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Abstract 
 
The present report describes experiments conducted at SP Swedish National Testing and 
Research Institute within the framework of CECOST. The experimental work included 
the determination of oxidation reaction rates of wood pellets through basket-heating tests. 
It further includes the results of reference tests in the 1 m3 scale conducted with wood 
pellets.  
 
The experimental work has increased the knowledge of the processes associated with 
spontaneous ignition in wood pellets.  It has been showed that basket heating tests using 
the “crossing-point method” gives plausible data on lumped reaction kinetics for 
exothermic chemical reactions leading to spontaneous ignition in wood pellets and that 
the Frank-Kamenetskii theory can be used as an engineer tool for making an assessment 
of the critical temperature for spontaneous ignition for a simple storage geometry with 
known boundary conditions.  
 
The series of large scale reference tests was considered as successful, as spontaneous 
ignition was established, in a controlled manner, in a volume as large as 1m3. The results 
of these tests are intended to have a role in increasing the knowledge of self-heating and 
spontaneous ignition in bulk storage of wood pellets and as well determined validation 
experiments for mathematical simulations of self-heating. 
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Sammanfattning 
 
Rapporten beskriver experiment som utförts på SP Sveriges Provnings och Forsknings-
institut inom ramen för CECOST. Det experimentella arbetet innefattade bestämning av 
reaktionsparametrar för oxidation av träpellets genom ”basket-heating tests”. Arbetet 
innefattade också självantändningsförsök med träpellets i 1 m3 skala. 
 
Det experimentella arbetet har ökat kunskapen om de processer som är förknippade med 
självantändning i träpellets. Det har visat att ”basket-heating tests” med "crossing-point 
metoden" ger användbar data om reaktionskinetik för de exoterma kemiska reaktioner 
som leder till självantändning för träpellets samt att Frank-Kamenetskii teori kan 
användas som ett ingenjör verktyg för att göra en bedömning av den kritiska temperaturen 
för spontan antändning för en enkel lagringgeometri med kända randvillkor. 
 
Serien av storskaliga självantändningsförsök var framgångsrik, då självantändning kunde 
initieras på ett kontrollerat sätt i en relativt stor bulkvolym. Resultaten av dessa tester är 
avsedda att ha en roll i att öka kunskapen om självuppvärmning och självantändning i 
bulklagring av träpellets samt som validerings experiment för matematiska simuleringar 
av självuppvärmning 
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1 Introduction 
 
The use of solid biofuels is increasing in many countries as the cost of fossil fuels is 
raising and as environmental concerns regarding pollution and the greenhouse effect are 
growing. In Sweden the use of solid biofuels has increased steadily during the last twenty 
years. Biofuels represented in 2004 an energy contribution of 110 TWh, which was 17 % 
of the total energy production [1]. Biofuels consist mainly of domestically produced non-
refined solid biofuels, such as e.g. wood fuels, peat and straw. The production of refined 
solid biofuels has, however, increased strongly during the last years. Pelletized wood fuel 
is a new and increasing type of refined solid biofuel which is energy-dense and suitable 
for storage and transportation. The production of wood pellets is currently increasing 
rapidly in Sweden, and the demand for this new fuel type has further led to an increased 
import from e.g. the Baltic States and Canada. 
 
Storage of a refined wood fuel as pellets requires a protected environment to maintain the 
low moisture contents and the structure of the fuel. Thus, the storage conditions for these 
types of fuels are entirely different from the storage of “wet fuels” as wood chips 
etc. Wood pellets are after production normally stored in large piles in huge storage 
buildings. Alternatively, and more and more commonly, the newly produced pellets are 
stored in old converted or newly built silos. Pellets produced for export are normally 
transported with large bulk freighters, and are thus stored in cargo cells in the ship during 
weeks or month of transportation. 
 
New types of fuels in transportation and storage represent new risks for the society. Solid 
biofuels are generally porous materials susceptible of heat generating processes as 
microbiological growth and chemical oxidation and are thus prone to self -heating and 
spontaneous ignition. Due to the low moisture content of wood pellets the growth of 
microorganisms are normally limited, but temperature build-up is often observed in 
newly produced material. There is yet no detailed information available on the processes 
responsible for this initial low-temperature heat production, but evidences are pointing at 
oxidation of organic components in the freshly produced product. It seems likely that the 
quality of the pellet product, i.e. the raw material and the production process, would have 
an influence on the magnitude of this initial heat producing oxidation. At higher 
temperatures it is, however, clear that oxidation of wood pellets leads to heat production, 
and depending on the storage configuration, can lead to spontaneous ignition. 
 
A number of incidents with spontaneous ignition of wood pellets in storage have already 
occurred in Sweden. One example is the fire in Härnösand in the fall of 2004 where 
spontaneous ignition occurred almost simultaneous in three large silos, each containing 
3000 m3 wood pellets [2]. Other examples are the fires, in large storage buildings, in 
Skellefteå (2004) and in Ramvik (2005). The fire in Ramvik involved 43000 m3 wood 
pellets [3]. Another risk from storage and transport of wood pellets that has been brought 
to attention quite recently is the production of carbon monoxide (CO) and other emissions 
in storage. During the unloading of wood pellets from a cargo ship in the Helsingborg 
harbour, Sweden, one of the ship crew members was killed and six people from the 
rescue team were injured from breathing the emissions from the pellet load [4]. The 
autopsy showed CO-poisoning as the cause of death for the fatal victim, but lung 
damages from not specified irritants was further observed for one of the rescue 
workers. More than 5000 ppm of CO was measured in one of the cargo cells in the ship 
[4]. It was verified when unloading, that it had not been any smouldering fire in the cargo 
during the transport. The assessment of the cause of the incident was that the CO 
production must have been from low temperature oxidation during transportation of the, 
probably fresh, wood pellets.  
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There is thus a need of new knowledge regarding solid biofuels and specifically wood 
pellets. Their tendency for self -heating and spontaneous ignition, together with 
knowledge of their emissions during the self -heating process, is important for an 
assessment of risks in storage and transportation. There is further a need for knowledge 
regarding detection of smouldering fires in storages and extinction tactics for fires in 
biofuel storages as e.g. silos. 
 
Knowledge and tools for safe transport and storage of solid biofuels have been pin-
pointed as important by the Swedish Energy Agency (STEM) which has founded research 
in this area. This research is executed through CECOST (The Centre for Combustion 
Science and Technology) which is a Swedish school of excellence within combustion 
related research [5]. This research includes the determination of material properties 
important for self -heating and spontaneous ignition, both on the micro and macro scale, 
mathematical simulation as a tool for assessing the risk for spontaneous ignition and for 
planning of safe storage [6], and further advanced experiments in both small- and large 
scale for studies of self -heating processes, detection and extinguishing tactics, and for 
validation of mathematical simulations. 
 
