
10 April 2024

POLITECNICO DI TORINO
Repository ISTITUZIONALE

Collecting built environment information using UAVs: Time and applicability in building inspection activities / Grosso, R.;
Mecca, U.; Moglia, G.; Prizzon, F.; Rebaudengo, M.. - In: SUSTAINABILITY. - ISSN 2071-1050. - ELETTRONICO. -
12:4731(2020). [10.3390/su12114731]

Original

Collecting built environment information using UAVs: Time and applicability in building inspection
activities

Publisher:

Published
DOI:10.3390/su12114731

Terms of use:

Publisher copyright

(Article begins on next page)

This article is made available under terms and conditions as specified in the  corresponding bibliographic description in
the repository

Availability:
This version is available at: 11583/2838009 since: 2020-07-02T10:48:22Z

MDPI



sustainability

Article

Collecting Built Environment Information Using
UAVs: Time and Applicability in Building
Inspection Activities

Rachele Grosso 1 , Umberto Mecca 2,* , Giuseppe Moglia 2 , Francesco Prizzon 3

and Manuela Rebaudengo 3

1 Politecnico di Torino, Corso Duca degli Abruzzi 24, 10129 Torino, Italy; rachele.grosso@polito.it
2 Department of Structural, Geotechnical and Building Engineering, Responsible Risk Resilience Centre,

Politecnico di Torino, Corso Duca degli Abruzzi 24, 10129 Torino, Italy; giuseppe.moglia@polito.it
3 Interuniversity Department of Regional and Urban Studies and Planning, Responsible Risk Resilience

Centre, Politecnico di Torino, Viale Mattioli 39, 10125 Torino, Italy; francesco.prizzon@polito.it (F.P.);
manuela.rebaudengo@polito.it (M.R.)

* Correspondence: umberto.mecca@polito.it; Tel.: +011-090-5317

Received: 20 May 2020; Accepted: 4 June 2020; Published: 10 June 2020
����������
�������

Abstract: The Italian way of thinking about maintenance is too often one-sided. Indeed, it is
considered not so much as a useful practice to prevent the occurrence of a fault (ex ante), but as
an intervention to solve it (ex post). Analyzing the legislation relating to the construction sector,
it can be seen that it does not clearly define the responsibilities, timescales and methods in which
maintenance interventions must be planned and carried out. For this reason, this practice is still very
weak compared, for example, to the industrial sector, where it is an established practice. Currently,
the complexity of reading the maintenance plans drawn up by designers and the considerable costs
associated with maintenance operations discourage owners and managers from even carrying out
preliminary inspection operations. This research aims to stimulate these stakeholders to carry out
inspection operations regularly, highlighting their costs and benefits. In particular, working on a case
study in Piedmont, the costs of visual inspections carried out in the traditional way are compared with
those that would be incurred if unmanned aerial vehicles (UAVs) were used. Finally, the collateral
benefits of inspections carried out with UAVs are highlighted.

Keywords: maintenance plan; preventive maintenance; buildings inspections; inspection costs; UAV

1. Introduction

If we consider the collection and use of systematic data on maintenance operations in buildings,
“[ . . . ] a theoretical vacuum is created in the building sector [...]: just as, more generally, quality theories,
so maintenance and especially scheduled maintenance, are now consolidated for household appliances
rather than for buildings” [1]: there is no national database or extensive research on the subject;
some recent data concerns in particular the maintenance of infrastructures, which are those components
with the greatest negative impact in case of breakdown/incidental negative event [2,3]. If there was an
available database of the interventions carried out, it would certainly be useful for preliminary studies
on scheduled maintenance. How can information be collected without imposing new regulatory
requirements on the asset managers/owners? How to make the built environment information available
and “attractive” also from an economic point of view [4]? It is therefore necessary to change the
logic of the maintenance intervention, exploiting low costs and promoting data collection. This paper
studies time and costs of using drones for the gathering of information related to the maintenance of
the building envelope, in particular to support the operations of visual inspection, foreseen to be part

Sustainability 2020, 12, 4731; doi:10.3390/su12114731 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0001-9923-2802
https://orcid.org/0000-0002-0873-7213
https://orcid.org/0000-0002-5355-2154
https://orcid.org/0000-0003-4385-6266
https://orcid.org/0000-0002-3263-4839
http://dx.doi.org/10.3390/su12114731
http://www.mdpi.com/journal/sustainability
https://www.mdpi.com/2071-1050/12/11/4731?type=check_update&version=3


Sustainability 2020, 12, 4731 2 of 15

of the maintenance plan of public and private buildings. Certainly, drones can also be used for the
collection of information at the “enlarged” urban scale, in particular in transformation processes that
require preliminary economic assessments or aim at increasing the safety in urban spaces [5,6].

