
Abstract 

The last century researchers at Kansas State University demonstrated
the validity of the heat treatment as a method of pest control in more
than 20 mills. However factors such as the high capital investment
required to heat large buildings, inadequate control of high tempera-
tures and the risk of damage to parts of the plants or the construction
materials have prevented the large-scale adoption of this technique as a
viable alternative to fumigants. Today the combination of the industrial-
ization of the food industry, the technological and structural moderniza-
tion of plants and developments in heat disinfection technologies have
resulted in interesting results being obtained for the use of this system
in primary and secondary production processing plants, both experimen-
tally and in practice. However, the scientific literature highlights some
of the factors that limit the efficiency of the treatment. This is related to
aspects of the buildings and the plants and the environment of the build-
ings. The structure of the buildings appear to have an enormous impact
on energy consumption, because this depends on the amount of heating
time and the methods that have to be used when establishing a heat
treatment regime. These factors are important if the fumigation temper-
atures are to be reached in the shortest possible time and can affect the
choice of the technique used with current fumigants, especially when
this is combined with the amount and cost of the energy consumed. The
aim of this work is to analyse four Sicilians mills that intend to use the
heat system for fumigation and pest control in order to identify those
aspects of the buildings, plant and their environment which are “critical
elements” and may discourage the use of this technology. Particular
attention was paid to the type of construction materials and their ther-
mal conductivity (roof, floors and walls), the number and volume of the
buildings and the distance between them, the entrances and the links
between different parts of the plant and the type of equipment used and
its spatial organisation inside the buildings.

Introduction

The first example of the use of heat treatment pest disinfestation in
the milling sector was in a document published by Duhamel du
Monceau in France in 1762 (Beckett et al., 2007).
In 1912 Professor G. A. Dean, an entomologist at Kansas State

Agricultural College, demonstrated the efficicacy of heat treatment for
controlling insect infestation in a study carried out at 20 mills in Ohio,
Illinois, Indiana, Iowa, Nebraska and Southern Canada, and proposed
that this method was a valid alternative to the use of fumigants (Dean,
1911, 1913; Field et al., 1997; Dosland, 1996). 
More recently pilot studies using heat treatment with biotesting

have been carried out at mills in Canada and Europe by Kansas State
University. These studies have demonstrated that the temperature at
which the insects die was on average between 40 °C and 55 °C. The
available data shows that most species of insects do not survive for
more than: 24 hours at 40 °C, 12 hours at 45 °C, 5 minutes at 50 °C,
and only 1 minute at 55 °C (Suss, 2007; Brijwani et al., 2010, 2012).
In addition various experiments in agro-industrial plants in Italy

and abroad have demonstrated that to reach 100% insect mortality one
needs a treatment period of 36 to 48 hours at temperatures between
55°C and 60 °C.
An experiment carried out in a 11.500 m3 brick-built mill in 2007 was

able to evaluate the heat loss during treatment. 44% of the heat was
absorbed by the floor and walls and 10% by the plant, while 46% was
related to the heat loss of the building (Guerra, 2009).
The most recent reports in the literature have highlighted certain

aspects of the buildings, plant and environment which may limit the
efficacy of heat treatment. 
It is known that the main critical points in mills are the “cold

points”, i.e. the spaces in which the temperatures do not reach the
required levels. Certain studies have shown how, during treatment,
various types of insect move to the areas where the temperatures do
not reach lethal levels (Massara 2007; Suss, 2008; Guerra et al., 2012).
These critical points are linked to the characteristics of the materials
used for the buildings and plant and the organisation of the buildings
themselves. These factors influence the choices of how the treatment
is applied (type of thermo-ventilator fans, season, time period and
temperature of treatment), and thus the cost of the energy consumed,
and the management of the operation (Braghieri et al., 2007; Massara,
2007; Suss, 2008; Guerra, 2009).
At present it seems that innovations to the plant designed to ensure

their efficiency when subjected to high temperatures are more
advanced than the general level of innovation of the typical layout of
the mills themselves, and also more advanced than the types of con-
struction and the materials used to ensure a suitable environment for
heat treatment. 
Today, because of the good results of heat treatment pest disinfesta-

tion, more and more businesses are interested in and intend to use
this system. However many of the buildings do not have the correct
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characteristics and are not constructed of the right materials to guar-
antee good results. 
Given that these problems exist, this paper studies four mills, in

order to identify the critical points. The information obtained may be
useful in helping to make existing structures suitable for heat treat-
ment and also helpful when planning new mills. 