The present report describes experiments conducted at SP Swedish National Testing and 
Research Institute within the framework of CECOST. The experimental work included 
the determination of oxidation reaction rates of wood pellets through basket-heating tests. 
It further includes the results of reference tests in the 1 m3 scale conducted with wood 
pellets.  
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2 Experimental work 
 
Experiments have been conducted in physical scales of 1 dm3 and 1 m3, mainly with 
wood pellets. Basket-heating tests have been conducted according to the “crossing-point 
method” [7] to derive kinetic data for the oxidation reactions responsible for self -heating. 
This data was needed as input for mathematical simulation of spontaneous ignition and 
was used in the planning of the large-scale experiments within the project. The 
experiments in the 1 m3 scale were set-up basically as an enlargement of the basket tests 
to obtain validation experiments with controlled boundary conditions in a reasonable 
large scale. 
 
The experimental work conducted produced kinetic data on oxidation reaction of e.g. 
wood pellets, insight in self -heating processes, experimental data for validation of 
prediction models, and a link between different experimental scales. 
 

2.1 Samples of solid biofuels 
 
Solid biofuels include a large group of fuels which all originates from biological 
materials. Fuels originating from forest are normally divided into wood fuels (wood, bark, 
chips, etc.) and refined wood fuels (pellets, briquettes). A more complete account of the 
different types and the use of solid biofuels in Sweden has been given in [8]. 
 
Wood pellets are made from various compressed forest by-products. The raw material can 
consist of wood-chips, sawdust, cutter shavings, bark, or not as commonly, grass or 
straw. Pellets are produced from the finely divided raw material that in some production 
processes is dried (< 15% moisture) before compressing into pellets. There are more than 
25 major production plants operating in Sweden, and the number is increasing. The 
production in Sweden was 1.3 million tons during 2005 and the import was 0.33 million 
tons [9]. Approximately 60 % of the pellets were used in district heating power plants. In 
large power plants the pellets are normally finely grinded before introduced in to the 
boiler. The remaining 40 % was used for heating of family homes. 
 
A pellet has a maximal diameter of 25 mm, in Sweden normally between 6 and 12 
mm. The most common pellet size is 8 mm diameter. The moisture content of the end 
product is in the range 6-10 %. Pellets are delivered in bulk quantities, in large sacks of 
approximately 800 kg or in small sacks with 15-20 kg pellets. 
 
Solid biofuels for the experimental activities in the project were obtained at two 
occasions. Data on the materials are given in Table 1. The materials tested were from 
SÅBI, which is a pellet producer located in Vaggeryd (Småland). The first materials were 
collected at the production site in September 2003. The fresh sawdust collected was 
rather moist and was first stored in an unconditioned storage room at SP in open boxes to 
dry somewhat. The material was after four month moved to a controlled climate room (23 
± 2°C, 50 ± 10 % moisture) in order to stabilise the moisture content. Before the tests the 
sawdust was sieved using a 5 mm sieve. Only a limited amount of larger wood pieces 
were removed from the sample trough this procedure. The samples of wood pellet were 
relatively dry when collected and were put directly in the controlled climate storage. A 
larger amount of the 8 mm wood pellets were later received from SÅBI for the 1-m3 tests. 
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2.2 Basket heating tests 
 
Basket heating tests were conducted according to the crossing-point method to derive 
kinetic data for high temperature oxidation reactions. The definition of the “high 
temperature oxidation region” for a biofuel storage, would be from a temperature of about 
80°C, where heat production starts to be dominated by chemical oxidation and where heat 
production from any microbiological growth has ceased [10], up to temperatures over 
200°C were fast pyrolysis takes over. The materials included in the study were sawdust 
and 6 mm respective 8 mm diameter wood pellets (see Table 1). 

Table 1  Data on investigated wood fuels. 

Product Source Date / amounts Experiments Moisture 
content 
(%) 

Bulk 
density 

(kg/m3) 

Sawdust Sampled at 
SÅBI 

2003-09-05 / 
70 liters 

Basket-heating, 
Jan. a  and Mayb  
2004 

13b-16 a  201b  -
207 a  

Wood pellets,  
6 mm 

Sampled at 
SÅBI 

2003-09-05/ 
100 liters 

Basket-heating, 
May 2004 

8.2 603 

Wood pellets,  
8 mm - 1 

Sampled at 
SÅBI 

2003-09-05/ 
100 liters 

Basket-heating, 
June 2004 

7.4 668 

Wood pellets,  
8 mm - 2 

Received 
from SÅBI 

2005-04-04 / 
3328 kg 

1-m3 tests, 
April 2005 

8.8 660 

 
 
The crossing-point method involves the periphery heating of an initially cold exothermic 
material being subjected to a hot environment with a constant temperature, and is based 
on analysis of the non-steady solution of the energy conservation equation [7, 11].  
 
Consider a symmetrical piece of material where the heat wave propagates towards the 
centre. Initially the centre temperature is lower than the periphery temperature (which 
rather quickly exceeds the ambient temperature) and the temperature in the material at a 
small distance from the centre (a few millimetres). At a certain time the centre 
temperature exceeds the temperature measured a small distance from the centre. At that 
point where the centre temperature just exceeds the other temperatures in the material, the 
centre temperature is defined as the crossing-point temperature. It has been shown [7] that 
the observation of this unique temperature can be used as a physic-chemical property to 
indicate the propensity of a solid material to self-heat. The crossing point method has 
previously been applied for wood materials [12] and coals [13].  
 
The equipment used for the experiments, consisted of a temperature-controlled oven with 
a cubic wire-mesh (0.6 mm mesh size) basket, suspended in the centre of the oven, into 
where the sample material was placed. The top surface of the sample material in the 
basket was further covered with a replaceable section of 0.6 mm mesh stainless steel 
net. The basket had 100 mm sides and was suspended in the centre of the re-circulating 
air oven. The oven was placed under a fume cupboard in order to stabilize the furnace 
temperature and to collect any pyrolysis gases produced during the experiments. Five 
0.25 mm type K thermocouples were placed (inserted from the upper side of the cube) 
inside the 100 mm cubic basket to continuously record the temperature profile of the 
sample during a test. The first measurement point (no_1) was in the centre of the basket, 
the second (no_2) at 10 mm away from the centre, the next (no_3) 10 mm further away, 
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and the next (no_4) additionally 15 mm farther away. The last thermocouple (no_5) was 
located at the edge of the sample material close to the wire mesh wall (approximately 48-
50 mm from the centre). The data acquisition device had a peak-to-peak noise of 
approximately 0.3 K for thermocouple no 1 in a test run with an empty basket at 180 °C 
oven temperature. The basket and the positions of the thermocouples are shown in Figure 
1. 
 
