

There are over thirty (30) varieties of wood materials used across the United States for 

landscape applications.  In order to reduce the test matrix for preliminary screening tests, MSRF and 

SwRI narrowed the test matrix to the seven (7) varieties which included a subset of the mulch varieties 

available across the country, and favored the varieties considered to pose a higher risk for spontaneous 

combustion (e.g. MSRF and SwRI selected shredded wood, instead of nuggets).  Table 1 summarizes 

the mulch varieties selected, and the date SwRI received a pallet of each type of mulch.  Preliminary 

Screening Tests were performed to select the variety to be evaluated during Intermediate-Scale Testing. 

SwRI also received four potting soils, two each wood-based and two each peat-based potting 

soil.  Each potting soil type had a sample with and without fertilizer as described in Table 2.  The potting 

soil was evaluated during the Intermediate-Scale Testing only. 



 

Mulch & Soil Research Foundation 2 SwRI Project No.: 01.23473 

Table 1. Mulch Varieties Selected for Preliminary Screening Tests. 
Region Mulch Variety Date Received 
South Shredded Cyprus Mulch 02/05/2018 
Southeast Shredded Pine Mulch 01/31/2018 
Northeast Cedar Mulch 02/06/2018 
Central Shredded Hardwood Mulch 02/13/2018 
West Shredded Lodgepole Pine Mulch 01/22/2018 
Multi Black Colorized Pine Mulch (Carbon Black) 11/02/2018* 
Multi Red Colorized Hardwood Mulch (Ferrous Oxide) 11/02/2018* 

*Added to the test matrix after review by MSRF members. Two bags of each received. 

Table 2. Potting Soil Specimens for Intermediate-Scale Testing. 
Sample No. Description Date Received 

1 Wood-Based Potting Soil with Fertilizer 06/14/2018 
2 Wood-Based Potting Soil without Fertilizer 06/14/2018 
3 Peat-Based Potting Soil without Fertilizer 06/14/2018 
4 Peat-Based Potting Soil with Fertilizer 06/14/2018 

 
3.0 PRELIMINARY SCREENING TESTS 

Preliminary Screening Tests were performed to identify the mulch variety that possesses the 

highest risk characteristics; lowest decomposition temperature as determined by TGA testing, and 

greatest insulation capacity as determined by ASTM C518 testing.  The following subsections describe 

these test methods and the results obtained. 

3.1 TGA TESTING 

Thermogravimetric Analysis (TGA) was performed to experimentally determine the 

decomposition temperature for the mulch first five varieties in Table 1.  Based on MSRF membership 

feedback, the last two colorized mulch varieties in Table 1 were analyzed and the results compared to 

the original dataset.  Mulches with lower decomposition temperatures are a greater risk for fire.  TGA 

Analysis is an assessment of material thermal stability through the determination of the temperature at 

which the materials start to decompose or react and the extent of the mass change using 

thermogravimetry.  Testing was performed in triplicate for each mulch sample, and the average TGA 

results presented in Figure 1. 

The decomposition temperature was very similar for the five mulch varieties tested, but the 

Shredded Lodgepole Pine Mulch appeared to start decomposition at a slightly lower temperature than 

the other varieties.  The Shredded Hardwood had the next lowest temperature at the onset of thermal 

decomposition, and the highest percent mass loss.  For these reasons, SwRI recommended to proceed 

to ASTM C518 testing with these two varieties.  The colorized mulches did not decompose at a lower 

temperature nor have a greater percent mass loss, so would not have had an effect on the original 

recommendations. 
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Figure 1. Average TGA Data for Seven Mulch Varieties. 

3.2 ASTM C518 TESTING 

The two mulch varieties with the lowest decomposition temperatures based on the TGA results, 

Shredded Hardwood Mulch and Shredded Lodgepole Pine Mulch, were tested in accordance with 

ASTM C518 to determine the insulating properties of various layer thicknesses.  Better insulating 

mulches have a greater potential to retain heat within the pile, which poses a greater risk for fire. The 

samples were dried prior to testing for consistency. 

ASTM C518, Standard Test Method for Steady-State Heat Flux Measurements and Thermal 

Transmission Properties by Means of the Heat Flow Meter Apparatus, covers the measurement of 

steady-state thermal transmission through flat slab specimens using a heat flow meter apparatus.  The 

heat flow meter apparatus establishes steady-state one-dimensional heat flux through a test specimen 

between two parallel plates at constant, but different temperatures by appropriate calibration of the heat 

flux transducers with calibration standards and by measurement of the plate temperatures and plate 

separation.  Thermal conductance of the two mulch samples were measured at three thicknesses: 2, 3, 

and 4 in. layers.  Testing was performed in triplicate for each layer thicknesses for each mulch variety. 