Materials and methods

The paper studies four Sicilian mills whose owners intend to use
heat treatment pest disinfestation. Thermo-ventilator fans will be used
to heat the four mills, with each fan using about 20 kW/h of electricity.
On average three ventilator fans will be used for a volume of 1000 m3. 
Mills 1 and 2 are in the Province of Syracusa and mill daily, respec-

tively, 220 tons of durum wheat and 100 tons of common wheat. Mill 3
is in the Province of Enna and mills 0.3 tons of durum wheat per day,
with the flour being to used in the bakery attached to the mill. Mill 4 is
in the Province of Palermo and mills 220 tons of durum wheat per day
for use in the bakery attached to the mill. 
The mills are built according to the standard layout used by the major

construction companies. 
All the mills have a central building, with the height depending on

the production capacity, divided into different floors, as can be seen in
Figure 1. The standard layout is adequate for the production flow and,
irrespective of the particular capacity, the silos are connected laterally
to the central building. The plan in Figure 1 shows a mill with a capac-
ity of 220 tons per day. 
Analysis of the problems and direct observation of the mills has

allowed us to acquire detailed information of the characteristics of the
buildings and the relationships between them and the production
processes. 

The precise investigation of the critical points was only carried out
in the places where heat treatment would be used. In order to do this
aspect of the buildings and plant were used as indicators. 
The aspects of the buildings, using meta-planning methods (Failla et al.,

2006; Strano et al., 2012) as a point of reference, were extrapolated
from the building systems used (UNI EN 10723:1998; UNI EN
10838:1999):

- the environment and type of building, in order to identify the criti-
cal points in heat distribution in the different areas and between
the floors. In order to do this the volumes and the way that the dif-
ferent floors were connected were taken into consideration; 

- the technological system, so as to identify the critical points in heat
loss and the response of the materials used. In order to do this, the
characteristics of the construction materials, the plant and the sur-
face of the walls floors and roofs were taken into consideration. 

For the aspects of the plant, the processing plant were analysed in
order to identify possible equipment or parts of the plant which were
“sensitive to heat treatment”. The companies which construct many of
the components supplied information on their heat resistance charac-
teristics. In this way these values were acquired and systematised. For
those components or plant where the information was not provided by
the suppliers, laboratory tests were developed to check their resistance
to high temperatures. To be more precise, samples of the sieves, the
square sifters and the purifiers from the four mills, made up of wooden
and aluminium sieve frames, assembled with cyanoacrylate adhesive
or vinyl glue, were placed in a closed environment for 48 hours in a
temperature of 63 °C.

Results and discussion

The results below take into consideration developments in the liter-
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Figure 1. Heat distribution in the plans and possible migration of pests.
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ature in recent years. Thus it is implicit that when highlighting the
critical points in the mills we studied one must take into account the
views expressed in the pricipal scientific literature for this sector
(Beckett et al., 2007; Massara, 2007; Süss, 2008; Guerra; 2009).

Aspects of the buildings and critical points
The characteristics of the building system used in the four mills are

shown in Tables 1 and 2. The processing environment, in different
places depending on the type of layout, although always compartmen-
talised, present points of continuity in correspondence with the many
openings in the ceilings, which are necessary for connecting the differ-
ent plant. As a result it is difficult to check the thermo-hygrometric
parameters of each environment: to intervene in one would mean inter-
vening in the whole volume of the building (Table 1). 
Table 2 shows the construction system used for the four mills. They

all of the traditional type and have insulating material only on the
external walls. 