A prototype test set-up was used for some of the tests with the sawdust. The thermo-
couples were mounted trough a calcium silicate board that was placed on the top of the 
basket, i.e. the board was covering most of the top surface of the, in this direction, 
otherwise open basket. Additionally, in some of these initial tests the 1dm3 basket was 
placed on the bottom of a larger basket that was suspended in the oven. This larger basket 
was made of 0.8 mm mesh and with the dimensions 150 mm x 150 mm (bottom area) and 
250 mm height. This implicates that in these tests the air on the boundaries of the smaller 
basket with the sample was quite immobile (i.e. a low Bi number). Further the data 
acquisition device (NETDAC) used for the prototype set-up registered a peak-to-peak 
noise of approximately 1.5 K for thermocouple no 1 in a test run with an empty basket at 
180°C oven temperature. 
 

 

Figure 1 Schematic picture of the basket used for the crossing point experiments.  

Positions are given for thermocouples located centrally in the sample (dimensions 

in mm). 

A test was conducted by first letting the oven stabilize at the desired temperature, which 
was in the range 170°C to 200°C for the tests conducted. The locations of the 
thermocouple were checked and the sample material was then carefully filled into the 
basket. The content of material was compressed somewhat by knocking the sides of the 
basket when filling. The test was started by quickly open the door to the oven and place 
the filled container in the centre of the oven (the container was suspended by thin steel 
wires from the ceiling of the oven). A test was continued at least until the central thermo-
couple no_1 constantly showed an elevated temperature compared to thermocouple no_3, 
i.e. until one could be sure that the crossing-point temperature had been reached. The 
(lumped) kinetic parameters, EA and Q×A, were evaluated from crossing point data from 
a number of tests with different oven temperatures, according to the method outlined by 
Chen et al. [7]. The kinetic parameters are given from a plot of ln(dT/dt) for the crossing 
point (position no_1), versus the crossing point temperature (TCP), for the tests with 
different oven temperature. The theoretical background has been described elsewhere [8]. 
 

no 1 no 2 no 4 no 5no 3

10 10 15 15

100

100
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The evaluation of the crossing point was not straight forward for the bulk materials tested. 
Especially the pellet bulk consists of rather large particles (the pellets), and the 
environment for the measurement point of the thermocouples may vary in a random 
order. The thermocouple tip might end up in the free space between the pellets or 
alternatively it might touch the surface of a pellet and thus have possibility of direct 
thermal conduction with the solid material.  
 
Two different methods to evaluate TCP were investigated. One method was to follow the 
recommendations of Chen et al. [7] to use the temperature difference between the centre 
(t.c. no_1) and a point (reference temperature) really close to the centre, in our case t.c. 
no_2 10 mm from the centre. The methods investigated were to use the temperature 
difference between t.c. no_1 and no_3. In both cases TCP was defined as the average 
temperature of t.c. no_ 1 for the time period when the temperature of t.c. no_1 passed that 
of the reference temperature. The slope of the temperature in location no_1 was 
calculated from the temperature data from one minute before to one minute after TCP. 
 
Values of EA and QA for the global exothermic process in the tested material are given in 
Appendix 1, together with information on the evaluation of TCP in each case. Detailed 
experimental data is given in Appendix 1. Further is the value of the heat capacity (CP) 
necessary for the determination of Q×A [7]. A CP of 1100 J/kg.K was used in the 
calculations of Q×A in Table 2 for the both the wood pellets and for the sawdust. The 
determination of the heat capacity for bulk materials is not straight forward, and the 
uncertainty in the values used is high (see section 2.3).  

Table 2 Data on wood fuels tested with the crossing point method. 

Product Number 
of tests 

Assessment 
method (t.c.) 

R2 in ln(dT/dt) 
vs. TCP plot 

EA 
(kJ/mol) 

Resulting Q×A 
(J/kg.s) 

Sawdust 9 no_2 0.848 72 1.5×109 

7 no_3 0.990 82 2.3×1010 

Wood pellets, 
6 mm 

6 no_2 0.932 59 5.5×107 

7 no_3 0.991 69 8.0×108 

Wood pellets, 
8 mm 

7 no_2 0.938 84 3.1×1010 

7 no_3 0.992 77 5.7×109 

 
 
It is evident that the exact value of TCP is dependent on the evaluation method used, and 
that the evaluation procedure has a significant impact on the kinetic data extracted from 
the measurement results. It is clear from the R2-data in Table 2, that the temperature 
difference between the centre thermocouple (no_1) and the thermocouple located 10 mm 
from the centre (no_2) is less suitable to use for the evaluation of TCP in these test. The 
results show that t.c. no_3, which was located 20 mm from the centre, is much better to 
use. The points in the ln(dT/dt) vs. TCP plot, when using t.c. no_3 as reference, conforms 
well to the straight line as showed by the high R2-values (see also Appendix 1). 
 
Data on oxidation kinetics for wood pellets have not been found in the literature, but data 
on sawdust is available. Chong et al. [12] applied the crossing-point method to determine 
the thermal ignition kinetics of sawdust. Two types of sawdust were investigated, one 
treated with copper-chromate-arsenic, and one untreated. The results for the treated 
sawdust gave EA of 106 kJ/mol, and using a Cp of 1700 J/kg.K gave a Q×A value of 
2.47×1013 J/kg.s. The EA for the untreated sawdust was 90 kJ/mol with a Q×A value of 
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3.19×1011 J/kg.s. The value of 90 kJ/mol for EA found by Chong et al., is rather close to 
the value 82 kJ/mol that was found here. 
 
 

2.3 Thermal properties of wood bulk materials 
 
The thermal properties of the bulk materials are needed for making calculations of the 
possibility for spontaneous ignition that are discussed in Section 3. Also for the 
interpretation and assessment of the results from the oven-basket tests discussed in 
Section 2.2 are thermal properties of the bulk used. 
 
Measurements of thermal properties were made using the transient plane source (TPS) 
method. This method measures the thermal diffusivity (α) and the thermal conductivity 
(λ) and thereby calculates the thermal capacity (C) from the thermal response of the 
sample material on the sensor. The TPS method is a standardised method for 
measurement of thermal conductivity and diffusivity [14].  
 
Earlier measurements had been made on wood board materials [15] which is rather 
straight forward as two pieces of flat samples can be put on each side of the thin TPS 
detector disc. In the case of bulk materials such as sawdust and wood pellets it is more 
challenging to set up a proper measurement. A limited number of tests were made in this 
project, where measurements on sawdust and 6 mm pellet were made by filling the 
sample material into a 0.15×0.15×0.15 m metal container in which the TPS sensor was 
centrally located.  The TPS-sensor was of the type C5599 with a diameter of 29.52 mm. 
An effect of 0.1 W and a measurement time of 640 s were used. Tests were made where 
the sensor was located horizontally respective vertically in the metal container to 
investigate any effect of the orientation of the sensor. 
 
The measurements with the pellet bulk made at room temperature gave repeatable results 
for the thermal conductivity and there was no effects seen on the results depending on the 
orientation of the detector. For the thermal diffusivity, however, the results were 
influenced by the orientation of the detector and the calculated value of C was thus less 
accurate (an estimated value 1.35 MJ/m3.K of was instead used in the mathematical 
evaluation). Tests were also made at an elevated temperature (50°C) with pellet bulk but 
here the measurement results had a low repeatability and were not conclusive. This could 
have been an effect of convective air movements in the bulk material, but this has not 
been confirmed. The results from the measurements on bulk materials are given in Table 
3. 