The ASTM C518 testing results are summarized in Table 3 and Table 4 for the Shredded 

Hardwood Mulch and Shredded Lodgepole Pine Mulch, respectively.  The k-value reported is the 

average thermal conductivity value for each test run (temperatures varied incrementally for each test 

run from 21 to 70 °C [70 to 158 °F]); and these values were used to calculate the average thermal 
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conductivity at each thickness.  The lower the k-value, the less heat is conducted through the layer 

providing better insulation.  Based on these results, the Shredded Hardwood Mulch is a slightly better 

insulator than the Shredded Lodgepole Pine Mulch. 

Table 3. ASTM C518 Results Summary – Shredded Hardwood Mulch. 
Layer Thickness 

(in.) 
Test Run 

No. 
Completion 

Date 
Average Test Run 
K-Value (W/m K) 

Average Layer Thickness 
K-Value (W/m K) 

2 
1 06/08/2018 0.065 

0.065 2 06/08/2018 0.067 
3 06/08/2018 0.063 

3 

1 05/11/2018 0.069 

0.067 2 06/12/2018 0.068 
3 06/13/2018 0.065 
4 06/16/2018 0.067 

4 
1 05/18/2018 0.074 

0.073 2 06/18/2018 0.078 
3 06/19/2018 0.066 

 
Table 4. ASTM C518 Results Summary – Shredded Lodgepole Pine Mulch. 

Layer Thickness 
(in.) 

Test Run 
No. 

Completion 
Date 

Average Test Run 
K-Value (W/m K) 

Average Layer Thickness 
K-Value (W/m K) 

2 
1 04/27/2018 0.069 

0.072 2 04/28/2018 0.071 
3 04/30/2018 0.071 

3 
1 05/15/2018 0.077 

0.072 2 06/14/2018 0.074 
3 06/15/2018 0.066 

4 
1 05/21/2018 0.074 

0.076 2 06/20/2018 0.079 
3 06/21/2018 0.076 

 
3.3 PRELIMINARY SCREENING TESTS SUMMARY 

As shown in the Table 3 and Table 4, Shredded Hardwood Mulch has a lower thermal 

conductivity (lower k-value) than the Shredded Lodgepole Pine Mulch.  This means that the Shredded 

Hardwood mulch is a slightly better insulator, which would aid in retaining heat in a pile or layer. 

Hardwoods typically have less lignin and more cellulose than softwoods, which means they are 

more prone to microbial decomposition which would increase heat generated within the pile, and have 

lower decomposition temperature and lower activation energy.  In other words, hardwoods are easier to 

ignite.  The TGA results presented in Figure 1 showed the Shredded Lodgepole Pine Mulch started to 

thermally decompose at a lower temperature than the Shredded Hardwood Mulch.  It is suspected this 

is due to resin in the Shredded Lodgepole Pine Mulch.  Self-heating in mulch piles is mainly due to 

microbial decomposition, and the resin should not contribute to this. 
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In summary, the Shredded Hardwood Mulch should be easier to ignite and is a slightly better 

insulator so could potentially trap heat and accelerate the thermal runaway more than the other varieties 

tested.  Based on the results from the Preliminary Screening Tests, SwRI recommended to proceed to 

Intermediate-Scale Testing with Shredded Hardwood Mulch. 

4.0 PHYSICAL CHARACTERISTICS OF SELECTED MULCH VARIETY 

The Shredded Hardwood Mulch selected for Intermediate-Scale Testing consists of roughly 

shredded pieces, the majority of significantly sized pieces are around ½-3 in. long by ¼-1 in. thick with 

some larger pieces, many smaller pieces about ¼-½ in. long by <1/8 in. thick, and much smaller 

particulate.  Figure 2 shows the Shredded Hardwood Mulch installed in the outdoor mulch cube. 

 

Figure 2. Shredded Hardwood Mulch. 

The following subsections describe the analyses performed to characterize the physical properties 

of the Shredded Hardwood Mulch, including density, water content, metals content, and fatty acid content.  

A series of basket heating tests were performed to calculate the kinetic parameters of the Shredded 

Hardwood Mulch. 

4.1 DENSITY AND WATER CONTENT 

A 100×100×100 mm mesh basket was filled with the Shredded Hardwood Mulch, as received, 

and the sample mass was recorded.  The sample was then dried in a muffle furnace at 105 °C (221 °F) for 

48 h, and the post-drying mass was recorded.  The pre- and post-drying masses and calculated density and 

water content are provided in Table 5. 