The critical points identified in the analysed building
systems
If one intends to use heat treatment in the mills, the critical points

essentially refer to heat movement upwards from the lower floors to the
upper ones. This causes temperature differences between the different
floors and between the surfaces of the roofs, ceilings, walls and floors,
as can be seen in Figure 1. Other critical points are linked to the char-
acteristics of the construction material used. 
Certain critical points were found in all four mills. To be precise, the

areas used for the milling machines may be critical points for heat
transfer due to the following aspects of the buildings:
- the longitudinal gratings of the vertical pneumatic conveyors of the

products;
- openings in the horizontal partitions for housing the freight eleva-

tors;
- shutters.
Other specific points of heat loss in the different mills are: 
Mill 1 (Figure 2A and 2B)

- transversal gratings between the walls and floors used for housing
the Archimedian screws that transfer the grain. These are found
between all the floors, from the basement to the fifth floor; 

- open areas designed to house the iron silos for storing the flour
awaiting packaging. These are found between the second and
fourth floors of the mill;

Mill 2 (Figure 3)
- internal staircase without doors; 
- openings in the ceiling between the basement and the ground floor

in correspondence to the location of the flour storage silos;
Mill 3 (Figure 4)

- internal staircase without doors; 
Mills 3 and 4 (Figure 4)

- trapdoors for the ramps for the sacks; central openings between the
floors for the pneumatic machinery and for the conveyor belts.

The effects of the hot air rising and its stratification are particularly
evident vertically, as the vertical areas are more difficult to heat uni-
formly than the horizontal ones. 
In the mills under investigation the vertical spaces are found near

the internal grain or flour storage silos or near the storage spaces for
the unpackaged final products.
Other elements which may effect the uniform distribution of temper-

atures are the external walls, which are more exposed to heat exchange
with the surrounding area. 
At present the methods used for heat treatment use ventilator fans

to circulate the air, This ensures that the ambient temperature is uni-

form and that the lower areas are also heated. 
Analysis of studies on heat treatment in mills indicates that the

zones where the pests migrate to often coincide with the following
areas, which are those where it is most difficult to apply the heat treat-
ment: 
- the junctions between floors and walls, walls and walls, roofs and

walls, as well as the spaces between the plant and the floors; 
- crevices and cracks in the walls and floors;
- the spaces between the walls and the plant or the frames on which

the machinery is mounted. (Dowdy, 1999; Dowdy and Field 2002;
Mahroof et al., 2003; Hulasare et al., 2010; Guerra et al., 2012)

Bearing in mind the observations of the migration of the pests, a
report has been developed for the mills under consideration which indi-
cates the colder points of the various work spaces (Figures 1, 2, 3 and 4).
The critical points inherent in the characteristics of the construction

material are basically due to the way the material used for the buildings
and plant aids heat loss. 
From our observations and from information obtained during the

experiment one can arrive at certain conclusions. 
The mills generally have brick walls and concrete, granite or marble

floors. These heat more slowly during the heating process. The plant
and machinery are made of aluminium or iron and do not present any
particular critical points during the heating process, although the seals
may be damaged. The floors in mill 3 are connected by ramps covered
in plastic, and this may be damaged by the high temperatures during
heat treatment. 
The heat retention of the buildings depends on the characteristics of

the bricks used, which have different levels of conductivity, and the
presence or absence of insulation (Table 2). The mills have insulated
walls and roofs, with the exception of mill 3. Thus this is the one where
there is likely to be more heat loss during treatment. 
Other critical points may be the internal horizontal partitions which

are not insulated, and so contribute to the upwards heat transfer in the
buildings. The areas in the basements are always colder than the areas
in the upper floors. 
Mills 1 and 2 have external single glazed windows in aluminium

frames, These prevent air escaping but are not efficacious for heat
retention. 
Mills 3 and 4 have windows with old iron frames which are often not

airtight. During heat treatment even the smallest cracks may be signif-
icant critical points for heat loss. 
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Table 1. Volumes of local mills.

Production space Volumes  m³ Volumes bring
thermal regime

Total m³   

Mill 1
Grain storage 6576 23131
Milling 11589
Durum wheat and waste storage 4966

Mill 2
Milling and storage 7295 7295
Finished products storage 5040 1175

Mill 3

Milling and storage - 5000

Mill 4
Milling and storage - 17514
Finished products storage
Waste storage
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Table 2. Construction characteristics of the mills and their critical points.

Figure 2. Critical points for transfer of heat.