Table 3 Results on thermal properties from TPS-measurements at room temperature 

(20°C) with wood-bulk materials. 

Material Moisture 
content 
(wt.-%) 

λ 
(W/m.K) 

α 
(mm2/s) 

C 
(MJ/m3.K) 

ρ bulk 
(kg/m3) 

c 
(J/g.K) 

Sawdust 16 0.10 0.14 0.73 206 3.6 

Sawdust dry 0.077 0.27 0.29 174 1.7 

Pellets, 
6mm 

8.2 0.17 0.13 -* 603 - 

Crushed 
pellets 

8.8 0.11 0.14 0.76 434 1.8 

* C was fixed to 1.35 MJ/m3.K in the mathematical evaluation.   
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Single tests were set-up with the bulk materials and a repeated number of TPS-
measurements were made in each test to make certain that a representative thermal 
response was achieved for the test set-up. However, as the measurement set-up on bulk 
material was new and not fully investigated some complementary tests and calculations 
were made. Solid disc were made from crushed pellet material to have flat samples for 
optimal measurement with the TPS-method. These discs had a diameter of 32 mm and a 
thickness of 11 mm. The density was 990 kg/m3 for one set of discs and 1015 kg/m3 for 
another set (two discs are needed in a TPS-measurement). Measurements showed that the 
density of the 6 mm pellets was 1123 kg/m3 and the density of the pellet bulk was 603 
kg/m3. The results of the TPS-measurements on the discs were a thermal conductivity of 
~ 0.22 W/m.K and a heat capacity of ~ 1.1 J/g.K. 
 
The idea was to measure the thermal properties of the pressed discs, which were made to 
replicate the original pellet regarding density, and calculate the resulting thermal 
properties (λ and C) of a bulk consisting of ‘pellet material’ and air. 
 
The calculation of heat capacity was made as using the equation below: 
 
ρbulk × cbulk = Ø × ρair × cair + (1-Ø) × ρpellet × cpellet  (1) 
 
, where Ø (porosity) = 1 – (ρbulk/ρpellet)   (2) 
 
Thermal conductivity was also calculated, using an equivalent procedure with the 
equation below. However, for thermal conductivity the heat conduction processes in the 
bulk are not addressed properly using such a calculation and the results should only be 
regarded as indicative. 
 
λ bulk  = Ø × λ air  + (1-Ø) × λ pellet   (3) 
 
Calculations were made for bulk of 6 mm pellets and 8 mm pellets, for which the bulk 
density had been measured in order to be able to calculate Ø. Calculations were also 
made for sawdust in where the density of wood was assumed as 480 kg/m3. The 
properties for air used in the calculations were: ρair = 1.16 kg/m3, cair = 1007 J/g.K, and λair 
= 0.0262 W/m.K. The results of the calculations are given in Table 4. 

Table 4 Results from calculations of thermal properties of pellet bulk. 

Material Moisture content of 
wood material 

(wt.-%) 

ρ bulk 
(kg/m3) 

λ 
(W/m.K) 

c 
(J/g.K) 

Sawdust dry 174 0.06 1.1 

Bulk of 6mm 
pellets 

~ 9 603 0.13 1.1 

Bulk of 8 mm 
pellets 

~ 9 668 0.14 1.1 

 
 
The results on thermal conductivity (λ) of the bulk materials and the pressed ‘pellet discs’ 
are plotted in Figure 2, together with the earlier measurements results on wood boards 
(low density fibre board, LDF, and particle board). The calculated values of the thermal 
conductivities are further included in the plot. Also in the diagram are general equations 
for wood and compressed wood products plotted together with equations for thermal 
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conductivity parallel to the fibre direction and perpendicular to the fibre direction for 
wood [16]. 
 
The results of TPS-measurements on wood boards are conforming almost exactly to the 
general equation from literature for such products, as can be seen from Figure 2. Also the 
measurements on the sawdust and the pellet bulk material are close to the prediction by 
the equation. And the results of these measurements on bulk materials are well within the 
boundaries for the general span for wood (parallel respective perpendicular conduction). 
 
The results from the measurements on the pellet discs, however, are outside of the region 
described for wood material by the equations taken from literature. This makes the results 
of these measurements somewhat questioned and there is no obvious explanation to these 
results. It is unknown if the compressing process that was used to press the pellet discs 
(between 10 and 15 tons pressured was used when compressing) had some specific effect 
on the fibre arrangement in the discs or some other effect that could have influenced the 
thermal conductivity. 
 
The calculated value of the thermal conductivity for a bulk of 6 mm pellets (using 
equation 3) is somewhat lower compared to the TPS-measurement made on the bulk 
(0.14 W/m.K in comparison with 0.17 W/m.K), but both values are in the same range 
which gives a certain reassurance that this is the true range for the thermal conductivity of 
a bulk of 6 mm wood pellets. The measured value of 0.17 W/m.K was used further on in 
this report for calculations of heat transfer in wood pellet bulk. 

 

Figure 2 Diagram of heat conductivity at room temperature as a function of density for 

different type of wood materials. Measured and calculated values are compared 

to literature data [16]. 

As the measured thermal diffusivity of the pellet bulk seemed to be influenced by the 
orientation of the TPS-sensor it was not possible to get a reliable value of heat capacity 
from the measurements, instead the calculated values for the heat capacity of the pellet 
bulk was used further on in this report. 
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2.4 1 m
3
 reference tests 

 
A series of large scale tests with 8 mm wood pellets was conducted at SP in April 
2005. The aim of the test series was to create strictly controlled conditions for self-
heating in a large (1 m3) bulk of wood pellets that would result in spontaneous 
ignition. Detailed instrumentation in the tests gave data of temperature and gas transport 
in the bulk of the pellets during the heating process. The objectives of the experiments 
were to study the processes in the bulk of the pellets and to collect detailed data for later 
use as validation data for mathematical simulation models. 
 
 

2.4.1 Experimental set-up 
 
The test set-up included a cylindrical container for the pellets and equipment to introduce 
heated air to the pellets. The pellet container was placed in an insulated enclosure. The 
test set-up is schematically outlined in Figure 3 and Figure 4. 
 

 

Figure 3 Vertical cross-section of the test set-up (dimensions in mm). 

The cylindrical test container was made in 2 mm steel, had a radius of 1100 mm and a 
total height of 1920 mm. The container was open in the top and had a 160 mm Ø inlet 
centred in the bottom. A circular 200 mm diameter flow distributor plate was positioned 
100 mm up from the inlet. A coarse metal grid was mounted 420 mm up from the 
bottom. A much finer grid was laid on top of the coarser one to hold the pellets. The finer 
grid had a mesh size of 5 mm and was made of 1.25 mm metal wire. The relative opening 
area of the finer grid was 60%. Wood pellets were filled in the container to a height of 
1100 mm above the grid. 
 
