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1 INTRODUCTION

1.1 Subject

The Technic One SA company has developed an oven for phytosanitary treatment applied to wood
chips with the goal of destroying any organism which could grow in it and then infest forests after
having been transported to a region where this organism is initially absent. The treatment is intended
to respond to the requirements of standards and health authorities who regulate the international
trade of wood based products. In this context, the heat treatment developed must allow wood chips
to be maintained at a core temperature of at least 56°C for at least 30 minutes.

Technic One SA has called upon a scientific team in order to validate the treatment through
experiments and to formulate recommendations for upgrading its process to the industrial scale.

1.2 Technic One SA

Technic One has its headquarters at: Z.I. Les Plenesses, 76 at B-4890 Thimister – Belgium.  The
company, identified by its company number 0424.130.718 is represented by Léon Crosset, Chief
Executive. Two members of personnel participated actively in the tests, i.e. Messrs. Damien Collard
(Project manager) and Nicolas Crosset (design engineer).

Technic One is a company specialised in the design, development, manufacturing and installation of
smart, custom industrial equipment. For more than 30 years, the company has thus developed
innovative solutions (development of innovative machines, special equipment, production lines, etc.)
in activity sectors as diverse as the textile industry, mining, steel making or the manufacture of civil
engineering machinery. An overview of the extent of the developments of Technic One is presented
on their webpage http://www.technic- one.com/index.php/fr/produits.  More recently, Technic One
developed and patented a totally innovative drying technology which allows a large range of forest
and agricultural products to be treated and exploited: Dryer One (http://www.dryer-
one.com/index.php/fr/). It is by adapting this technology that Technic One wishes to produce
equipment and a process which will allow wood chips to be treated industrially.
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1.3 Scientific team

The team was composed of:

 Benoit Jourez, Qualified Officer and Professor, Service public de  Wallonie (SPW) [Wallonia
Public Service] – Belgium
Direction Générale Opérationnelle "Agriculture, Ressources naturelles et Environnement"
(DGO3) [General Operational Directorate for Agriculture, Natural Ressources and the
Environment]
Département de l'Etude du Milieu naturel et agricole (DEMNA) Laboratoire de Technologie
du Bois (LTB) [Department for the Study of the natural and agricultural Environment - Wood
Technology Laboratory]

 Jacques Hébert, Professor at the University of Liège, Gembloux Agro-Bio Tech – Belgium

The team benefited from the scientific assistance of Mr. Jean-Marc Henin (LTB) and the technical
support of Messrs Antoine Porsont, Paul-Henri Naumann and Lahcen Hadiy  (ULg).

The team has experience concerning the phytosanitary treatment of wood. Recently, this consortium
has performed research on the phytosanitary treatment of wood packaging using microwaves. With
several publications in international scientific journals (Henin et al. 2008, 2012 and 2014), this
research has allowed the conditions which guarantee that international standards for phytosanitary
treatment to be clearly guaranteed (see point 2.1).

The LTB has also performed research dedicated to the phytosanitary treatment of wood by anoxia
(de Streel et al., 2016).

In addition, apart from the scientific expertise of the two institutional partners and their
complementarity, the LTB has a breeding facility of wood-boring insects (see § 3.4) which supplied
the biological material necessary for the validation of the treatment. This insect breeding facility in
Gembloux is unique in Belgium.

Finally, it is noted that the subject considered (the phytosanitary treatment of wood chips) is a
subject of interest for the European and Mediterranean Plant Protection Organisation (EPPO; see §
2.1) also attested to by the EPPO report (2015) to which Mr Jean-Marc Henin contributed.

1.4 Calendar

Contact between Technic One and the scientific team took place in February 2016 in order to define
the experiments meant to validate the treatment.  Subsequently, the company finished the
modification of its prototype in order to meet the requirements of the standards and international
phytosanitary authorities. The experiments were performed in June and July 2016. They were
preceded by preparatory work (laboratory testing, preparation of the insect larvae) and followed by
the analysis of the results and the writing of the report.



Page 10

2 CONTEXTUAL ELEMENTS

2.1 Regulatory aspects

The wood coming from dead or living trees can be infested with harmful organisms such as insects,
fungi or parasitic worms. When infected wood is exported (in diverse forms: logs, sawdust, chips,
packaging material, dunnage, etc.) to a region where the organisms housed within it are naturally
absent, the latter can sometimes establish permanent populations there and in certain cases lead to
damaging biological invasions. According to the European and Mediterranean Plant Protection
Organisation1, chips constitute a product to which is associated, depending upon their
characteristics, a medium to high risk of biological invasion (EPPO, 2015). These invasions, whose
rhythm continually increases because of the increase of human transport and commercial activities,
can have disastrous ecological, economic and social consequences.

In order to reduce the risk of biological invasions related to wood transport and trade,
internationally accepted phytosanitary measures described in various documents such as European
directives or international standards (Directive 2000/29/CE, ISPM152 – FAO, etc.) must be
implemented.