A B



[page 746]                                [Journal of Agricultural Engineering 2013; volume XLIV(s2):e149]              

Aspects of the plant and critical points
In mills transforming grain into flour involves the following process-

ing stages: collection, pre-cleaning, storage, cleaning, drying, milling
and processing, storage of the flour and packaging of the final product.
These processes involve the use of different machinery and plant

(Table 3). These may be damaged by heat treatment.

Critical points identified in the plant 
Analysis of the plant found that the storage silos in concrete or steel,

zinc or iron sheet metal are not damaged by the temperatures used dur-
ing heat treatment. 
The cleaning, milling and sieving machinery in mills 1, 2 and 4 were

made of stainless steel by Bühler S.p.A and there are no critical points
at high temperature. There are also no problems for the aluminium or
treated-wood sieves, the rubber components (seals, couplings, etc.),
the PVC trapezoidal transmission belts, the flat leather transmission
belts, the plexiglas bells, the fibreglass or wood rods or the special syn-
thetic sleeving material.
The plant used in mill 3 for cleaning and milling are old machines

from the 1980s made by Golfetto Italia. They are made of steel and/or
wood with mahogany or American tulipwood equipment. The suppliers
maintain that the materials used should be resistant to heat treatment. 

However the information obtained during the research suggests that
some equipment may be sensitive to heat treatment, especially the fol-
lowing: 
- sieve frames used during sifting;
- parts and components of the packaging machinery;
- equipment and parts of machinery which have become worn out

through use. 
During sifting the critical points were identified as the sieve frames

with nylon nets. The strength of the attachment depended on the type
of glue used. 
Tests on frames in wood and aluminium assembled using cyanoacry-

late adhesive, found that the structures resisted high temperatures and
the frames were not deformed. 
The components of the packing and flour plant and machinery were

found to be sensitive to the heat treatment (Table 3). 

Conclusions

This study highlights the critical points for heat treatment in four
representative mills. Most critical points were due to lack of insulation.

                    Journal of Agricultural Engineering 2013; volume XLIV(s2):e149

Figure 3. Critical points for transfer of heat.



This was only used for external walls in the various buildings.
Other aspects of planning, which are apparently of minor impor-

tance, such as for example isolating the different environments verti-
cally, must be treated with particular care in buildings where heat treat-

ment is intended to be used as a standard procedure for combating pest
infestation. 
Traditional mills may be built of different materials, usually metal

structures, prefabricated panels or steel. These have the advantage of
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Figure 3. Critical points for transfer of heat.
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allowing the desired temperatures to be reached in a short time. 
Very few critical points were found among the plant. The suppliers

are ensuring that the components of the plant are suitable for the
requirements of heat treatment. 
The results of the analysis are of fundamental importance in estab-

lishing guide lines which can be used for existing buildings and when
planning new mills, because heat treatment pest disinfestation is
becoming ever more widely used n this sector. 
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Table 3. Identification of plant components susceptible to heat treatment.

Pneumatic and electrical components Operating temperature range ° C
packaging machines 0 ÷ +55 -20 ÷ +70 0 ÷ +50 -5 ÷ +70 -10 ÷ +60 <30 ÷ +110 -20 ÷ +80 -20 ÷ +70 -40 ÷ +60

Electrical equipment in general, internal X X (off) - - - - - - -
panel, electronic control units,
external electrical material,
photocells / sensors

Filter-reducing, electrovalves, lubricators - - X - - - - - -
1700 series, electrodistributors

Non-rotating cylinder series 1348 ÷1350 - - - X - - - - -

PVC conveyor belts - - - - X - - - -

Polyurethane conveyor belts - - - - - X - - -

Pneumatic control valves series 224 - - - X - - - - -

PVC suction flexible hoses - - - - - - X - -

Magnetic sensors - - - - - - - X -
Pneumatic hoses, pneumatic plant - - - - - - - - X

Components milling plants Operating temperature range ° C
0 ÷ +100 0 ÷ +80 -20 ÷ +60

Flat Belts polyurethane elastomer-Z series X - -

Flat belts in polyurethane leather-LT series - X -

Flat belts in leather-LL series - X -

Round belts and trapezoidal - - X

Critical limit
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