The term “drone” refers to the device that the Italian Civil Aviation Authority (ENAC) defines
as a system consisting of an aircraft (unmanned aerial vehicle—UAV) and the related components
for the control and command (control station) by a remote pilot, carrying no people on board and
being normally used for purposes other than recreation and sports. In order to provide a specific
theoretical framework to the theme, we decided to make a research on indexed databases looking for
the terms “UAV”, “maintenance” and “inspection” at the same time. The reasons for this preliminary
research are that we would like to have an overview of the scientific documents that have been written
so far. We obtained 210 outcomes; analyzing them, it is clear that this theme started to be treated
consistently since 2012 and that the largest number of these publications has been reached in 2019 with
55 documents (Figure 1). Most of the documents come from China, the United States of America and
from Italy (Figure 2). The subject area on which it has been written most is “engineering”, with 33.1%
of the published documents, followed by “computer science”, with a percentage that is about 20.5%
(Figure 3). Focusing on the engineering subject area, the article topics are from time [7], inspection of
bridges [8,9] and other hard-to-reach complex structures/infrastructures [10–12].
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The first examples and uses date back to the second half of the 19th century, in the field of
warfare in Europe (Zhou and Gheisari, 2018) [13], and for this purpose they have been produced and
improved during the 20th century. The fast technological evolution of the 2000s then gave rise to
a new market in the civil field that began to develop in a parallel way with the traditional warfare
market, with recreational, sports and professional purposes (Hallermann and Morgenthal, 2013) [14].
This sudden development of the drone’s market has brought their use in many and varied application
sectors, leading to the evolution of some professionals (Lavalle, 2016) [15] and the training of new
types of experts.

Our research focuses on building applications, showing that the visual inspections of the built-up
could be done either in a traditional way or with the UAVs and in particular, it assesses the differences of
costs between the two different techniques. By “traditional way” we mean through the use of vehicles,
equipment and methods that usually are used in the construction sector. For example, the state of
maintenance of a gutter can be detected in the traditional way using a ladder to reach it or from the
ground using a UAV. Finally, this research shows what kinds of materials and reports are drawn up,
for tracking, after the survey, in the case it is decided to do an inspection in a traditional way or with
the use of a UAV.

This paper analyses the possibility of using drones for building maintenance activities, a kind of
application which is not significantly widespread so far. The following specific literature review on the
subject will better clarify the boundaries of such application and the relevant regulatory framework.
In this paragraph the presence of a gap between rules and their actual application emerges. In fact,
the real estate assets present in the national territory are mostly composed of existing buildings
that were built before the implementation of the just mentioned laws; therefore, many situations
are non-compliant, with no background documents dealing with the overall maintenance of the
building, and no inspection programs for the different technological components belonging to the
construction. For this reason, maintenance works are often carried out after the damage has occurred,
i.e., with the urgency given by the need to restore the functionality of the corrupt component.
Therefore, the preventive inspections that should be done to verify the correct functioning of the
various technological components, are often neglected; only the controls on the heating/cooling systems
are carried out systematically, probably because, for these kinds of inspections, the responsible parties
and potential penalties are clearly identified.

According to the authors, the main cause for the lack of the buildings’ inspections is that users
do not understand how useful they are in preventing building’s component failures. Another typical
situation is the one in which, despite inspection activities being carried out, no documentation on
them remains, and therefore it is not possible to assess the loss of efficiency due to a progressive
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degradation of an element over time. Normally, when they are properly carried out, controls over
building’s components, in both public or private buildings, are performed by competent operators of
specialized companies through visual inspections and specific operations.

Literature Review

The scientific production on UAV application in the construction sector was systematically
analysed. Zhou and Gheisari’s (2018) [13] exploration of peer-reviewed bibliographic databases
offers an interesting picture of the last 10 years; a growing number of publications are identified,
and the publications are classified by Zhou and Gheisari (2018) [13] into five main topic categories:
building inspection, damage assessment, site surveying and mapping, safety inspection and progress
monitoring. Another interesting reflection comes from Li and Liu (2019) [16], whose literature review
on the topic of UAVs’ applications in construction management led them to argue that it can still be
seen as a new and innovative technology, as still relatively few research papers have been published,
while its application increased faster in recent years. Their review also confirms that UAVs are going
to play even more important roles in the future. From the observation of this potentially expanding
phenomenon, the present research aims at investigating the causes of such apparent success, specifically
in relation to the field of inspections of the built environment with UAVs, which is the most widely
discussed topic in the academic field (Figures 4 and 5).