Amongst the phytosanitary measures, the effectiveness of heat treatment (HT) described in ISPM15,
is recognised by all the National Plant Protection Organisations adhering to the International Plant
Protection Convention (which currently groups together 182 countries). The heat treatment defined
in ISPM15 consists in heating the material so as to guarantee that a minimum temperature of 56°C
has been attained in the core of the wood for at least 30 minutes. While originally intended for wood
packaging material (pallets, crates, dunnage, etc.), the heat treatment defined in ISPM15 could be
considered for wood in other forms (logs, chips, etc.).

More specifically, concerning chips and despite some uncertainties concerning the phytosanitary
treatment required for eliminating the complete spectrum of harmful organisms which they could
potentially transport (insects, fungi, pathogens, bacteria, viruses, parasitic worms, etc.), heat
treatment is a method specifically proposed by the EPPO for the treatment of chips (EPPO,  2015).

2.2 General principles of the treatment process

Since 2013, Technic One has developed and patented an innovative process allowing a large range
of forest and agricultural products to be dried.  The material to dry is spread over a rotating tray
crossed by a hot air flux. After a complete rotation, the partially dried material is transferred to a
second rotating tray, where it performs an additional rotation, which finalises the continuous flow
drying process.

1 EPPO (European and Mediterranean Plant Protection Organization). https://www.eppo.int/
2 ISPM=International Standard of Phytosanitary Measures.
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Figure 1 : General operating principle of the dryer.

At this time, Technic One has installed two dryers of this type in Belgium. Since then, the company has
turned towards the heat treatment of wood chips for eliminating harmful organisms.  It has received a
concrete request from a customer in Savannah (Georgia, USA) who wishes to treat wood chips in order
to meet the requirements of the phytosanitary standards in force for export.

The drying process developed by Technic One has been modified so as to bring the treated wood
chips up to a temperature higher than 56°C at core for at least 30 minutes.  By doing this, the process
is supposed to guarantee the complete destruction of harmful organisms and the export of the chips
could be considered, in compliance with International Standards of Phytosanitary Measures.

It must be experimentally verified however, that obtaining a core temperature of 56°C does not pose
a technical problem, whatever the physical characteristics of the chips (temperature and moisture
content) which could be encountered in an industrial context. The effectiveness of the treatment
must also be checked by a specific experiment using living organisms (insect larvae).

3 DETAILED DESCRIPTION OF THE MODIFIED DRYER

3.1 Treatment process

At the start, the wood chips are laid from a feeder hopper, in a uniform 10 cm thick layer, on a first
rotating tray, crossed by a hot air flow whose initial temperature is close to 95°C.

At the end of the rotation on the first disc, i.e. after 10 minutes of exposure to the hot air flow, the
wood chips have a core temperature of at least 60°C.  When this condition is fulfilled, the chips are
transferred to a lower tray rotating three times slower. The chips are laid there in a uniform 30 cm thick
layer. The partially cooled hot air flow crosses the lower tray and maintains the wood temperature at
60-65°C during these 30 minutes.

Maintaining at a temperature higher than 56°C during at least 30 minutes allows the naturally high
variability of the treated material (in terms of wood density and humidity), to be taken account of
and to guarantee the complete elimination of harmful organisms.
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Figure 2 : Operating principle of the modified dryer, with in blue, the air flow, in orange, the transfer of the
chips and in red, the chips laid on the rotating discs during their treatment.

In order to optimise the rise and the keeping of the temperature of the raw material, the cooled and
humid air is reheated before being re-injected into the oven. In fact, by circulating the air in a closed
system, the evaporation of water present in the product to treat is limited.
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3.2 Description of the modified dryer

The tests were performed with the prototype of the modified dryer in the workshop of the Technic
One company.

Figure 3 : Overall view of the dryer modified for the treatment of wood chips.

The treatment capacity of the prototype is calculated as follows:

 The useful surface area of a disc is 5.1m². With a 30 cm thick layer of treated wood during 30
minutes, the flow rate is 3.06 m³/h.

 Given that the bulk density of the green wood chips is 385 kg/m³ and supposing an initial
moisture content of the wood to be 100% (50% if moisture content is expressed with respect
to the total mass), the rate of product treated is 1.1 t/h.

The treatment is monitored as follows:

 If the product temperature at the output of the 1st disc (sensor TT60) does not reach at least
60°C, this disc is stopped until the desired temperature is reached.

 If one of the temperature sensors of the 2nd disc (sensors TT70, TT80, TT90) records
temperatures less that 60°C, the 2 discs are stopped until all the sensors reach the desired
temperature.

 The minimum treatment set-point of the 2nd disc is 30 minutes and this can only be stopped
in order to extend the treatment time. The treatment can never be shorter than 30 minutes.

In this document, the moisture content (mc) is expressed with reference to the anhydrous mass, as
follows: mc = (humid mass – anhydrous mass) / anhydrous mass, to be multiplied by 100 to express
it in %.

