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Food industry is the production sector with the highest energy
consumption. In Europe, the energy used to produce food accounts
for 26% of total energy consumption. Over 28% is used in industrial processes. Recently, European food companies have
increased their efforts to make their production processes more
sustainable, also by giving preference to the use of renewable
energy sources. In Italy, the total energy consumption in agriculture and food sectors decreased between 2013 and 2014, passing
from 16.79 to 13.3 Mtep. Since energy consumption in food
industry is nearly twice the one in agriculture (8.57 and 4.73 Mtep,
respectively), it is very important to improve energy efficiency
and use green technologies in all the phases of food processing
and conservation. In Italy, a recent law (Legislative Decree 102,
04/07/2014) has made energy-use diagnosis compulsory for all

industrial concerns, particularly for those showing high consumption levels. In the case of food industry buildings, energy is mainly
used for indoor microclimate control, which is needed to ensure
workers’ wellbeing and the most favourable conditions for food
processing and conservation. To this end, it is important to have
tools and methods allowing for easy, rapid and precise energy performance assessment of agri-food buildings. The accuracy of the
results obtainable from the currently available computational
models depends on the grade of detail and information used in
constructional and geometric modelling. Moreover, this phase is
probably the most critical and time-consuming in the energy diagnosis. In this context, fine surveying and advanced 3D geometric
modelling procedures can facilitate building modelling and allow
technicians and professionals in the agri-food sector to use highly
efficient and accurate energy analysis and evaluation models. This
paper proposes a dedicated model for energy performance assessment in agri-food buildings. It also shows that by using advanced
surveying techniques, such as a terrestrial laser scanner and an
infrared camera, it is possible to create a three-dimensional parametric model, while, thanks to the heat flow meter measurement
method, it is also possible to obtain a thermophysical model. This
model allows assessing the energy performance of agri-food
buildings in order to improve the indoor microclimate control and
the conditions of food processing and conservation.
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Introduction