Table 5. Shredded Hardwood Mulch Density and Water Content. 
Properties As Received Post-Drying 

Mass 362.3 g 142.1 g 
Density 362.3 kg/m3 142.1 kg/m3 

Water Content 61 % Assumed 0% 
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4.2 METALS ANALYSIS 

The sample was digested in triplicate according to SW-846 Method 3050B, and analyzed via ICP 

according to SW-846 Method 6010D on July 30, 2018.  The majority of metal analytes were either below 

the Limit of Detection or below the Limit of Quantitation of the equipment, or had variable results between 

the triplicate analyses.  Table 6 summarizes the results obtained, full results from these analyses are 

provided in Appendix A. 

Table 6. Metals Detected (Above LOD and LOQ, and Met Method Quality Criteria). 

Analyte Detection results (mg/kg or ppm) 
Run 1 Run 2 Run 3 Avg. 

Barium 30.1 28.4 24.9 27.8 
Copper 1.51 1.78 1.53 1.61 

Phosphorus 103 112 125 113 
Sulfur 126 136 134 132 
Zinc 9.82 9.74 9.21 9.59 

 
4.3 FATTY ACID ANALYSIS 

Fatty Acid Methyl Ester (FAME) Analysis was performed using Gas Chromatography with 

Flame Ionization Detector (GC-FID) Surrogate Recovery. The samples were extracted on July 15, 2018, 

and analyzed for Linoleic, Linolenic, and Aracidonic Acids on July 20, 2018.  Table 7 summarizes the 

results obtained from the FAME Analysis, full results from these analyses is provided in Appendix A. 

Table 7. FAME Analysis Results Summary. 
Run 
No. 

Linoleic Acid 
µg/g (ppm) 

Linolenic Acid 
µg/g (ppm) 

Aracidonic Acid 
µg/g (ppm) 

1 155 13.0 2.54 J 
2 145 13.1 2.31 J 
3 159 15.1 4.76 J 
Avg. 153 13.7 3.20 J 

St. Dev. 7.21 1.18 1.35 
%RSD* 4.71 8.63 42.2 
J – Estimated value, above the detection limit but below the quantitation limit 
*Percent Relative Standard Deviation 

4.4 BASKET HEATING TESTS 

Two basket heating tests were performed on the Shredded Hardwood Mulch: U.N. Manual of 

Tests and Criteria, Part III, Section 33.3.1.6, Test N.4 Test Method for Self-Heating Substances, and the 

Crossing Point Temperature Method. Both methods involve exposing a 100×100×100-mm wire mesh 

cube containing the sample to pre-heated air in an oven for a specific time period, or until some 

temperature criteria is met.  Figure 3 shows the wire mesh cube filled with Shredded Hardwood Mulch 

and installed in the oven with five (5) internal thermocouples and one oven thermocouple (all Type K, 

0.1-in. diameter, Stainless Steel Sheathed, Grounded Junction).  Temperatures were measured at the center 

of the cube, 10 mm from the center, 20 mm from the center, 35 mm from the center, and at the edge of the 

sample, as well as the oven ambient temperature.  This setup was utilized for all U.N. Manual Test N.4 
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and “Crossing Point Temperature” Basket Heating Tests.  For UN Manual Test N.4, testing was performed 

for 24 h at 140 °C (284 °F).  For the Crossing Point Temperature test series, at each oven temperature 

setting the sample temperatures were monitored until the center temperature was higher than the other 

sample temperatures, combustion occurred, or for a maximum of 24 h. 

 
Figure 3. Basket Heating Test Setup. 

4.4.1 UN MANUAL OF TESTS AND CRITERIA, TEST N.4, SELF-HEATING TEST 

A common method for determining the likelihood of a substance to undergo spontaneous 

combustion is the U.N. Manual of Tests and Criteria, Part III, Section 33.3.1.6, Test N.4 Test Method for 

Self-Heating Substances (UN).  The initial screening test for this method involves exposing a 

100×100×100-mm wire mesh cube containing the sample to air at 140 °C (284 °F) for 24 h.  The mesh 

cube is suspended in the center of an oven, which has been pre-heated to the test temperature.  The oven 

temperature and temperature of the center of the sample are monitored for the duration of the test.  If 

spontaneous ignition occurs or if the temperature of the sample exceeds the oven temperature by 60 °C 

(108 °F), then the sample is considered a self-heating substance of Division 4.2.  The Shredded 

Hardwood Mulch was tested in accordance with U.N. Manual of Tests and Criteria, Part III, Section 

33.3.1.6, Test N.4, on July 6, 2018, and the sample temperature exceeded the oven temperature by 

only 12.6 °C (22.7 °F), which indicates that it is not a self-heating substance of Division 4.2. 
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4.4.2 CROSSING POINT TEMPERATURE METHOD 

A basket heating method, referred to as the “crossing point temperature method,” was also 

performed for the Shredded Hardwood Mulch.  The crossing point temperatures at various oven 

temperatures can be used to calculate kinetic parameters of the sample. 