The moisture content with respect to the humid mass (X) is also used in industrial practice. The
translation from one to the other is obtained by the relation X = mc/(mc+1).

E.g.: if mc = 135%, than X = 1.35/(1.35+1) = 0.57 = 57%.
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Different infra-red thermometer sensors CT-SF22-C3 of the Micro-Epsilon brand (see sheet in
appendix) were distributed in the prototype in order to monitor the product temperature.

 1 cell at the end of rotation of the 1st disc: Sensor TT60.
 1 cell at the start of rotation of the 2nd disc: Sensor TT70.
 1 cell at the middle of rotation of the 2nd disc: Sensor TT80.
 1 cell at the end of rotation of the 2nd disc: Sensor TT90.

In order to monitor the temperature and humidity of the air, the sensors HC2-IM of the Rotronic
brand were placed as follows:

 1 Sensor at the input to the burner: Sensor TT40.
 3 sensors distributed at 120° on a plane between the 2 discs: Sensors TT10, TT20 and TT30.
 1 Sensor at the output of the oven, in the chimney. Sensor TT50.

The air speed in the chimney was measured using a hot wire sensor of type HD2903TC3.5 of the
Delta Ohm brand:

 1 Transmitter at the output of the oven, in the chimney.

In order to check the homogeneity of the temperature of the treated product, a VarioCAM infra-red
camera was placed above the conveyor belt, at the output of the oven:

 1 thermal camera at the product output.

The measurements are recorded by the different probes continuously during each experiment.

3.3 Raw material

The raw material used during the tests was composed of wood in the form of chips having the following
characteristics (4 conditionings):

 Type of wood: resinous whose density was determined a posteriori
 Dimensions: variable, about 60 x 25 x 6 mm³
 Moisture content at input: two moisture contents, close to 100% (green wood) and 35% (dry

wood3, i.e. wood which had lost almost all its free water without drying below the fibre
saturation point - FSP)

 Input temperature: choice of two temperatures, close to 20°C (ambient temperature) and
5°C (after cooling treatment), to encounter the normal amplitude of annual variations during
the implementation of the procedure under operational conditions.

3 According to international standards (e.g. EN 844-4), wood whose moisture content exceeds ≈30% is labelled
“green”. However, to make the reading of the present document easier, wood (test specimens and chips) having a mc
close to the Fibre Saturation Point is here labelled “dry”.
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3.4 Test specimens with living larvae

The test specimens (wood inoculated with insect larvae) were inserted into the oven through a small
trap door at the entrance to the discs, onto the first disc at the same time as the raw material. These
test specimens had the following characteristics:

 Wood: Scots pine sapwood;
 Dimensions: parallelepipeds of 15 x 25 x 50 mm³;
 Organism inserted: Hylotrupes bajulus larvae;
 Moisture content at input: close to that of the chips;
 Temperature at input: close to that of the chips;

These test specimens were coloured and numbered beforehand in order to easily identify them in
the bulk of the chips at the output from the oven. A housing of diameter and depth adapted to the
dimensions of the larvae was made on a side face using a drill.

The test specimens were introduced individually amongst the chips at 1 minute intervals during the
test cycle, with 22 test specimens per cycle in order to monitor the time of passage in the oven and
the homogeneity of the treatment conditions.  The larvae introduced into the test specimens
belonged to 4 mass categories (1-50 mg; 51-100 mg; 101-150 mg; 151 mg and above). The larvae
were extracted from the test specimens in the laboratory the following day in order to check on their
state (living, dead or dying).

H. bajulus is a reference species in Europe for the evaluation of the effectiveness of wood
phytosanitary treatments (e.g. EN  14128).

In addition, it is important to note that the test specimens containing the larvae were larger than the
treated chips. It was more difficult therefore to heat specimens’ core up to 60°C. If the larvae
introduced were all destroyed by the treatment, a fortiori, all those which would have been present
in the chips would necessarily be destroyed.

4 EXPERIMENTS

4.1 Blank tests

Blank tests were performed initially with insect free test specimens in order to completely master the
operation of the prototype, to check the possibility of finding all the test specimens in the flow of
chips at the output, to check the proper operation of the measurement setup and the consistency of
the different parameters (humidity and temperature at input and output of the chips, of the air, etc.).

Once the blank tests were finished and conclusive, the actual experiments were performed.
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4.2 Experimental tests

Each test was conducted according to the same protocol:

At the start, the oven contained a 10 cm thick layer of chips on the upper disc and a 30 cm thick layer
on the lower disc. The role of these chips was to create a situation close to an industrial treatment
supposedly operating continuously while the experiment operated in a batch mode.

The larvae came from the H. bajulus breeding facility run by the DEMNA. In the days preceding the
tests, the larvae lodged in the wood samples placed in an air conditioned chamber were gathered
and sorted according to their mass and their vitality was checked; they were then placed individually
into small containers.