A powerful fan was connected to a duct heater (22 kW) and the heated air was 
transported in an insulated 250 mm duct with valves for distributing the heated air to the 
pellet container (valve B, see Figure 4) or alternatively directly into the enclosure (valve 
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A). The fan gave an air flow of 16.3 m3 (20°C)/min in a pre-test where ambient air was 
heated to 80°C. The velocity of the heated air was measured with bi-directional probes in 
the main duct (V1) and in the duct leading to the pellet container (V2). A bi-directional 
probe (V3) was also positioned in the inlet to the pellet container (see Figure 3). 
 
The outer surface of the container was insulated with 50 mm of mineral wool. The walls 
of the enclosure were made of 10 mm non-combustible (Promatect®- H) boards insulated 
at the outside with 95 mm glass wool. The ceiling was constructed as the walls, but had 
additionally a 14 mm particle board between the non-combustible board and the 
insulation. 
 

 

Figure 4  Horizontal cross-section of the test set-up (dimensions in mm). 

There were thermocouples (TC) positioned within the enclosure for measuring the 
ambient temperature seen by the pellet bulk (see Figure 3 and Figure 4). A large number 
of thermocouples were further positioned within the pellet bulk, for a precise mapping of 
the temperature distribution during a test. The positions of the 0.5 mm type-K 
thermocouples placed in the pellet bulk are shown in Figure 5. There was also gas 
samples extracted for analysis of O2, CO and CO2, intermittently from selected positions 
in the pellet bulk (sampling positions B, C and D) and continuously from the void over 
the pellets surface (sampling position A). Sampling position B was located at the same 
position as thermocouple 11, sampling position C at the position of thermocouple 7 and 
sampling position D at the position of thermocouple 22.  
Some photos of the test set-up are shown in Figure 6. 
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  (a)     (b) 

Figure 5 Vertical cross-sections of the pellet container with measurement positions 

showed, (a) x-direction, and (b) z-direction. C.f. Figure 4 for the directions 

(dimensions in mm). 
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(c) (d) 

Figure 6 Photos of the test set-up. (a) Enclosure with the front wall removed and non-

insulated container visible. (b) Enclosure with the front wall removed and 

insulated container visible in the end of a test. (c) Rear view of the test enclosure 

with the insulated duct system. (d) The surface of the pellet bulk with TC-threes 

and sampling lines visible.  

 
 
2.4.2 Experimental procedure 
 
The tests started with a pre-heating period. During this period a hot air flow was heating up the 
pellets to the predefined set-temperature trough inlet B. After that, the heated air flow was 
redirected into the enclosure (valve B closed, valve A opened) and there was no flow through 
the pellet bed. The experiments continued until significant self-heating was observed in the bed, 
or until it was quite clear that the set-temperature selected for the experiment was below 
criticality. The test container was normally closed in the bottom (valve C) after the pre-heating 
period, except in the last experiment (Test 3) where valve C was kept open. 
 
The test container was filled with a fresh load of pellets before a new test was started. In total, 
three experiments were conducted which are identified in Table 5. Detailed notes for each of the 
experiments are given in Appendix 2. 

Table 5 Identification of the individual 1 m
3
 reference tests conducted. 

Experiment Set-temperature (°C) Inflow in bottom of  container  
(valve C) open (yes/no) 

1 80 No 

2 105 No 

3 105 Yes 
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2.4.3 Experimental results 
 
 
2.4.3.1 Measured temperatures 
 
The results from the large-scale reference experiments are summarised below. The results of the 
temperature measurements with the thermocouples (TCs) placed in the pellet bulk are 
summarised in Table 6. The table shows the maximum reading and identification of the TC that 
measured the highest temperature for each experiment until end-of-test (see definitions of end-
of-test in Appendix 2). The table further shows the average temperature of the five TCs in each 
experiment that measured the highest temperatures (top 5 TCs). Time resolved data for the 
complete experiments is shown in Figure 7 - Figure 9, and data for all individual thermocouples 
are given in Appendix 3. 

Table 6 Maximum bulk temperatures measured. 

Test Air 
temperature 
in enclosure 
(ºC) 

Maximum 
temperature  
(ºC) 

TC no. Average of  
the top 5TCs  
(ºC) 

TC no. 

1 80 95.1 49 94.9 49, 9, 17, 
45, 46 

2 105 255 24 222 24, 16, 7, 
45, 50 

3 105 410 31 299 31, 24, 16, 
7, 50 

 
 
Table 7 shows the temperature differences between the measured temperatures at selected 
times in the experiments and the elevated ambient temperature maintained during the 
experiment. The time scale used in the table is the time in the experiment starting from 
the time when the pre-heating period ended. The temperatures data used are the average 
of the five top TCs. 

Table 7 Temperature difference (K) from ambient temperature measured during the 

tests (average of the top 5 TCs). 

Test Air 
temperature 
in enclosure 
(ºC) 

Pre-
heating  
+ 5h 

+ 10h + 20h + 24h + 27h + 30h + 33h 

1 80 -40.8 5.9 12.7 14.0 14.9 - - 

2 105 -7.2 14.9 28.2 33.8 39.1 46.2 57.6 

3 105 -6.8 16.6 32.4 39.4 47.3 60.2 101.9 

 
 
Test 1 was conducted with a pre-heating temperature of 80°C (pellet bulk temperature), and 
after that the enclosure was feed with 80°C air.  After exposing the pellet bulk at this 
temperature for 32 h, the temperature in the centre of the bulk had slowly increased to about 90-
95°C. The experiment was ended shortly after that, as it was foreseen that the time to a possible 
spontaneous ignition would be very long.  
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Test 2 was conducted with a pre-heating temperature of 105°C, and after that the enclosure 
temperature was maintained at 105°C. The temperature in the pellet bulk had increased about 
15 K after 10 h, 28 K after 20 h and 58 K after 33 h. The experiment was ended when the 
temperature in the centre of the pellet bulk was >200°C and rapidly increasing. Spontaneous 
ignition was thus attained in this experiment. 
 
Test 3 was a repetition of the second test, but valve C was open throughout the test in this case 
to allow a convective flow through the pellet bed. The behaviour in the third test was very much 
the same as in Test 2. However, spontaneous ignition was reached a few hours earlier in this 
test. 
 

 
Figure 7 The graph shows the thermocouple (TC) that gave the maximum temperature in 

each test. 
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Figure 8 The graph shows the average temperature of the five maximum temperatures in 

each test. 

 
 

 
Figure 9 The graph shows the temperature difference of the average five maximum 

temperatures and the set temperature in each test. 
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The temperature distribution in the pellet bulk is shown in Figure 10 for two points in time in 
Test 2, as an illustration of the self-heating process taking place in the test. The figures of the 
temperature distribution are snap-shots from an animation based on data from the thermo-
couples in the pellet bulk. The early, distributed, moderate temperature increase from heat 
production from oxidation of the pellets is seen in Figure 10 (a). The onset of spontaneous 
ignition is clearly seen in Figure 10 (b), with a hot core in the centre of the pellet bulk. After the 
experiment, when the test container was opened, a distinct core of black pyrolysed pellets was 
found in the centre of the container. 
 