The food industry is the production sector recording the highest energy consumption in EU (Monforti-Ferrario et al., 2015). In
2013, in Europe, the energy used to grow, process, pack and distribute food products accounted for around 26% of the total final
energy consumption (Monforti-Ferrario et al., 2015), 28% of
which was used by industrial processes that, together with logistics and packaging, contributed to the consumption of nearly 50%
of the energy used in the food system. In the last few years, the
European food industry has been significantly contributing to
making its production more sustainable also introducing renewable energy sources. In Italy, in 2013, the food sector alone consumed about three times the energy (12.8 Mtep) of the agricultural
one (4.71 Mtep) (Moneta et al., 2015). The building geometry and
the building envelope are the characteristics on which it is necessary to intervene in order to obtain the highest energy efficiency
(Kaminski and Leduc, 2010). In the EU, the electric power consumption for cooling and freezing in food processes is about 30%
of the overall energy consumed by the food industry, which is a
high value if compared to other industrial sectors (MonfortiFerrario et al., 2015). ENEA (Italian Authority for New
Technologies, Energy and the Environment) estimates that the
reduction of the energy consumption is also possible through energy efficiency interventions or by using green technology during
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ing, these components are analysed to detect the parts showing different thermal behaviours. These components are geometrically defined
through techniques of pre-processing and vectorization of the IR
images overlapping the already acquired geometric data. This procedure allows discriminating points that, if only geometrically surveyed
would be attributed to the same category, but actually belong to surfaces of components with different thermal capacities. The analysis
of the spatial variation of surface temperatures through IR techniques
contributes to the detection of the different components of the building, since these, while having similar geometrical characteristics and
apparently consisting of one same material, may show different thermal behaviour. Thus, the previously acquired point cloud is processed
by dedicated software and the objects and elements composing the
building are integrated with information on their homogeneous thermal behaviour. All this contributes to the development of the BIM
(Mahdjoubi et al., 2013). In the subsequent phase, a series of precise
on-site measurements, taken with thermographic and heat flow meter
techniques, allows acquiring and analysing data on the main thermophysical characteristics of components. The utilised methods, however accurate they may be, must be based on simple on-site and indoor
measurements, carried out by means of expeditious and non-invasive
tools and procedures, so as not to hamper the usual productive activities (Ghazi Wakili et al., 2003; Ham and Golparvar-Fard, 2015). The
subsequent elaboration of the model through CAD software and dedicated tools allows associating the information on the main thermophysical characteristics of the building components to the objects
composing BIM and, therefore, constructing the BEM. The BEM
enables to simulate and assess the building energy performance, particularly in relation to external heat stresses and to thermal indoor
environmental requirements as well as to the operational conditions
needed to ensure workers’ wellbeing and proper product processing
and conservation. The BEM allows carrying out subsequent thermal
analyses even in dynamic regime, or evaluating the effect of external
climatic variations on internal operating conditions. This procedure
requires knowledge of a series of data representative of the actual climatic conditions of the site for a significant time interval, which is not
always available. However, it is possible to perform an energy diagnosis by means of a tailored rating system, in compliance with current
regulations (UNI CEI EN 16247-1-2, UNI CEI /TR 11428, CTI
Guidelines).
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the phases of food production, processing and conservation
(Saggio, 2016). A substantial portion of the energy used by a building is destined to its microclimate control to ensure the workers’
thermal comfort as well as the optimal conditions required by raw
materials conservation and food processing and storage. Moreover,
consumers demand ever increasing levels of safety and sustainability of the entire food chain of production (Barreca et al., 2014).
Therefore, it is crucial to have tools and methods that allow precisely assessing the energy performance of an agri-food building
and, at the same time, are of easy and quick application. The accuracy of the results obtained from the currently available calculation
models is, however, linked to the level of detail of constructional
and geometric modelling. When design information is not available, geometric modelling is the most delicate and time-consuming
phase of the whole process of energy diagnosis. This is the case of
historic agricultural buildings, many of which are presently used,
in Italy, for production purposes and have undergone continuous
adaptation, over time, to meet the changing requirements of food
processing and storage. In particular, centuries-old wineries and
olive-oil mills, not only still play their functional role, but are also
considered as an important part of the architectural heritage to be
protected. Advanced 3D surveying techniques can facilitate the
building modelling and enable experts and professionals in the sector to use and apply highly efficient and accurate calculation and
energy analysis models. 3D laser scanner systems are widely used
and tested for surveying both civil buildings and historical and
artistic architectural artefacts (Chiabrando et al., 2016).
Nevertheless, it should be stressed that geometric modelling alone,
however detailed it may be, does not allow for specific analyses on
the thermal behaviour of the envelope (Porto et al., 2015), since
any energy analysis model, even for generic application, needs
data on the thermophysical characteristics of the materials in the
envelope as well as on thermal stresses and on the use of space.
Recently, research has been focused on the implementation of
automated procedures and techniques for the generation of building information modelling (BIM) to assess building energy performance (Wang and Cho, 2015). Actually, some specific productive
and modern industrial buildings do not require highly accurate
assessment of their energy performance but only data that may
allow applying environmental sustainability models (SBMethod,
Itaca, Leed, etc.). The objective of this paper is to propose a semiautomated method for obtaining a building energy model (BEM)
of existing productive buildings, particularly those of historical
interest, in order to apply energy assessment and environmental
sustainability protocols and models. In particular, an original
methodology for the construction of the thermo-physical model of
the building is proposed in order to enable a subsequent application of advanced models of energy consumption and energy audits
that can meet the requirements of specific food processing technologies or test the specific internal thermal conditions (Campolo
et al., 2013).