With regard to the green wood tests, the test specimens were moistened beforehand. An immersion
for 40 minutes in distilled water brought the moisture content of the test specimens to about 30 to
50%. An impregnation under vacuum of 15 minutes allowed the moisture content to be brought to
about 100 to 120%. On the day of the test, the test specimens were selected according to the desired
moisture content (immersion or impregnation) and weighed to check the moisture content. The
previously weighed larvae were introduced into the calibrated housings. The housings were plugged
with cotton held in by staples. The test specimens were numbered and coloured.

The big bags containing the dry or green chips necessary for a test were brought up close to the
prototype. Samples of chips were taken to determine their initial moisture content. In parallel, the
temperature of the chips in the core of the big bags was measured using an infra-red probe.

The prototype was then started up. The continuous recording of the operating parameters was
started while the fan and the heater were powered up. The rise in temperature of the air was
monitored up until the required value. The mobile parts were started up and the chips fed in from
the feeder hopper.

The chips intended for the experiment were introduced continuously for about 1h30. This period
included the following successive stages:

 Progressive emptying of the upper disc with the test chips from the previous test and filling
with the selected chips: 10-15 min

 Continuous filling of chips by pouring from big bags into the feeder hopper and introduction
of the test specimens at the input of the upper disc, downstream of the feeder screw, with
one test specimens per minute: 22 min

 Continuous feeding of chips by pouring from big bags into the feeder hopper until the exit of
the last test specimen: 55-60 min

At the output of the oven, a conveyor belt poured the treated chips into big bags. The test specimens
containing larvae were collected on the conveyor belt along with the flow of chips, before falling into
the big bag.
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During each test and at least 40 minutes after starting the mechanical parts of the prototype (in
order to guarantee the elimination of the chips present in the oven during start-up), infra-red photos
of the raw material were taken at the output from the oven.

At the end of each test, when the prototype was stopped, the parameters were continuously
recorded and the doors were opened to favour the cooling of the installation.

A check of the test specimens was then made and they were weighed before placing them in a vial
for later opening in the laboratory in order to examine the status of the larvae.

Finally, a sample of chips was taken from the core of the big bags and weighed in order to determine
their residual moisture content after treatment.

4.3 Repetitions

The initial experimental plan called for three repetitions for each combination of moisture content
and temperature factors of the chips. The objective was to frame the real operating conditions of the
oven. Thus, green or dry chips were treated under summer (20-25°C) and winter (5-10°C) conditions.
For the latter, a refrigerated truck was used in order to cool the green chips over two days to bring
them to a temperature between 0 and 5°C. The volume of chips thus prepared allowed two tests to
be performed. If the physical parameters indicated that the oven could easily bring cooled green
chips to the desired temperature meeting the same timing, then tests on cooled and dry chips would
be superfluous.  In fact the energy needs are higher for cooled, green chips. This point will be
discussed later (see 5.4).

4.4 Inspection

For each test, control larvae coming from the same batch were kept under the temperature and
moisture content conditions of the chips without passing through the oven.  Their state was
inspected at the same time as that of the larvae having undergone the heat treatment.

5 RESULTS

5.1 General presentation

The results discussed here do not concern the blank tests whose purpose was to adjust the
experiments and to master the operation of the prototype. These tests lasted 3 days.

A laboratory test was performed to measure the heat transfer inside a test specimen (wooded block,
15 x 25 x 50  mm³), under controlled conditions.
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The actual experiments, performed over 5 days, included 8 complete tests, succinctly discussed
below in their chronological order.

Test 1: Green chips and ambient temperature (repetition 1, 01/07/2016)

Test 2: Dry chips and ambient temperature (repetition 1, 11/07/2016)

Test 3: Green chips and ambient temperature (repetition 2, 11/07/2016)

Test 4: Dry chips and ambient temperature (repetition 2, 12/07/2016)

Test 5: Dry chips and ambient temperature (repetition 3, 12/07/2016)

Test 6: Green chips and ambient temperature (repetition 3, 13/07/2016)

Test 7: Green chips and cold temperature (repetition 1, 18/07/2016)

Test 8: Green chips and cold temperature (repetition 2, 18/07/2016)

The initial number of tests fixed at 12 was brought to 8 for reasons explained further.

5.2 Rise of the temperature in the test specimens

A laboratory test was performed to measure the time required for a test specimen introduced into a
chamber, rapidly heated to 95°C, to reach a core temperature of 56°C. The objective was to ensure
that the 10 minutes planned in the industrial process would be sufficient. It should be recalled that
the thickness of the test specimens (15 mm) was much greater than that of the chips (5 mm). If the
test was satisfactory for the test specimens, a fortiori, the objective would be achieved for the chips.

An insulated chamber was heated by high power infra-red lamps lighted at the moment when the
test specimen was introduced. A probe measured the air temperature inside the chamber while a
pt100 probe was introduced into the core of the test specimen.