Sustainability 2020, 12, x FOR PEER REVIEW 4 of 16 

framework. In this paragraph the presence of a gap between rules and their actual application 
emerges. In fact, the real estate assets present in the national territory are mostly composed of existing 
buildings that were built before the implementation of the just mentioned laws; therefore, many 
situations are non-compliant, with no background documents dealing with the overall maintenance 
of the building, and no inspection programs for the different technological components belonging to 
the construction. For this reason, maintenance works are often carried out after the damage has 
occurred, i.e. with the urgency given by the need to restore the functionality of the corrupt 
component. Therefore, the preventive inspections that should be done to verify the correct 
functioning of the various technological components, are often neglected; only the controls on the 
heating/cooling systems are carried out systematically, probably because, for these kinds of 
inspections, the responsible parties and potential penalties are clearly identified. 

According to the authors, the main cause for the lack of the buildings’ inspections is that users 
do not understand how useful they are in preventing building’s component failures. Another typical 
situation is the one in which, despite inspection activities being carried out, no documentation on 
them remains, and therefore it is not possible to assess the loss of efficiency due to a progressive 
degradation of an element over time. Normally, when they are properly carried out, controls over 
building’s components, in both public or private buildings, are performed by competent operators of 
specialized companies through visual inspections and specific operations. 

Literature Review 

The scientific production on UAV application in the construction sector was systematically 
analysed. Zhou and Gheisari’s (2018) [13] exploration of peer-reviewed bibliographic databases offers 
an interesting picture of the last 10 years; a growing number of publications are identified, and the 
publications are classified by Zhou and Gheisari (2018) [13] into five main topic categories: building 
inspection, damage assessment, site surveying and mapping, safety inspection and progress 
monitoring. Another interesting reflection comes from Li and Liu (2019) [16], whose literature review 
on the topic of UAVs’ applications in construction management led them to argue that it can still be 
seen as a new and innovative technology, as still relatively few research papers have been published, 
while its application increased faster in recent years. Their review also confirms that UAVs are going 
to play even more important roles in the future. From the observation of this potentially expanding 
phenomenon, the present research aims at investigating the causes of such apparent success, 
specifically in relation to the field of inspections of the built environment with UAVs, which is the 
most widely discussed topic in the academic field (Figures 4 and 5). 

 
Figure 4. Number of scientific publications on unmanned aerial vehicle (UAV) applications in 
construction. (Source: Zhou and Gheisari, 2018) [13]. 

Figure 4. Number of scientific publications on unmanned aerial vehicle (UAV) applications in
construction. (Source: Zhou and Gheisari, 2018) [13].

Sustainability 2020, 12, x FOR PEER REVIEW 5 of 16 

 
Figure 5. Number of items by type of UAV application in construction. (Source: Zhou and Gheisari, 
2018) [13]. 

Summarizing the advantages gathered from the state of the art analysis, it can be stated that they 
mainly refer to the reduction of time and costs, the increase of accessibility and the extension of the 
concept of interoperability in favor of the various operators of the sector, and, consequently, a greater 
effectiveness in carrying out the operations. This position, shared by the analyzed authors, emerges 
mostly from papers presenting real case studies, including: a description of the application context 
(industrial buildings, architectural heritage, infrastructure, residential buildings, and school 
buildings are the most common); the study of the relative difficulties and operational advantages; the 
report on the technological equipment used (UAV, camera, thermal chamber ...) and its technical 
specifications; some discussion about the accuracy of the obtained results (definition of images, point 
clouds’ compactness, processing times of the collected data, drone’s performance in relation to its 
price/weather conditions) compared to the traditional methodology.  