 

 
 
 (a)     (b) 
 

Figure 10 Snap-shots in time from an animation based on data from the thermocouples in 

the pellet bulk in Test 2. (a) temperature distribution from the time 1503 min – 

25.05 h where limited self-heating can be seen, and (b) temperature distribution 

from 2194 min – 36.6 h when auto ignition had occurred in the material in the 

centre of the bulk. 

 
 
2.4.3.2 Gas production 
 
The measured gas concentrations at the top of the pellet container (Location A – in the 
void above the pellet surface) and within the pellet bulk (Locations B – at TC_11, 
Location C – at TC_8, and Location 3 – at TC_22)  are shown in the graphs below. 
Figure 11 shows the results for O2, Figure 12the results for CO2, and Figure 13 the results 
for CO. 
 
The measurement results show that the gas production was clearly larger in the two 
105°C tests (Test 2 and Test 3) compared to the 80°C test (Test 1).  
 
The gas concentrations in the air above the pellet surface were generally low. It is only in 
the end of Test 3 when self-ignition has occurred that significant concentrations are 
measured above the pellet surface. One should note that the gases produced are diluted to 
some degree above the pellet surface as there was no lid on the pellet container.  
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Within the pellet bulk significant concentrations of CO2 and CO, and reduction in O2, are 
found in both Test 2 and Test 3. These tests show similar gas production pattern with an 
initial increase in gas production which goes down later in the tests before it increases fast 
in connection with the spontaneous ignition that took place in both of these experiments. 
 
The reduction in gas production late in the tests could depend on several factors, of which 
oxygen depletion is one possible explanation or a decreased amount of reactants (i.e. 
oxidable material) left in the material is another. It is not possible to say which is the 
main factor here, but oxygen depletion does not look to be directly linked to the rate of 
CO2 and CO production. In Test 2, which show the highest production rates generally, 
while the oxygen concentrations measured are the lowest. 
 
The lesser concentration levels seen in Test 3 might be due to a certain convective 
dilution flow from the small opening in the bottom of the test cylinder in this test, but this 
is merely a possible explanation.  
 
 

  
(a) (b) 

  
(c) (d) 

Figure 11 Comparison of O2 concentrations. (a) At sampling location A, (b) at location B, 

(c) at location C, and (d) location D, during test 1-3. 
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(a) (b) 

  
(c) (d) 

Figure 12 Comparison of CO2 concentrations. (a) At sampling location A, (b) at location B, 

(c) at location C, and (d) location D, during test 1-3. 

 

  
(a) (b) 

  
(c) (d) 

Figure 13 Comparison of CO concentrations.  (a) At sampling location A, (b) at location B, 

(c) at location C, and (d) location D, during test 1-3. 
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3 Predictions using Frank-Kamenetskii 

theory 
 
In planning the experiments it was necessary to have an estimate of the lower limit of the 
temperature range that would create conditions for spontaneous ignition in the 1 m3 pellet 
bulk. The capacity for uniformly heating the large bulk of material was a limiting factor, 
and the experiments would have been useless if conditions for spontaneous ignition 
would not have been reached. The Frank-Kamenetskii theory [17] was used for an 
estimate of the critical temperature for the 1 m3 pellet bulk. The Frank-Kamenetskii 
method is based on finding a stationary solution of the energy equation for an infinite slab 
geometry of an exothermic material, and is often used as an engineering tool to make 
assessments of the risk for self-ignition. 
 
The Frank-Kamenetskii parameter  is defined by equation [1]: 
 

    [1] 

 
Where ρ is the density, Q is the heat of reaction, A is the pre-exponential factor in an 
Arrhenius expression, λ is the thermal conductivity, EA is the activation energy, L is the 
characteristic length, and T0 is the ambient temperature (set-temperature in the 
experiments discussed in section 2.4). 
 
Critical values of the Frank-Kamenetskii parameter  can be theoretically calculated as 

the limit when no steady state solution to the stationary heat conduction equation is 
available. Values of  for different geometries are compiled in e.g. Beever [17]. The 

interpretation is that if >  then self-ignition occurs. 

 
The material parameters Q×A and EA were determined from the crossing point 
experiments (see Table 2) and it is thus possible to predict the critical size for any full-
scale configuration using the Frank-Kamenetskii theory, or to calculate the Frank-
Kamenetskii parameter for any specific configuration and compare with the critical 
parameter to get an assessment of the criticality of such a configuration. 
 
The Frank-Kamenetskii parameter  was calculated for a characteristic length of 0.55 m, 
which was the radius of the cylindrical test container, used for the 1 m3 reference 
experiments (see Section 2.4.1). The critical Frank-Kamenetskii parameter , for a 

“short cylinder” of the same dimension as the test container, is 2.84, as given by Beever 
[17]. Correction for a limited Biot numberi (Bi) of an un-insulated cylinder with the 
dimensions of the test container (Bi = 16), gives a of 2.5. Figure 14 shows that the 

critical temperature ( > ) for that geometrical object is 85°C.  
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Figure 14 The Frank-Kamenetskii parameter (δ) as a function of ambient temperature for 

a characteristic length of 0.55 m. The Biot number is a dimension less number 

describing the ratio of convective heat losses and thermal conduction. 

Insulation of the outer surfaces of the cylinder would necessary result in a decreased 
critical temperature. An approximate calculations of the Biot number for a cylinder 
insulated with 5 cm mineral wool gave a Bi of 2.6, which gives a corrected of 1.5. As 

can be seen from Figure 14, the critical temperature for the insulated cylinder would be 
78°C. 
 
These approximate calculations showed that the planned experiments with the 1 m3 pellet 
bulk would need heating to, at least, a temperature around 80°C, in order to create 
conditions for spontaneous ignition. 
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4 Discussion and conclusions 
 
The increased use of solid biofuels in Sweden, and specifically the recent increase in 
production of wood pellets, has resulted in a number of fire incidents caused by 
spontaneous ignition in large storages.  Further, transportation of wood pellets by bulk 
ships has resulted in an incident with injuries and one death from the production of toxic 
gases. 
 
Thus there is a great need for information on storage characteristics of wood pellets, 
specifically on heat producing processes which can lead to spontaneous ignition and the 
emissions of gases during the oxidation of the fuel. 
 
The experimental work presented in this report has increased the knowledge of the 
processes associated with spontaneous ignition in wood pellets.  It has been showed that: 
 

• Basket heating tests using the “crossing-point method” gives plausible data on 
lumped reaction kinetics for exothermic chemical reactions leading to 
spontaneous ignition in wood pellets. 

• Frank-Kamenetskii theory can be used as an engineer tool for making an 
assessment of the critical temperature for spontaneous ignition for a simple 
storage geometry with known boundary conditions. 