The experiment was conducted with dry test specimens (8 to 11%) and other green ones (94 to
130%), prepared at 22°C. The time required to reach 60°C at core (value targeted by the industrial
partner to guarantee that the threshold of 56°C was exceeded) varied from 3’56” to 6’40” for the dry
test specimens and from 8’25” to 8’42” for the green test specimens.

During the tests with the industrial prototype, the test specimens would be introduced directly into a
turbulent air flow at 95°C during 10 minutes. Their internal heating would be even faster than during
the preliminary experiment (in the framework of which there was no air turbulence and where the
heating of the wood and the air was simultaneous, induced by the heating by the lamps). In
conclusion, the internal temperature of 60°C will likely be largely exceeded in the test specimens and
therefore in the chips, three times thinner.



Page 19

5.3 Analysis of the treatment tests for chips at ambient
temperature

The initial temperature of the chips varied from 17 to 23°C during the different tests.

Moisture content of the test specimens

Repetition (test) Before treatment After treatment
1 (1) 145% 110%

Green test specimens 2 (3) 125% 111%
3 (6) 131% 79%

Average 134% 100%
1 (2) 47% 20%

Dry test specimens 2 (4) 38% 15%
3 (5) 37% 13%

Average 41% 16%

Moisture content of the chips

Repetition (test) Before treatment After treatment
1 (1) 96% 62%

Green chips 2 (3) 123% 27%
3 (6) 119% 42%

Average 112% 44%
1 (2) 49% 22%

Dry chips 2 (4) 31% 7%
3 (5) 23% 3%

Average 34% 11%

Number of H. bajulus larvae by mass category

Repetition (test) 1-50 mg 51-100 mg 101-150 mg > 151 mg Total

Green test
specimens

1 (1)
2 (3)
3 (6)

4
1
1

8
11
11

2
2
2

8
8
8

22
22
22

Dry test
specimens

1 (2)
2 (4)
3 (5)

1
1
2

11
11
10

2
2
2

8
8
8

22
22
22

In tests as per European standards for the evaluation of the effectiveness of biocide treatments, in
principle, larvae weighing from 50 to 150 mg are used.  It was demonstrated however, in our tests of
phytosanitary treatment by microwaves (Henin et al., 2014), that the largest larvae were more
resistant to the thermal treatment. From now on it seems pertinent to evaluate the effectiveness of
the treatment on larvae of more than 150 mg.
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Repetition (test) Before treatment After treatment
1 (1) 96% 62%

Green chips 2 (3) 123% 27%
3 (6) 119% 42%

Average 112% 44%
1 (2) 49% 22%

Dry chips 2 (4) 31% 7%
3 (5) 23% 3%

Average 34% 11%

Number of H. bajulus larvae by mass category

Repetition (test) 1-50 mg 51-100 mg 101-150 mg > 151 mg Total

Green test
specimens

1 (1)
2 (3)
3 (6)

4
1
1

8
11
11

2
2
2

8
8
8
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22
22

Dry test
specimens

1 (2)
2 (4)
3 (5)

1
1
2
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11
10

2
2
2

8
8
8

22
22
22

In tests as per European standards for the evaluation of the effectiveness of biocide treatments, in
principle, larvae weighing from 50 to 150 mg are used.  It was demonstrated however, in our tests of
phytosanitary treatment by microwaves (Henin et al., 2014), that the largest larvae were more
resistant to the thermal treatment. From now on it seems pertinent to evaluate the effectiveness of
the treatment on larvae of more than 150 mg.
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Mass of H. bajulus larvae (in mg)

Average Standard deviation Minimum Maximum

Test 1 163 131 41 446

Test 3 190 157 46 598

Test 6 188 150 47 526

Test 2 189 150 47 526

Test 4 187 147 50 493

Test 5 186 147 50 489

Results of temperature measurements

The temperatures measured by the different probes were continuously recorded. This allows an
overall vision to be had throughout the treatment and to check that the temperature at different
locations in the oven was always higher than 56°C.

The overall diagram of the system is shown below:

Figure 4 : Cross section diagram illustrating the circulation of input air (red arrows), progressively cooled during
the treatment of the chips (orange arrows, then blue arrows). The zones where the sensors were placed are
also shown (blue frames).
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The location of the sensors described below is specified in figures 4, 5 and 6.

 Product up: temperature (°C) of the chips at mid-thickness of the 10 cm layer, after 10
minutes of treatment by hot input air, just before their transfer from the upper disc to the
lower disc (sensor TT60).

Figure 5 : Top view of upper disc indicating the movements of the chips and the zones where the
sensors were placed.

 Product Mid 1: temperature (°C) of the chips at the surface of the 30 cm layer, just after their
transfer onto the lower disc (sensor TT70).

 Product Mid 2: temperature (°C) of the chips at the surface of the 30 cm layer, 15 minutes
after their arrival onto the lower disc (sensor TT80).

 Product Mid 3: temperature (°C) of the chips at the surface of the 30 cm layer, 30 minutes
after their arrival onto the lower disc, just before their output to the exterior (sensor TT90).