This method involves placing a 100×100×100-mm wire mesh cube containing the sample in a 

preheated oven at various temperatures, and monitoring several temperatures between the center and the 

edge of the sample.  The sample was monitored until the center temperature exceeded the other 

temperatures between the center and the edge; the center temperature at this point is defined as the 

“crossing point temperature.”  The crossing point temperature at various oven temperatures can be used 

to calculate kinetic parameters of the sample (i.e. heat of reaction and activation energy).  Some oven 

temperatures did not result in finding the crossing point temperature, either because the temperature was 

too low that the center temperature did not exceed the other sample temperatures before the end of the 

24 h observation period, or the oven temperature was too high and the sample ignited prior to the crossing 

point temperature being found. 

Table 8 summarizes the oven temperatures tested, and the crossing point temperatures observed.  

These values were used to calculate the kinetic paramaters, EA and QA.  Lönnermark et al1 describes the 

methodology: 

• The slope of the temperature-time graph at the crossing point, ln(δT/δt), was plotted against the 

inverted crossing point temperature, 1000/TCP, for each ambient [oven] temperature.  

• These points are interpolated to create linear expression which can be expressed […] as: 

ln �
𝛿𝛿𝛿𝛿
𝛿𝛿𝛿𝛿
� = ln �

𝑄𝑄𝑄𝑄
𝐶𝐶𝑃𝑃
� −

𝐸𝐸
𝑅𝑅𝑇𝑇𝐶𝐶𝐶𝐶

 

 Where –E/R is the coefficient in the linear expression and ln(QA/CP) is the constant. 

 Where: 

 (δT/δt)  slope of the temperature-time (K s-1) 
 Q  heat of reaction (J kg-1) 
 A  pre-exponential factor in Arrhenius expression (s-1) 
 CP  specific heat of the bulk material (J kg-1 K-1) 
 E  activation energy (J mol-1) 
 R  universal gas constant (J mol-1 K-1) 
 TCP

  crossing point temperature (K) 

The linear curve fit for these points.  The heat capacity (Cp,bulk), needed for the calculation of QA, 

was estimated to be 2351 J/kg K based on the calculations provided in The Chemistry of Solid Wood 2: 

The specific heat co of dry wood, which is about 0.295 at 25 °C [77 °F], increases linearly with 

temperature from about 0.27 (cal/g °C) at 0 °C [32 °F] to 0.38 at 100 °C [212 °F].  The specific 
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heat cw of liquid water is 1.0.  Therefore, by using the method of mixtures with the assumption 

that bound water has the same specific heat as liquid water, the specific heat c for moist wood 

can be calculated as: 

𝑐𝑐 =  (𝑐𝑐𝑜𝑜 + 𝑚𝑚𝑐𝑐𝑤𝑤)/(1 + 𝑚𝑚) 

 The variable m is the moisture content, which was calculated to be 61% for the Shredded 

Hardwood Mulch (see Table 5).  The equation calculates the specific heat in cal/g °C which can be 

converted to J/kg K. 

“Crossing Point Temperature” Basket Heating Tests were performed July 10–26, 2018.  Table 8 

summarizes the tests performed and the results obtained for the basket heating tests.  The plot of ln(δT/δt) 

as a function of 1000/TCP, in Figure 4, is used to determine the kinetic parameters from the formula 

presented by Lönnermark et al1.  The activation energy, E, was calculated to be 196 kJ/mol, and QA 

was calculated as 1.55×1023 (J/kg s) for the Shredded Hardwood Mulch. 

Table 8. Basket Heating Test Summary and Results. 

Test No. TOVEN 

(°F) 
TOVEN 

(°C) 
TCP 

(°C) 
TCP  
(K) 1000/TCP 

δT/δt at CP 
(K/s) ln(δT/δt) 

1 284 140 N/A N/A N/A N/A N/A 
2 320 160 177 450 2.22 0.0011 -6.812 
3 392 200 N/A N/A N/A N/A N/A 
4 356 180 209 482 2.08 0.0357 -3.333 
5 329 165 184 457 2.19 0.0023 -6.075 
6 347 175 200 473 2.12 0.0135 -4.305 
7 338 170 190 463 2.16 0.0068 -4.985 

 

 
Figure 4. Shredded Hardwood, ln (δT/δt) against 1000/TCP for each oven temperature. 

Activation energy is the minimum amount of energy that is required to start a chemical reaction.  