Materials and methods

The proposed method (Figure 1) is based on advanced surveying
techniques that make use of terrestrial laser scanner (TLS) instruments, which provide the geometric definition of the building by
acquiring a point cloud. The rendered building components are classified into three different categories (vertical, horizontal or inclined),
which are then sub-classified according to their thickness. Then,
thanks to infrared (IR) images obtained from thermographic survey[page 204]

Case study

The proposed method (Figure 1) was applied on an old oil mill
situated in a representative area of Southern Italy, in the province
of Reggio Calabria (Lat. 38.2649° N, Long. 16.1857° E), which is
the case study of this paper. Some characteristics of the building
appear as coherent with the local typological and constructional
characteristics: rubble masonry load-bearing walls, longitudinal
timber roof structure supported by masonry arches, pitched roof
covered by pantiles. The original structure was built in the 19th
century. Over time, it has undergone various spatial remodelling
and constructional transformations, which can be neither easily
traced and documented nor considered as specifically aimed at the
improvement of building energy performance. In particular, the
building indoor space, was modified to ensure the correct execution of the productive process and to better suit technological innovation, following the changes in machinery, plants, processing
lines, regulations, etc. The present plan layout of the building is
shown in Figure 2. Three main functional areas can be singled out:
delivery area, pre-processing and processing area, olive oil storage
area. There are also service areas and an external area used for the
temporary storage of production solid waste.
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Figure 1. Flowchart showing the main phases of the proposed
method.
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The construction of a faithful BIM of the examined building
depends on a careful surveying project and on the level of completeness of the point cloud it generates. The surveying project
allows checking the weaknesses of the characteristics to survey,
whether they are metric, functional, constructional or structural, as
well as ensuring a fluid workflow and complete surveying.
Figure 3 shows the flowchart of the proposed method aimed at
obtaining the geo-referenced 3D point cloud. The dimensional data
of the building, of the machinery stored inside and of the site were
respectively acquired by means of the following tools: TLS Leica®
C10, handheld scanner (HS) Trimble® DPI-8 and geodetic global
navigation satellite system (GNSS) Leica® GS12. The use of a HS
in the indoor survey is motivated by the presence of machinery
causing the problem of cast-shadows (Hu et al., 2016) thus determining several blind spots not detectable by the TLS. Raw data
collected as 3D point clouds from several surveys have been
homogenised into a single platform.
In the first step, the inside and the outside of the building were
surveyed by utilising exclusively TLS. Therefore, the survey coordinate system was relative and the various scans were then processed through different software platforms (Figure 3) to obtain a
co-registered 3D point cloud. After obtaining the whole merged 3D
survey, the external stations of TLS were detected on site with the
geodetic GNSS in order to obtain the geographic coordinates and,
as a result, to geo-reference the survey within an absolute geographic reference system.
The integration of the surveying systems was ensured by the
interoperability between the different software platforms and by
the utilisation of the open E57 file format. The coordinates of the
homologous vertices in the point clouds belonging to the new geographic reference system were extrapolated from the point cloud
representing the overall data. The dimensional data obtained from
the HS allowed perfect integration of the systems through the
assignment of the new positional parameters. Thus, the parametric
model, implemented by means of advanced geomatics surveying
techniques and aimed at analysing the energy performance of the
building, was constructed. With a view to analysing the building
thermal behaviour and detecting possible non-uniformities on the
heat capacity and transmittance of the components of the building
envelope, an expeditious thermographic survey of the building was
carried out with a FLIR® B335 thermographic camera. In the proposed procedure, the thermographic analysis allows expeditiously
evaluating the thermophysical characteristics of the envelope and
the different thermal behaviour of its components (e.g., due to thermal bridges, heterogeneous materials or localised heat losses)
without interfering with the normal working operations taking
place inside and outside the building (Figure 4).
Since thermographic analysis is a technique based on the measurement of radiant heat in the infrared spectrum of a body, its correct execution is affected by environmental factors, such as direct
solar radiation, air temperature, humidity and speed as well as by
surface optical properties like thermal emissivity and solar
reflectance. Yet, in this specific case, the analysis has the only
qualitative objective to highlight the presence of components with
a different thermal behaviour.
Then, the point cloud was converted into a parametric element
in order to generate an as-built BIM, the so-called historic-BIM
(Chiabrando et al., 2016). The point cloud was registered in
Cyclone® software; metric data were converted into Recap®; and
imported into Revit®. This BIM software suite imports parametric
objects, i.e. primitive objects like surface, BEZIER spline and

Figure 2. Plan layout and main functional areas of the building
case study.