 Input air: temperature (°C) of hot air brought to a temperature close to 95-100°C by the
heater, at its entrance into the summit of the prototype (sensor TT40). To recall, the hot air
was sucked through the upper disc (it cooled and loaded up with humidity). It was then
sucked through the lower disc before returning to the heater through a wide central
chimney.
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 Mid Air 1: temperature (°C) of the air in the zone situated between the two discs, the sensor
being situated in the immediate neighbourhood of the product sensor TT70 (sensor TT70).

 Mid Air 2: temperature (°C) of the air in the zone situated between the two discs, the sensor
being situated in the immediate neighbourhood of the product sensor TT80 (sensor TT80).

 Mid Air 3: temperature (°C) of the air in the zone situated between the two discs, the sensor
being situated in the immediate neighbourhood of the product sensor TT90 (sensor TT90).

Figure 6 : Top view of lower disc indicating the movements of the chips and the zones where the
sensors were placed.

The analysis of the results focuses firstly on the most frequent situation:  The treatment of green
chips (moisture content close to 100%) in temperate conditions (20°C).

Three tests were performed on green chips at ambient temperature. The characteristics of the chips
were summarized above. The three graphs (Fig. 7, 8 & 9) show the evolution of the temperature of
the chips throughout the period which covers the treatment of test specimens containing larvae. This
period was followed by 40 minutes of treatment during which the chips present during the
installation at the start of the test were progressively eliminated and replaced by the chips which
were experimented on.

The temperature curves relative to air could be easily identified: logically, they fluctuated less than
the temperature of the chips.
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Test on green chips at ambient temperature (tests 1, 3 and 6)

Figure 7:  Values recorded by the different temperature sensors (°C) as a function of time (hh:mm:ss)
on 1 July 2016 during the residence period of the larvae in the oven.

It can be seen on Fig. 7 that the input air is maintained at a temperature close to 95°C. The
temperature of the chips after 10 minutes varies from 85 to 90°C for those situated at the centre of
the 10 cm thick layer. The chips cooled down during their transfer (not optimised on the prototype)
towards the lower disc. Their temperature upon arrival on the lower disc was between 65 and 75°C.

After passing through the 10 cm layer, the air lost a part of its energy and cooled. It stayed at
between 60 and 65°C. The chips cooled slightly and more slowly due to their thermal inertia. Their
temperature stayed around 63°C during 30 minutes. The requirements of ISPM15 standard (i.e. to
maintain at least 56°C at core during at least 30 minutes) were therefore met. It is considered that
the difference in temperature between the surface and the core of the chips was negligible given the
treatment time at 95°C and especially with the smaller thickness of the chips. In addition, all the
larvae were killed by the treatment, while the thickness of the test specimens and their moisture
content were higher than those of the chips.

The following two repetitions confirmed these observations. It was noted that the preparation of the
chips was a difficult stage. In fact, it was difficult to ensure homogeneity of the moisture content of
the chips which had to be re-humidified by adding liquid water.

The increase of the temperature observed between 15h20 and 15h30 on Fig. 8 was probably due to
the treatment of chips with lower moisture content.  Nevertheless, the minimum temperature of the
chips stayed at around 62-63°C during tests 3 and 6 (Fig. 8 & 9).

Test 1: Green chips at ambient temperature (repetition 1)
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During test 6, the settings were modified, causing a greater fluctuation of the input air temperature,
as well as a higher variability of the temperature of the chips upon their arrival onto the lower disc.
These fluctuations damped out perfectly during the 30 minutes of maintaining the temperature
above 60°C.

It should be noted that no larva survived during tests 1, 3 and 6.  It can be concluded therefore, that
the process allows green chips at ambient temperature to be effectively treated and the
requirements of ISPM15 to be met.

Figure 8 :  Values recorded by the different temperature sensors  (°C) as a function of time
(hh:mm:ss) on 11 July 2016 during the period of presence of the larvae in the oven.

Test 3:  Green chips at ambient temperature (repetition 2)
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Figure 9 :  Values recorded by the different temperature sensors  (°C) as a function of time
(hh:mm:ss) on 13 July 2016 during the period of presence of the larvae in the oven.

Test on dry chips at ambient temperature (tests 2, 4 and 5)

The treatment of the dry chips is theoretically easier as the thermal inertia of the latter is lower. The
required temperature could be reached faster or, in other terms, the same initial energy of the input
air would induce a higher temperature of the chips.

In contrast with the tests on the green wood where the 3 air temperature curves and the 3 product
temperature curves were close in the lower stage, the differences are logically more marked here.  In
fact, when the green product was in the drying phase, the energy absorbed served to evaporate the
water and the temperature of the product remained relatively constant.  When the water was
eliminated, the temperature of the product increased if the energy input was maintained.

The temperature of the chips was higher when these arrived on the lower disc, reaching 75 to 90°C,
or even more.   They cooled down during the 30 minutes of their presence on the disc, remaining at
about 65°C, with particular situations where the output temperature exceeded 70°C.