In this case it is an exothermic reaction that generates heat at a faster rate than the heat loss rate to the 

environment, and ultimately result in thermal runaway.  The activation energy is only part of the picture 

y = -23.566x + 45.636
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and has to be considered in combination with the frequency factor (A).  A material with a high activation 

energy can be more reactive than a material with a lower activation energy if it also has a higher frequency 

factor and/or heat of reaction.  Therefore, the proper way to compare the reactivity of the various products 

is by comparing the heat production rate, which takes into account all the kinetic parameters shown in 

Table 9.  Lönnermark et al1 assumes that the heat production rate follows an Arrhenius function: 

𝑞̇𝑞′′′ = 𝑄𝑄𝑄𝑄𝑒𝑒−𝐸𝐸 𝑅𝑅𝑅𝑅�  

Where: 

𝑞̇𝑞′′′= heat production rate (J/kg s) 
Q = heat of reaction (J/kg) 
A = the pre-exponential factor in the Arrhenius expression for heat production in a body (1/s) 
E = activation energy (J/mol) 
R = the universal gas constant (R = 8.314 J/mol K) 
T = temperature (K) 

 

Table 9. Kinetic Parameters for Shredded Hardwood Mulch, Wood Pellets1, and Grasses and 
Straws3.  (Calculated with Data from Basket Heating Tests and Literature Sources). 

Product ρ, bulk 
(kg/m3) 

Cp, bulk 
(J/kg K) 

E 
(kJ/mol) 

Q ×A 
(J/kg s) 

Shredded Hardwood Mulch 362 2351 196 1.6 × 1023 

Wood Pellet J 1 766 1455 81 2.6 × 1010 

Wood Pellet M 1 719 1650 74 3.9 × 109 

Wood Pellet L 1 715 1600 85 5.1 × 1010 
Reed canary grass3 NA* NA 86.70 NA 
Rape straw3 NA NA 71.73 NA 
Switch grass3 NA NA 53.41 NA 
Wheat straw3 NA NA 44.50 NA 

*Not available 

[1] SP Technical Research Institute of Sweden (2012). Small-scale methods for assessment of risk for self-

heating of biomass pellets. 

[2] Rowell, R. (1984). The chemistry of solid wood. Advances in Chemistry Series 207. ACS, Seattle, Wash. 

1983. Washington, D.C., p.153. 

[3] Greenhalf, C., Nowakowski, D., Bridgwater, A., Titiloye, J., Yates, N., Riche, A. and Shield, I. 

(2012). Thermochemical characterisation of straws and high yielding perennial grasses. 

 The heat of production rate in J/m3s is calculated by multiplying 𝑞̇𝑞′′′ by the bulk density.  By 

plotting the heat of production as a function of temperature for the various products (see Figure 5), it is 

clear that the wood pellets are more reactive than the Shredded Hardwood Mulch.  The values needed 

to calculate the heat of production rate for the grass and straw samples were not available in the literature 

source, but the activation energy is comparable or lower than the wood pellets and much lower than the 

Shredded Hardwood Mulch.  This means the grasses and straws would require less energy for thermal 

runaway. 
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Figure 5. Heat Production Rates for Shredded Hardwood Mulch and Wood Pellets. 

5.0 INTERMEDIATE-SCALE TESTING 

The mulch selected from the Preliminary Screening Tests, Shredded Hardwood Mulch, was 

observed for evidence of self-heating in two (2) 2×2×2 ft wire mesh cubes (8 cu. ft. cubes or four bags of 

mulch each), and exposed to either the ambient outdoor environment or a temperature-controlled indoor 

environment.  The cube design was selected to create a pile which is much thicker than is reasonably 

installed in landscape applications, while allowing exposure to the ambient environment.  The maximum 

depth listed on the mulch bag coverage chart is 4 in., but the center of the mulch cube pile was 12 in. from 

any edge of the cube.  Thinner mulch depths would be expected to pose less risk of spontaneous 

combustion because the pile would be less insulating. 

Additionally, eight (8) 8-in. flower pots were setup alongside the cubes to observe a wood-based 

potting soil and peat-based potting soil, with and without fertilizer.  The four sample types listed in Table 

2 were placed both indoor and outdoor near the cubes. 

Internal temperatures of the mulch cubes and flower pot potting soil samples, as well as 

environmental conditions indoor (temperature and relative humidity) and outdoor (temperature, relative 

humidity, and wind speed/direction) were monitored and recorded through the observation period.  The 

samples were observed July 11–August 27, 2018 (more than 6 weeks) during the peak of summer in San 

Antonio, Texas.  The average outdoor highs/lows during the observation period were 107 °F/73 °F, and 

the average relative humidity was 57 %.  The indoor average temperature was 79 °F, and the average 

relative humidity was 54 %.  The following subsections describe the test setup, instrumentation, and 

observations in further detail. 
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5.1 TEST SETUP 

The Shredded Hardwood Mulch was placed into two (2) 2×2×2 ft wire mesh cubes.  One cube 

was placed in a controlled lab environment, and the other placed outdoor for exposure to the ambient 

environment.  Each cube was instrumented with nine (9) temperature sensors.  Pre- and post-test weights 

were recorded for both cubes.  Temperature and humidity of the indoor and outdoor environments were 

recorded, as well as wind speed/direction for the outdoor environment. 