Figure 3. Flowchart showing the main steps of the data survey
analysis leading to the building information modelling.
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Figure 4. A) Infrared thermo-graphic camera. B) Thermo-graphic
analysis of the building.
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The aim of obtaining a digitalised 3D model, which could contain all the information on the building, such as thermal zone layout, construction type, local weather data, HVAC system, operating schedules, space loads (lighting, appliances and occupants),
derives from the need for a single model to be submitted to a contractor and for an optimised management of the information concerning the entire building life cycle: design, construction, maintenance, operation and demolishing (Barbaresi et al., 2017). The
importance of BIM resides in the interoperability between the different specialisations, i.e. architects, structural engineers, plant
engineers. If, on the one hand, this is a clear step towards a computer-standardised process to get a model containing multi-disciplinary data on a particular building, on the other hand, there is a
gap between the BIM and the parameterisation of the existing
buildings. Despite the importance of BIM for the preservation of
memory and for restoration projects of architectural assets, the difficulty in modelling its geometry and integrating thermal characteristics is still evident. The evaluation of the thermophysical characteristics of the materials of building components is quite complex, above all if it is carried out on site with portable equipment
and tools and under uncontrollable environmental conditions
(Ghazi Wakili et al., 2003). It is important not only to know the
thermal conductance of the building envelope (Ham and
Golparvar-Fard, 2015) but also the heat capacity of the components. The heat flow meter method was utilised for the developed
application.
This specific method is based on the measurement, at set time
intervals, of the density of heat flow rate q through a building component and on the contemporary measurement of temperatures on
the two exposed faces (ISO 9869-1:2014). Thermal conductance Λ
[W·m–2·K–1] and the internal areal heat capacity [J·K–1·m–2] are
calculated by means of formulae (1) and (2) (Barreca and Fichera,
2016), respectively, using the progressive average method, in order
to limit the influence of the thermal transient period:
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3D modelling: from building information model to
building energy model

[W·m–2]; Th, heat flow [W]; t, time [s].
In the progressive average method, the parameters mentioned
above were measured at set time intervals of 300 s for 72 h.
The BIM obtained through Leica® Cyclone® software was
imported and processed with Autodesk® Revit® software, which
allowed associating to each elementary component the thermophysical properties of the materials composing it (Table 1).
The model obtained becomes more significant than the simple
geometric model, since it is a smart model containing information
and intrinsic data of the building that may not be limited to its thermophysical properties but include further data for structural or life
cycle analyses, etc. In order to better manage the model, each component was indexed. The first index was referred to a category
(vertical, horizontal and inclined); the second was referred to
thickness; the third was referred to thermal characteristics; and the
fourth to the possible irregular thermal characteristics in the same
component (Table 1).
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NURBS, and converts them into walls, columns and other building
components.
The integration of the geometric survey and the thermal map
obtained from infrared thermal surveying allowed reconstructing
the BIM of the whole building, which was made up of elements
with different geometrical shapes and/or thermophysical behaviour
(Figure 5).

(1)

Figure 5. External wall of the building showing the components
with a different thermophysical behaviour.
Table 1. Values of the thermophysical characteristics assigned to
components.
Component Width Area
[cm] [m2]

(2)

where: Λ, thermal conductance [W·m-2·K-1]; k, areal heat capacity
[J·K–1·m–2]; C, heat capacity [J·K–1]; qc, density of heat flow rate
(cold face) [W·m–2]; qh, density of heat flow rate (hot face) [W·m–
2] T , hot surface temperature [K]; T , cold surface temperature
h
c
[K]; Q, density of heat energy [J·m–2]; q, density of heat flow
[page 206]

W5.1
W6.1
W6.1.1
W6.2
W6.3
W7.1
W8.1

59.00
60.00
60.00
60.00
60.00
65.00
80.00

110.70
321.90
0.53
512.20
143.20
56.40
106.90
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Volume Transmittance Heat
[m3]
[W·m–2·k–1] capacity
[kJ·K–1]
15.50
48.20
0.32
61.50
22.90
9.00
21.00