The treatment of the dry chips was more difficult to regulate as the variations of the chips moisture
content at the input were greater (variations from single to double possible). Despite that, to
guarantee a treatment which complies with the requirements of ISPM15 was easy even if the
temperature largely exceeded the requirements during several periods.   In view of the temperatures
reached, it is easy to understand that no larvae had survived the treatments.

In conclusion, the process is quite satisfactory for the treatment of dry chips at ambient temperature.

Test 6: Green chips at ambient temperature (repetition 3)
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Figure 10 : Values recorded by the different temperature sensors (°C) as a function of time
(hh:mm:ss) on 11 July 2016 during the period of presence of larvae in the oven.

Test 2:  Dry Chips at ambient temperature (repetition 1)
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Test 5 : Dry Chips at ambient temperature (repetition 3)
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Figure 11 : Values recorded by the different temperature sensors  (°C) as a function of time
(hh:mm:ss) on 12 July 2016 during the period of presence of the larvae in the oven.

Figure 12 : Values recorded by the different temperature sensors  (°C) as a function of time
(hh:mm:ss) on 12 July 2016 during the period of presence of the larvae in the oven.
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5.4 Analysis of the treatment tests for cooled chips

In order to encompass all the situations possible in the industrial practice, we considered the case
where green chips, stored under winter conditions, would have to be treated. Under such
circumstances, it seemed logical that the rise in temperature of the chips would be much slower and
that the required core temperature would be difficult to obtain.

Two tests were performed to simulate these adverse conditions. Big-bags of green chips were cooled
over 2 days, the 1st day at -15 °C to rapidly lower the temperature and the 2nd day at -5 °C so that the
temperature in the centre of the bags would be around 0 to 5°C.

During the two tests, the initial temperature of the chips was about 5°C with small clusters still frozen
(Photo 8).

Moisture content of the test specimens

Repetition (test) Before treatment After treatment
Green specimens 1 (7)

2 (8)
131%
126%

100%
89%

Moisture content of the Chips

Repetition (test) Before treatment After treatment
Green chips 1 (7)

2 (8)
98%
85%

20%
18%

Number of H. bajulus larvae by mass category

Repetition
(test)

0-50 mg 51-100 mg 101-150 mg > 151 mg Total

Green
specimens

1 (7)
2 (8)

0
0

12
12

2
2

8
8

22
22

Mass of H. bajulus larvae (in mg)

Average Standard
deviation

Minimum Maximum

Test 7 198 85 72 390

Test 8 198 83 61 354
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The tests showed that the rise in temperature posed no problem.  The variation of temperature of
the chips at different measurement positions was relatively significant over time.  However, the
temperature of the raw material was always higher than 62°C over a time longer than 30 min since
the temperature of 60°C was rapidly reached before leaving the upper disc.  All the larvae introduced
into the test specimens were killed by the treatment, while all the larvae kept at 5°C for 90 hours
survived.

In conclusion, even in the case of very cold and green chips, the process allowed the requirements of
ISPM15 to be met.  Consequently, it was not necessary to multiply the tests since at no moment was
the temperature of the raw material less than 60°C. It is obvious that if the process yields entirely
satisfactory results with cold, green chips, a fortiori, the results would also be valid with cold, dry
chips. In fact, the energy needs for reaching the same temperature would be lower since the quantity
of water to heat and to evaporate would be much lower.

Figure 13 : Values recorded by the different temperature sensors (°C) as a function of time
(hh:mm:ss) on 18 July 2016 during the period of presence of larvae in the oven.

Test 7: Green chips at cold temperature (repetition 1)
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Figure 14 : Values recorded by the different temperature sensors (°C ) as a function of time
(hh:mm:ss) on 18 July 2016 during the period of presence of larvae in the oven.

5.5 Safety Margins

With regard to regulatory requirements, safety margins were taken to perfectly guarantee the
relevance of the system. Thus:

 The target temperature is 60°C instead of 56°C in order to take account of the heterogeneity
of the raw material (temperature, initial moisture content and thickness).

 The thermal insulation of the prototype used was of lesser quality than that of the
commercialised machines.

 The reduced size of the prototype made it necessary to have a bucket elevator between the
2 discs, increasing the losses of heat and allowing the product to cool between the discs.
This elevator is not present in the commercial models.

 The moisture content of the test specimens containing the larvae was higher than the
moisture content of the chips.

 The wood specimens containing the insects were larger than the treated chips. It was more
difficult therefore to heat them to the core and to kill the insects found there.

 The largest larvae used (and therefore the most resistant) could not be present in the chips
of the size of those treated.

Test 8: Green chips at cold temperature (repetition 2)
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6 CONCLUSION AND RECOMMENDATIONS

All the tests confirm that under the experimental conditions tested, the ISPM15 requirements were
always met:  The temperature of the chips always exceeded 60°C on the surface during more than 30
minutes (which guarantees a core temperature of 56°C during 30 min) and no larvae survived the
different treatments.