Eight (8) 8-in. flower pots were setup alongside the cubes to observe a wood-based potting soil 

and peat-based potting soil, with and without fertilizer (listed in Table 2).  One of each potting soil was 

placed indoor and outdoor near the cubes (4 flower pots at each location).  Each potting soil sample was 

instrumented with an internal temperature sensor.  No additional physical measurements were collected 

for the potting soil samples. 

Figure 6 and Figure 7, show the setup of the mulch cubes and flower pot indoor and outdoor, 

respectively. 

 

Figure 6. Intermediate-Scale Testing – Indoor Setup (Flower Pots – Left, Mulch Cube – Right). 
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Figure 7. Intermediate-Scale Testing – Outdoor Setup (Ambient Sensor Locations Indicated). 

5.2 INSTRUMENTATION 

Temperatures were measured with Type K, Exposed Junction Thermocouples (constructed from 

24-gauge thermocouple extension wire with a welded bead).  Each cube contained nine (9) thermocouples.  

The mulch cube sensor locations are shown in Figure 8 and Figure 9 for the indoor and outdoor cubes, 

respectively.  Each flower pot contained one (1) centrally located thermocouple. 

Wind Speed/Direction Sensor 

Humidity Sensor 

Mulch 
Cube 

Potting 
Soil 

Ambient Temperature Sensor 
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Figure 8. Indoor Mulch Cube Thermocouple Locations. 

 

 
Figure 9. Outdoor Mulch Cube Thermocouple Locations. 
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Wind speed and direction were measured with an Omega Wind Monitoring Station (Model No. 

WMS-23).  Relative Humidity was measured with an Omega Relative Humidity Transmitter (Model No. 

HX92BV1). 

All measurements were recorded by a calibrated data acquisition system at a 6-min scan rate 

throughout the observation period.  The data files were periodically stopped/restarted.  A list of calibrated 

equipment is presented in Appendix B. 

5.3 OBSERVATIONS 

SwRI performed intermediate-scale testing to observe small piles of Shredded Hardwood 

Mulch, and wood- and peat-based potting soil with and without fertilizer for evidence of self-heating.  

The observation was conducted on July 11–August 27, 2018, (more than 6weeks) during the peak of 

summer in San Antonio, Texas.  The average outdoor highs/lows during the observation period were 

107 °F/73 °F, and the average relative humidity was 57 %. The indoor average temperature was 79 °F, 

and the average relative humidity was 54 %. 

Table 10 lists the minimum, maximum, and average temperatures for the indoor mulch cube 

sample and the ambient environment for each week during the observation period.  Figure 10 

graphically shows the average temperatures of the indoor mulch cube and the ambient environment.  

The pre-test and post-test mass of the indoor mulch cube were 196.9 lbs and 147.4 lbs, respectively, or 

a 25 % mass loss. 

Table 11 and Figure 11 summarize these same measurements for the outdoor mulch cube. The 

pre-test and post-test mass of the outdoor mulch cube was 172.5 lb and 113.9 lb, respectively, for a 

34 % mass loss.  The samples were weighed with the mesh cube and a piece of sheet rock underneath 

for stability.   

The potting soil minimum, maximum, and average temperatures for both the indoor and outdoor 

samples are summarized in Table 12, and average temperatures are shown graphically in Figure 12.  
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Table 10. Indoor Mulch Cube Minimum, Maximum, and Average Temperatures by Week. 

Observation 
Period 

Min. / Max. Temperature (°F) 
Avg. Temperatures (°F) 

T1 T2 T3 T4 T5 T6 T7 T8 T9 Ambient 
July 11 –17 
(Week 1) 

73 / 86 
80 

75 / 87 
81 

75 / 88 
80 

74 / 89 
79 

68 / 84 
74 

71 / 86 
77 

68 / 84 
73 

73 / 87 
78 

72 / 85 
77 

73 / 85 
78 

July 18 – 24 
(Week 2) 

76 / 88 
81 

77 / 87 
82 

74 / 84 
79 

73 / 83 
78 

68 / 79 
74 

70 / 81 
76 

66 / 78 
72 

71 / 82 
77 

72 / 81 
77 

73 / 87 
79 

July 25 – 31 
(Week 3) 

75 / 86 
81 

76 / 86 
81 

74 / 84 
79 

73 / 83 
77 

68 / 79 
74 

70 / 80 
75 

66 / 77 
72 

71 / 82 
76 

71 / 82 
77 

74 / 85 
79 

Aug 1 – 7 
(Week 4) 

75 / 86 
80 

76 / 85 
80 

73 / 84 
79 

73 / 83 
78 

69 / 79 
74 

70 / 80 
75 

66 / 77 
72 

71 / 82 
76 

72 / 81 
77 

74 / 84 
78 

Aug 8 – 14 
(Week 5) 