3.65
3.67
4.20
4.15
3.67
3.45
2.84

121.29
123.27
170.67
124.66
123.27
134.00
165.61
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Figure 6. Outdoor air temperature.
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The construction of the BEM allows accurately evaluating the
building energy performance both in a steady state and under
dynamic thermal conditions. In the latter case, it is necessary to
know the most probable values of microclimate parameters
throughout the duration of the study and at time intervals that are
compatible with its objectives. In the examined case study, Design
Builder® software with Energy Plus™ solver was utilised.
Importing the generated BEM was not particularly difficult, since,
thanks to the special gbXML exchange format, it was possible to
transfer the data associated to BIM to specialised analysis software
programmes. In particular, the regulations concerning the standardisation of the exchange file formats of the various software
programmes operating with BIM are being studied and continuously updated. The CEN working on BIM established the working
group CEN/BT/WG 215 BIM, which is promoted and coordinated
by Norway (UNI, 2015). The first three ISO standards are: i) BIM
Information Delivery MaCnual (IDM)-ISO 29481, parts 1 and 2;
ii) Industry Foundation Classes (IFC) - ISO 16739; iii)
International Framework for Dictionaries (IFD) - ISO 12006, parts
2 and 3.
Nevertheless, a few interventions on the imported model were
needed. For instance, it was necessary to redefine the position and
orientation of the building because, even if the generated BIM
model was originally georeferenced through geographic coordinates, this information was not kept while importing it from the
energy analysis software. As a result, it was necessary to identify
the area among the nearest ones and among those whose data were
already contained in the software database (in this specific case,
Reggio Calabria) (Figure 6). Furthermore, it was necessary to
choose the activities carried out, the generated indoor thermal load,
the indoor environment control systems, the periods of simulation
and analysis.
For example, a series of dynamic thermal simulations were
carried out on the studied building.
The simulation was carried out considering an electric cooling
generation system with a coefficient of performance (CoP) as 2.5
and a minimum internal temperature of 12°C and a humidity of
0.0077 (g/g); and an electric heating generation system with a CoP
of 2.0 and a maximum internal temperature of 35°C and a humidity
of 0.0156 (g/g). The simulation concerned the estimation of annual
energy consumption for indoor thermal control in order to maintain
air temperature values in the range considered as optimal in relation to specific activities and functional areas (i.e., 5÷18°C in the
oil storage area; 18°÷20°C in the processing and working areas).
The result showed that the energy consumed for heating was about
4000 kWh, with a peak in January, while the energy consumed
every year for cooling was about 15,600 kWh, with a peak between
July and August, almost four times as much as the one used for
heating (Figure 7).

the thermal insulation layer of walls. The construction of BIM and
BEM is now a well-established practice only in the design of new
buildings, not for existing buildings. This paper proposes a prompt
method for the construction of BIM and BEM starting from existing buildings and shows the advantages it can offer when applied
to historic agri-food buildings. In particular, BEM is a crucial tool
for a company that must monitor the operating costs of its premises
and production; for an expert who has to evaluate the effectiveness
of project solutions to improve and modernise a business; and for
the public administration that wishes to monitor the environmental
sustainability of productive buildings.
The application to the case study considered in this paper
revealed a series of weaknesses, such as: i) the lack of full integration between laser scanning data processing software and CAD
and BIM software; ii) the difficulty in characterising the thermal
behaviour of the materials and components of the building on site,
by means of expeditious methods; iii) the lack of microclimate
data on the territory (temperature and air humidity, solar radiation
and wind speed), which are suitable to conduct accurate thermal
simulations on buildings even under dynamic conditions.
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Results and discussion

Conclusions

Thanks to dedicated software programmes, the BEM allows
carrying out simulations and accurate analyses of the building thermal behaviour. Once the BEM is defined within the analysis software, for example, it is possible to compare hypotheses of interventions to improve the building passive performances; to evaluate
the costs of possible thermal control systems; or to find an optimal
solution in terms of adequate window area or proper thickness of

Figure 7. Monthly energy consumption for the air-conditioning
of the building.
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