The tests were performed under variable conditions: dry wood and green wood, as well as green
wood stored at a temperature close to 5°C (winter conditions).

The process tested therefore guarantees the effectiveness of the phytosanitary treatment and meets
the technical conditions required for exporting wood chips.

The process was tested on a prototype.  The industrial oven, larger but based on the same process,
must offer the same guarantees of effectiveness.  This will be confirmed by the continuous
measurement of product temperatures at the input to the lower disc and the output from the same
disc, 30 minutes later.  The air temperature, also continuously measured, could confirm the
treatment conditions.

The only restriction concerns the starting of the oven as the steady state conditions are not acquired
immediately.  For chips exiting the oven during the first 40 minutes of the first treatment cycle, the
core temperature of 56°C, maintained for at least 30 minutes, cannot be guaranteed. Consequently,
these chips must be recycled.

The effectiveness of the process and the proper operation of the oven are the conditions necessary
to convince the sanitary authorities, but are probably not sufficient. Rigorous procedures must be
implemented to ensure the traceability of the treated chips.  The continuous recording of the
physical parameters of the treatment associated with the continuous measurement of the flow rate
of the treated chips, must accompany all batches of chips. This information could be recorded in real-
time in a database that the phytosanitary authorities could consult. Other constraints could be
imposed by the phytosanitary authorities. Under these conditions, contact with the Belgian, British
and notably the American authorities concerning this point is highly recommended.
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7 PHOTOGRAPHIC ANNEXES

7.1 Infra-red images

The tests were monitored with an infra-red camera in order to monitor the temperature of the
chips at their output from the prototype on the conveyor belt.

The chips travel from left to right cooling in contact with the ambient air (±20°C).   Each time, the
output temperature of the chips reached at least 60°C. The infra-red images were set with an
emissivity parameter of 0.9 (valid for wood).  The temperature of the walls and other objects, not of
interest here, are approximative.

The photos are not classified in chronological order of the tests but organised, like the graphs,
according to the experimental logic of the analyses described above.

Test 1: 1 July 2016 at 15h41 (to compare with the temperature graph of test 1).

Green chips at initial ambient temperature (T°: 17/18°C - repetition 1)
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Test 3: 11 July 2016 at 15h39 (to compare with the temperature graph of test 3).
Green chips at initial ambient temperature (T°: 21/22°C - repetition  2)

Test 6: 13 July 2016 at 11h36 (to compare with the temperature graph of test 6).
Green chips at initial ambient temperature (T°: 23°C - repetition  3)
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Test 2: 11 July 2016 at 12h08 (to compare with the temperature graph of test 2).
Dry chips at initial ambient temperature (T°: 21/22°C - repetition  1)

Test 4: 12 July 2016 at 11h57 (to compare with the temperature graph of test 4).
Dry chips at initial ambient temperature (T°:  22°C - repetition  2)
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Test 5: 12 July 2016 at 15h12 (to compare with the temperature graph of test 5).
Dry chips at initial ambient temperature (T°:  23°C - repetition  3)

Test 7:  18 July 2016 at 11h56 (to compare with the temperature graph of test 7).
Green chips at low initial temperature (T°:  5°C - repetition  1)
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Test 8: 18 July 2016 at 14h29 (to compare with the temperature graph of test 8).
Green chips at low initial temperature (T°: 5°C - repetition  2)
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7.2 Photos of tests

Photo 1 : Experimental prototype adapted for
the treatment of the chips

Photo 3 : Preparation of the test specimens
(larvae, precision balance and test specimens

Photo 5 : Sealing of the lodgements by means of
a cotton plug, marking of the test specimens

Photo 2: Chips packaged and stored in big bags prior
to the test

Photo 4 : Introduction of a larva into a
lodging drilled into the transverse face of
the test specimen

Photo 6 : Weighing of the test specimens
for the later determination of their
moisture content
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Photo 7 : Coloured test specimen on the
left and closing of the lodging on the
right

Photo 9 : Homogeneous layer of chips on the
upper disc

Photo 11 : Arrangement of the infra-red
camera above the conveyor belt

Photo 8 : Cluster of frozen chips

Photo10 : Evacuation of the chips at the
output of the oven on a conveyor belt

Photo 12 : System of photography using
an infra-red camera
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Photo 13 : Recovery of the test
specimens mixed with the chips

Photo 14 : Check of the operating
parameters of the prototype

Views of the control screen (snapshots not to be interpreted alone)

Photo 15 : Overall view of the operating parameters with the characteristics of the input air (in
blue)
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Photo 16 : View of the upper stage with the temperature of the product (in green)

Photo 17 : View of the lower stage with the temperature of the product (in green) and the air
characteristics (in blue)
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8 TECHNICAL SHEETS FOR SENSORS

8.1 Technical sheet for infra-red thermometer sensors
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8.2 Technical sheet for temperature and humidity sensors
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8.3 Technical sheet for air speed sensors
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