76 / 86 
80 

76 / 85 
80 

75 / 84 
79 

74 / 84 
79 

71 / 80 
76 

71 / 81 
76 

68 / 78 
73 

73 / 82 
77 

73 / 82 
78 

74 / 84 
78 

Aug 15 – 21 
(Week 6) 

76 / 86 
81 

76 / 85 
80 

75 / 84 
80 

75 / 84 
79 

71 / 80 
76 

72 / 81 
76 

68 / 77 
73 

73 / 82 
77 

73 / 82 
78 

74 / 85 
79 

Aug 22 –27 
(Week 7) 

76 / 89 
81 

76 / 87 
81 

75 / 85 
81 

75 / 85 
80 

72 / 82 
77 

72 / 82 
77 

68 / 78 
73 

73 / 83 
78 

73 / 83 
78 

75 / 89 
80 

  

 

 

Figure 10. Indoor Mulch Cube Average Temperatures by Week. 
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Table 11. Outdoor Cube Minimum, Maximum, and Average Temperatures by Week. 

Observation 
Period 

Min. / Max. Temperature (°F) 
Avg. Temperatures (°F) 

T15 T16 T17 T18 T19 T20 T21 T22 T23 Ambient 
July 11 –17 
(Week 1) 

82 / 96 
88 

85 / 95 
90 

84 / 95 
90 

82 / 94 
89 

79 / 95 
88 

75 / 91 
84 

78 / 93 
86 

85 / 94 
89 

85 / 95 
91 

73 / 107 
86 

July 18 – 24 
(Week 2) 

85 / 100 
92 

88 / 101 
94 

86 / 101 
93 

86 / 100 
92 

84 / 100 
92 

78 / 98 
88 

80 / 100 
89 

73 / 97 
89 

85 / 99 
93 

74 / 112 
89 

July 25 – 31 
(Week 3) 

86 / 100 
92 

90 /102 
96 

88 / 101 
95 

88 / 99 
94 

86 / 99 
93 

80 / 98 
90 

80 / 98 
89 

73 / 96 
86 

86 / 98 
93 

71 / 109 
88 

Aug 1 – 7 
(Week 4) 

84 / 101 
91 

92 / 109 
100 

91 / 108 
99 

89 / 105 
95 

87 / 104 
94 

78 / 101 
90 

74 / 98 
87 

69 / 98 
86 

84 / 104 
94 

70 / 107 
86 

Aug 8 – 14 
(Week 5) 

89 / 107 
97 

101/113 
106 

100/113 
107 

93 /111 
104 

85 /110 
101 

78 / 107 
97 

79 / 107 
93 

84 / 107 
98 

100/110 
104 

71 / 106 
84 

Aug 15 – 21 
(Week 6) 

89 / 105 
96 

100/112 
106 

102/112 
107 

100/109 
105 

96/107 
103 

91 / 105 
99 

89 / 111 
99 

97 / 111 
104 

98 / 110 
104 

73 / 110 
87 

Aug 22 –27 
(Week 7) 

85 / 102 
93 

93 / 109 
100 

95 / 110 
102 

95 / 109 
102 

93 / 108 
100 

84 /105 
95 

82 / 105 
94 

88 / 104 
95 

96 / 105 
100 

74 / 110 
87 

 

 

Figure 11. Outdoor Cube Average Temperatures by Week. 
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Table 12. Potting Soil Minimum, Maximum, and Average Temperatures. 

Observation 
Period 

Min. / Max. Temperature (°F) 
Avg. Temperatures (°F) 

Indoor Outdoor 
WF 

1 
WNF 

2 
PNF 

3 
PF 
4 Ambient WF 

1 
WNF 

2 
PNF 

3 
PF 
4 Ambient 

July 11 –17 
(Week 1) 

72 / 82 
77 

73 / 84 
78 

72/82 
77 

72 /82 
77 

73 / 85 
78 

75/105 
88 

75/106 
88 

75/112 
88 

75/108 
87 

73 / 107 
86 

July 18 – 24 
(Week 2) 

73 / 85 
78 

73 / 86 
79 

72 / 84 
77 

71 / 83 
77 

73 / 87 
79 

75/109 
89 

74/109 
89 

75/114 
89 

74/110/
87 

74 / 112 
89 

July 25 – 31 
(Week 3) 

73 / 83 
78 

73 / 84 
78 

71 / 82 
76 

71 / 81 
75 

74 / 85 
79 

72/105 
87 

71/104 
87 

75/115 
92 

74/112 
90 

71 / 109 
88 

Aug 1 – 7 
(Week 4) 