• Spontaneous ignition can occur within ~35 hours in 1 m3 wood pellets subjected 
to an ambient temperature of 115°C. 

 
The series of large scale reference tests was considered as successful, as spontaneous 
ignition was established, in a controlled manner, in a volume as large as 1 m3.  The results 
of the tests are intended to have a role in increasing the knowledge of self-heating and 
spontaneous ignition in bulk storage of wood pellets and as well determined validation 
experiments for mathematical simulations of self-heating. 
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Appendix 1 Data from basket heating tests 
 
 

Sawdust 
 

Table 8 Information on basket-heating tests with sawdust. 

Test ID Oven 

temp. 

(°°°°C) 

Amount 

of 

material 

(g) 

Time for 

inserting 

basket in 

oven 

(min:sek) 

Door to 

cabinet 

closed 

(min:sek) 

Oven 

back at 

set temp. 

(min:sek) 

Notes 

1_170 170 ~ 230 5:00 5:20 13:20 Crossing point 
reached. Test ended at 
5h 22min. No thermal 
runaway observed. 

2_175 175 201.5 3:00 3:09 N.A. Crossing point 
reached. Test ended at 
4h 5min. No thermal 
runaway observed. 

1_180A 180 ~ 230 5:00 5:17 14:40 Crossing point 
reached. Test ended at 
6h 7min. Thermal 
runaway. 

1_180B 180 ~ 230 5:00 5:17 (14-17) Crossing point 
reached. Test ended at 
5h 6min. No thermal 
runaway observed. 

2_180A 180 197.0 3:00 3:08 11:18 Crossing point 
reached. Test ended at 
4h 43min. No thermal 
runaway observed. 

2_180B 180 202.6 3:05 3:13 N.A. Crossing point 
reached. Test ended at 
5h 2min. No thermal 
runaway observed. 

2_180C 180 201.5 3:00 3:09 N.A. Crossing point 
reached. Test ended at 
4h 46min. No thermal 
runaway observed. 

2_185 185 200.1 3:00 3:10 N.A. Crossing point 
reached. Test ended at 
3h 19min. No thermal 
runaway observed. 

1_190 190 ~ 230 5:00 5:18 15:25 Crossing point 
reached. Test ended at 
3h 31min. Thermal 
runaway. 

N.A. = No information available. 
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Figure 15 Plot of the temperature-time derivate (dT/dt) versus the crossing point 

temperature (Tcp) for evaluation using center temperature (no_1) and the 

temperature 10 mm from the centre (no_2). 

 
 

 

Figure 16 Plot of the temperature-time derivate (dT/dt) versus the crossing point 

temperature (Tcp) for evaluation using center temperature (no_1) and the 

temperature 20 mm from the centre (no_3). 
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Wood pellets, 6mm 
 

Table 9 Information on basket-heating tests with 6 mm wood pellets. 

Test ID Oven 

temp. 

(°°°°C) 

Amount 

of 

material 

(g) 

Time for 

inserting 

basket in 

oven 

(min:sek) 

Door to 

cabinet 

closed 

(min:sek) 

Notes 

6mm_170 170 627 3:00 3:09 Crossing point reached. 
Test ended at 6h 52min. 
No thermal runaway 
observed. 

6mm_175 175 631 3:00 3:09 Crossing point reached. 
Test ended at 5h 10min. 
No thermal runaway 
observed. 

6mm_180A 180 583 3:00 3:10 Crossing point reached. 
Test ended at 5h 6min. 
Thermal runaway. 

6mm_180B 180 633 3:00 3:09 Crossing point reached. 
Test ended at 4h 5min.  
No thermal runaway 
observed. 

6mm_185 185 627 3:00 3:09 Crossing point reached. 
Test ended at 3h 42min. 
No thermal runaway 
observed. 

6mm_190 190 616 3:00 3:11 Crossing point reached. 
Test ended at 3h 33min. 
Close to thermal runaway. 

6mm_200 200 635 3:00 3:12 Crossing point reached. 
Test ended at 3h 7min. 
Close to thermal runaway. 
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Figure 17 Plot of the temperature-time derivate (dT/dt) versus the crossing point 

temperature (Tcp) for evaluation using center temperature (no_1) and the 

temperature 10 mm from the centre (no_2). 

 
 

 

Figure 18 Plot of the temperature-time derivate (dT/dt) versus the crossing point 

temperature (Tcp) for evaluation using center temperature (no_1) and the 

temperature 20 mm from the centre (no_3). 
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Wood pellets, 8mm 
 

Table 10 Information on basket-heating tests with 8 mm wood pellets. 

Test ID Oven 

temp. 

(°°°°C) 

Amount 

of 

material 

(g) 

Time for 

inserting 

basket in 

oven 

(min:sek) 

Door to 

cabinet 

closed 

(min:sek) 

Notes 

8mm_170 170 619 3:00 3:10 Crossing point reached. 
Test ended at 3h 54min.  
No thermal runaway 
observed. 

8mm_175 175 638 3:00 3:09 Crossing point reached. 
Test ended at 3h 48min.  
No thermal runaway 
observed. 

8mm_180A 180 605 3:00 3:08 Crossing point reached. 
Test ended at 3h 37min.  
No thermal runaway 
observed. 

8mm_180B 180 636 3:00 3:09 Crossing point reached. 
Test ended at 3h 40min.  
No thermal runaway 
observed. 

8mm_185 185 631 3:00 3:10 Crossing point reached. 
Test ended at 3h 29min.  
No thermal runaway 
observed. 

8mm_190 190 631 3:00 3:09 Crossing point reached. 
Test ended at 3h 28min. 
Thermal runaway. 

8mm_200 200 627 3:00 3:09 Crossing point reached. 
Test ended at 2h 53min. 
Thermal runaway. 
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Figure 19 Plot of the temperature-time derivate (dT/dt) versus the crossing point 

temperature (Tcp) for evaluation using center temperature (no_1) and the 

temperature 10 mm from the centre (no_2). 

 
 

 
 

Figure 20 Plot of the temperature-time derivate (dT/dt) versus the crossing point 

temperature (Tcp) for evaluation using center temperature (no_1) and the 

temperature 20 mm from the centre (no_3). 
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Appendix 2 Notes from reference tests 
 
 

Test 1: 
 

Time (h:min:s) Event 

0:00:00  Start of data acquisition 
0:01:00  
  

Start of heated air flow to enclosure (valve-A open) 
V1 = 6.1 m/s, T_54 = 80°C 

2:01:00  
  

Part of air flow directed trough pellets container (valve B 
opened) 
V1 = 5.7 m/s, T_54 = 90°C 
V2 = 9.4 m/s, (T_1 = 85°C) 

12:45:00 . Air flow to pellets reduced (valve B) 
V1 = 5.7 m/s, T_54 = 90°C 
V2 = 2.7 m/s, (T_1 = 86°C) 

13:05:00  Air flow to pellets closed (valve B closed). Valve C is opened 
V1 = 5.7 m/s, T_54 = 93°C 

From 27:15:00 we started to test ways to increase the temperature (end-of-test) 

27:15:00 Part of air flow through pellets (valve B opened, C closed). 