For example, Serrat et al. (2019) [17] propose an operational inspection sheet as part of a 
collaborative approach for the implementation of drones in visual inspections of urban facades and 
they bring out the need for studies that, in parallel, complement the experiment with more detailed 
cost and time analysis. Hallermann and Morgenthal (2013) [14] support the use of drones for 
structural inspections of large infrastructures, often hard to access, as opposed to conventional 
methods, which require the use of large under bridge units, special elevating platforms or 
scaffoldings, as well as trained operators, and involves high logistical efforts and significant 
operational and safety costs. Furthermore, the authors argue that, by using the traditional 
methodology, we end up generating a gap between the operational step — in which specialized 
workers are in charge of information acquisition — and the evaluation one — in which the charged 
engineer draws his conclusion over data he did not personally collect. Many authors, then, underline 
the advantage given by the automation of procedures. For example, Moore et al. (2018) [18] propose 
an application for the transition from a “reactive inspection approach” — maintenance operations 
brought after damage has occurred — to a “proactive” one, presenting the case of maintenance of 
university campus buildings and their HVAC components. Mauriello and Froehlich (2014) [19] claim 
the dramatic lowering of operational costs brought by the installation of thermal cameras on drones 
for the 3D-reconstruction and thermal profiling of buildings. Ferrante and Garnero (2016) [20] reflect 
about the possibility of using drone technology for cadastral activities and the possibility of 
introducing it within the procedures of Italian Cadaster conservatory. To support the purpose of this 
research, this last contribution was particularly interesting, mainly for the close examination 
proposed of the Italian context (regulatory and operational framework and characterization of the 
technological level reached in this field by the professionals involved). 

The following table summarizes the main strengths and weaknesses declared by the analyzed 
authors, in the form of a strengths, weaknesses, opportunities, and threats (SWOT) analysis (Table 
1). 

Figure 5. Number of items by type of UAV application in construction. (Source: Zhou and Gheisari,
2018) [13].



Sustainability 2020, 12, 4731 5 of 15

Summarizing the advantages gathered from the state of the art analysis, it can be stated that
they mainly refer to the reduction of time and costs, the increase of accessibility and the extension
of the concept of interoperability in favor of the various operators of the sector, and, consequently,
a greater effectiveness in carrying out the operations. This position, shared by the analyzed authors,
emerges mostly from papers presenting real case studies, including: a description of the application
context (industrial buildings, architectural heritage, infrastructure, residential buildings, and school
buildings are the most common); the study of the relative difficulties and operational advantages;
the report on the technological equipment used (UAV, camera, thermal chamber ...) and its technical
specifications; some discussion about the accuracy of the obtained results (definition of images,
point clouds’ compactness, processing times of the collected data, drone’s performance in relation to
its price/weather conditions) compared to the traditional methodology.

For example, Serrat et al. (2019) [17] propose an operational inspection sheet as part of a
collaborative approach for the implementation of drones in visual inspections of urban facades
and they bring out the need for studies that, in parallel, complement the experiment with more
detailed cost and time analysis. Hallermann and Morgenthal (2013) [14] support the use of drones
for structural inspections of large infrastructures, often hard to access, as opposed to conventional
methods, which require the use of large under bridge units, special elevating platforms or scaffoldings,
as well as trained operators, and involves high logistical efforts and significant operational and safety
costs. Furthermore, the authors argue that, by using the traditional methodology, we end up generating
a gap between the operational step—in which specialized workers are in charge of information
acquisition—and the evaluation one—in which the charged engineer draws his conclusion over data
he did not personally collect. Many authors, then, underline the advantage given by the automation
of procedures. For example, Moore et al. (2018) [18] propose an application for the transition from a
“reactive inspection approach”—maintenance operations brought after damage has occurred—to a
“proactive” one, presenting the case of maintenance of university campus buildings and their HVAC
components. Mauriello and Froehlich (2014) [19] claim the dramatic lowering of operational costs
brought by the installation of thermal cameras on drones for the 3D-reconstruction and thermal
profiling of buildings. Ferrante and Garnero (2016) [20] reflect about the possibility of using drone
technology for cadastral activities and the possibility of introducing it within the procedures of Italian
Cadaster conservatory. To support the purpose of this research, this last contribution was particularly
interesting, mainly for the close examination proposed of the Italian context (regulatory and operational
framework and characterization of the technological level reached in this field by the professionals
involved).

The following table summarizes the main strengths and weaknesses declared by the analyzed
authors, in the form of a strengths, weaknesses, opportunities, and threats (SWOT) analysis (Table 1).

Table 1. Strengths, weaknesses, opportunities, and threats (SWOT) analysis.