72 / 82 
77 

73 / 82 
77 

71 / 82 
77 

71 / 83 
77 

74 / 84 
78 

71/102 
84 

71/105 
87 

74/113 
89 

75/110 
90 

70 / 107 
86 

Aug 8 – 14 
(Week 5) 

73 / 82 
77 

73 / 83 
78 

74 / 83 
79 

74 / 84 
79 

74 / 84 
78 

71/106 
85 

71/106 
85 

67/112 
85 

69/109 
85 

71 / 106 
84 

Aug 15 – 21 
(Week 6) 

73 / 82 
77 

74 / 85 
79 

75 / 84 
79 

75 / 85 
79 

74 / 85 
79 

75/107 
87 

75/105 
88 

74/109 
88 

74/109 
87 

73 / 110 
87 

Aug 22 –27 
(Week 7) 

73 / 86 
78 

75 / 88 
80 

75 / 88 
80 

75 / 88 
81 

75 / 89 
80 

74/106 
87 

75/103 
86 

77/110 
90 

74/106 
85 

74 / 110 
87 

WF = Wood-based, with Fertilizer, WNF = Wood-based, No Fertilizer 
PNF = Peat-based, No Fertilizer, PF = Peat-based, with Fertilizer 
 

 

Figure 12. Potting Soil Average Temperatures (Indoor and Outdoor) by Week. 
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6.0 CONCLUSIONS 

There is a lack of understanding whether small layers of mulch in a landscape application poses 

a similar risk of spontaneous combustion as much larger mulch piles.  SwRI has developed a test 

program to identify the mulch variety that exhibits the highest risk qualities; lowest decomposition 

temperature as determined by TGA testing, and greatest insulation capacity as determined by ASTM 

C518 testing.  The selected mulch variety from these Preliminary Screening Tests, Shredded Hardwood 

Mulch, was observed in intermediate-scale piles for evidence of self-heating. 

The intermediate-scale samples were observed July 11–August 27, 2018, (more than 6 weeks) 

during the peak of summer in San Antonio, Texas, to investigate the likelihood of spontaneous 

combustion in small layers of wood mulch used in landscape applications.  Wood-based and peat-based 

potting soils (with and without fertilizer) were also observed during the Intermediate-Scale Testing. 

The mulch was observed in 2×2×2-ft mesh cubes, both indoor and outdoor.  The cube size was 

selected to create a pile which is much thicker than is reasonably installed in landscape applications, while 

allowing exposure to the ambient environment.  The maximum depth listed on the mulch bag coverage 

chart is 4 in., but the center of the mulch cube pile was 12 in. from any edge of the cube.  Thinner mulch 

depths would be expected to pose less risk of spontaneous combustion because the pile would be less 

insulating. 

The indoor mulch cube temperatures only varied slightly throughout the duration of the 

observation period, tracking closely to the ambient conditions.  Whereas, the outdoor mulch cube retained 

heat, with the temperatures slowly increasing until they peaked during weeks 5 and 6, regardless of the 

daily ambient temperature fluctuations.  The maximum temperature observed in the outdoor mulch cube 

was 112.6 °F at TC16 (6 in. up from bottom of cube along center axis).  Ambient maximum temperatures 

were only slightly lower than the mulch cube internal temperatures, which indicates that the mulch is 

retaining heat due to its insulating properties but not self-heating.  Based on the TGA data, the temperature 

at the onset of thermal decomposition for the Shredded Hardwood Mulch was about 200 °C (392 °F).  The 

maximum temperature observed in the outdoor mulch cube was only 113 °F, at which temperature the 

reaction rate is negligible.  Based on these results, it is very unlikely that mulch in a landscape 

application would pose a risk of spontaneous combustion. 

Four (4) 8-in. flower pots were setup alongside each cube to observe a wood-based potting soil 

and peat-based potting soil, with and without fertilizer (four varieties, indoor and outdoor; eight total).  

Each flower pot had one internal temperature measurement.  Both indoor and outdoor potting soil samples 

tracked closely to the ambient conditions, and did not show signs of self-heating.  Based on these results, 

it is very unlikely that potting soil (wood- or peat-based, with or without fertilizer) in 8-in. flower 

pots would pose a risk of spontaneous combustion.
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EQUIPMENT CALIBRATION DOCUMENTATION 
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Table B-1. Equipment Calibration List. 

Item Manufacturer Model Serial No. Next Calibration Due 
Data Acquisition Yokogawa DU100-11 91R329471 May 21, 2019 
Data Acquisition Yokogawa DU100-11 91R40034 May 4, 2019 

Humidity/Temp Indicator Omega HX92BV1 1805109 July 10, 2019 
Humidity/Temp Indicator Omega HX92BV1 1805111 July 10, 2019 

Anemometer Omega WMS-23 2445 June 6, 2019 
Scale Arlyn 5-4404 33390B March 30, 2019 
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