The enclosure is opened and the test container is insulated 

with 50 mm mineral wool. 

V1 = 5.7 m/s, T_54 = 95°C 

V2 = 8.8 m/s, (T_1 = 90°C) 

27:23:00  Air flow to pellets closed (valve B closed).  

Valve C is opened again 

V1 = 5.8 m/s, T_54 = 93°C 

29:15:00 Reducing the flow through the heater to increase the 

temperature. 

V1 = 5.0 m/s, T_54 = 98°C 

30:14:00 Reducing the flow through the heater to increase the 

temperature 

V1 = 5.0 m/s, T_54 = 106°C 

30:52:30 Part of air flow through pellets (valve B opened, C closed) 

V1 = 4.6 m/s, T_54 = 114°C 

V2 = 7.8 m/s, (T_1 = 110°C) 

33:26:00 Air flow to pellets closed (valve B closed). Valve C is opened 

V1 = 4.5 m/s, T_54 = 117°C 

36:54:00 Valve C is closed 

V1 = 4.5 m/s, T_54 = 116°C 

38:56:20 The heater is turned off and the experiment is ended 

 

Notes from Test 1:  

• The test container was not insulated in the first part of this test. 
• The gas sampling position above the pellet surface was located in line with the rim of 

the test container. 
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Test 2: 
 

Time (h:min:s) Event 

0:00:00  Start of data acquisition 

0:05:00  
  

Start of heated air flow to pellets (valve B open, valve A 
closed) 

V1 = 4.9 m/s, T_54 = 100°C 
V2 = 12.3 m/s, (T_1 = 95°C) 

4:48:00  TC_11 passes 80°C 

4:50:00  Air flow to pellets reduced to increase temperature (valve B) 
V1 = 4.3 m/s, T_54 = 119°C 
V2 = 10.4 m/s, (T_1 = 113°C) 

6:40:00  TC_11 passes 105°C 

6:41:00  Air flow to pellets closed (valve B closed, valve A opened) 
V1 = 4.1 m/s, T_54 = 121°C 

36:34:00  Fan heater turned off  (end-of-test) 

36:36:40  Doors to enclosure opened 

36:38:00  Sprinkler above pellets turned on  

 
Notes from Test 2:  

• The test container was insulated from the beginning in this test. 
• Valve C was closed throughout the test. 
• The gas sampling position above the pellet surface was located 200 mm below the 

rim of the test container. 
• The extinguishment using water sprinklers was found to be an unsuitable method for 

wood pellet fires. The hot wood pellets adsorbed water and swelled considerably 
which resulted in a solid “fibre board resembling” bulk.  
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Test 3: 
 

Time (h:min:s) Event 

0:00:00  Start of data acquisition 

0:01:00 Start of heated air flow to pellets (valve B open, valve A 
closed) 

5:19:00  TC_11 passes 80°C 

5:52:00  V1 = 3.6 m/s, T_54 = 121°C 
V2 = 8.3 m/s 

7:24:00  TC_11 passes 105°C 

7:24:30  Air flow to pellets closed (valve B closed, valve A opened) 
Valve C opened 

33:44:00  Fan heater turned off  (end-of-test) 

33:51:00  Doors to enclosure opened 

33:52:00 Injection of CO2 into the pellet container 

34:04:00  Fan turned off 

34:05:00  Doors to enclosure closed 

34:17:00 Injection of CO2 ended and doors to enclosure opened 

 
 
Notes from Test 3:  

• Repetition of Test 2 but valve C was open after the pre-heating period. 
• This test was extinguished with gaseous CO2 which was injected into the pellet 

container.
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Appendix 3 Temperature data from reference tests 
 
 
 
Test 1: 
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Figure 21 Detailed temperature graphs from Test 1.  
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Test 2: 
 

 

 

  

 

 

  



42 
 
 
 
 

 

 

  

 

 

  



43 
 
 
 
 

 

 

  

Figure 22 Detailed temperature graphs from Test 2.  
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Test 3: 
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Figure 23 Detailed temperature graphs from Test 3.  
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Appendix 4 Gas concentration data from 

reference tests 
 
 
 

 
Figure 24 O2 concentration measured during Test 1 - first phase. 

Normal sampling location in point 1(surface of bulk), at intervals switched to point 2 
(center of bulk) - point 3 (upwards from center) and point 4 (side of center).  
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Figure 25 O2 concentration measured during Test 1 - second phase. 

Normal sampling location in point 1(surface of bulk), at intervals switched to point 2 
(center of bulk) - point 3 (upwards from center) and point 4 (side of center).  

 

 
Figure 26 CO2 concentration measured during Test 1 – first phase. 

Normal sampling location in point 1(surface of bulk), at intervals switched to point 2 
(center of bulk) - point 3 (upwards from center) and point 4 (side of center). 
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Figure 27 CO2 concentration measured during Test 1 – second phase. 

Normal sampling location in point 1(surface of bulk), at intervals switched to point 2 
(center of bulk) - point 3 (upwards from center) and point 4 (side of center). 

 

 
Figure 28 CO concentration measured during Test 1 – first phase. 

Normal sampling location in point 1(surface of bulk), at intervals switched to point 2 
(center of bulk) - point 3 (upwards from center) and point 4 (side of center). 
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Figure 29 CO concentration measured during Test 1 – second phase. 

Normal sampling location in point 1(surface of bulk), at intervals switched to point 2 
(center of bulk) - point 3 (upwards from center) and point 4 (side of center). 

 

 
Figure 30 O2 concentration measured during Test 2.  

Normal sampling location in point 1(surface of bulk), at intervals switched to point 2 
(center of bulk) - point 3 (upwards from center) and point 4 (side of center). 
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Figure 31 CO2 concentration measured during Test 2.  

Normal sampling location in point 1(surface of bulk), at intervals switched to point 2 
(center of bulk) - point 3 (upwards from center) and point 4 (side of center). 

 
Figure 32 CO concentration measured during Test 2.  

Normal sampling location in point 1(surface of bulk), at intervals switched to point 2 
(center of bulk) - point 3 (upwards from center) and point 4 (side of center). 
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Figure 33 O2 concentration measured during Test 3.  

Normal sampling location in point 1(surface of bulk), at intervals switched to point 2 
(center of bulk) - point 3 (upwards from center) and point 4 (side of center). 

 
Figure 34 CO2 concentration measured during Test 3.  

Normal sampling location in point 1(surface of bulk), at intervals switched to point 2 
(center of bulk) - point 3 (upwards from center) and point 4 (side of center). 
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Figure 35 CO concentration measured during Test 3.  

Normal sampling location in point 1(surface of bulk), at intervals switched to point 2 
(center of bulk) - point 3 (upwards from center) and point 4 (side of center). 

 