Strengths Weaknesses

“Inspections with the assistance of UAVs can visualize areas of a building’s exterior where
it is difficult to access or poses a safety risk to the inspector.” (Moore et al., 2018) [18]
“Collect data on otherwise impossible or difficult areas.” (Mauriello et al., 2014) [19]

Reduced battery life (10 min–30 min) resulting in frequent flight
interruptions for battery replacement (Hallermann et al.,2013) [14]

“Inspections could be conducted more frequently and faster than the traditional method.”
(Moore et al., 2018) [18] Longer times for data processing (Zhou et al., 2018) [13]

“It is possible to embed a live stream from the thermal camera onto the flight screen of the
application. This addition will give the pilot feedback from the thermal camera in real time.
This could greatly increase performance during inspection and prevent any subsequent

flights if any significant damage is found with the thermal images.” (Moore et al., 2018) [18]

“Dramatically lowering the cost of data collection through automation.” (Mauriello et al.,
2014) [19]

Opportunities Threats

“It would be necessary to complement the experiment with a more detailed cost and time
analyses.” (Serrat et al., 2019) [17]

Restrictions on professional activity—Restrictive ENAC regulation
on flight procedures. (Ferrante et al., 2016) [20]

“Rooftop inspections using human inspectors is not always a viable option depending
upon the type of building and damage.” . . . “In inspections of buildings with no rooftop
access, human inspectors use ladders to reach the inspection area, which is a significant

safety risk to inspectors.” (Moore et al., 2018) [18]

Automatic flight termination systems (to meet safety requirements)
are not yet optimal and would require technological advancement.

(Zhou et al., 2018) [13]
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With regard to the design and planning of the maintenance activities to be carried out during
a building’s life-cycle, the mandatory regulation imposes different requirements, depending on
whether it is a public or private asset, or both. In order to conclude a relevant literature review,
an operational-based summary of the complex Italian system of requirements regarding maintenance
documents has been done.

Legislative Decree no. 81 of 9 April 2008, as amended and supplemented, the “Consolidated
Text on health and safety at work”, b) letter, Article 91, requires that the coordinator for design,
whether public or private, draws up not only the safety plan of the work, but also a document suitable
for building’s technical description, the building file. The latter is divided into three chapters and,
in particular, in the second one, the regulation requires the identification of the risks, the preventive
and protective measures that should be endowed with the building, as well as the auxiliary ones,
for the subsequent foreseeable interventions on the same building, such as ordinary and extraordinary
maintenance, and for the other subsequent interventions already scheduled. This file is drafted during
the design stage and may be subject to modification during the execution stage, according to the actual
evolution of the works. The customer must keep it updated over time, with all incurred changes.
In case it is necessary to undertake renovation work on existing buildings, which are already endowed
with a building file, and in case the designation of a design coordinator is required, this one is the
professional in charge of updating the above-mentioned document [21].

The building file, if present, must also be coordinated with the maintenance plan for the building
and its components. Indeed, the Presidential Decree no. 207 of 5 October 2010, as amended and
supplemented, the “Regulation for the execution and implementation of Legislative Decree No 163
of 12 April 2006”, requires this document to be provided only for public works. This regulation,
in the articles still in force, and in particular with article 38, provides that, for new public works,
the maintenance plan must be drawn up in accordance, and as an attachment to the executive project,
and it must consist of: the user manual, the maintenance manual and the maintenance program [22].

Finally, with regard to the load-bearing structures of buildings, both public and private, Circular no.
7 of the Superior Council of Public Works of 21 January 2019 provides (paragraph 10.1) that the structural
executive plan must be accompanied, among other documents, by the maintenance plan. This must
provide the plan and schedule for the maintenance activity, taking into account the executive design
documents of the entire work, in order to ensure over time functionality, quality characteristics,
efficiency and economic value of the completed construction. This plan, coordinated with the general
construction plan (if existing) consists of a user manual, a maintenance manual and a maintenance
program for the structures [23].

2. Research Methods

A recent publication by a national research institute [2,24] shows how much Italy has invested in
ordinary and extraordinary maintenance of bridges, viaducts, roads, tunnels and buildings between
2010 and 2018. The amount is 8 billion euro per year. Italy is a country in which the built heritage
is old and shows signs of aging (even early), so it is clear that maintenance costs can increase year
after year. According to the above-mentioned report, 58.7% of the buildings, or 7.2 million, are over
50 years old and 24% of these have poor or very poor health. Investments in new buildings are not
comforting either: in the last nine years 50% of private constructions and 34% of public works have
suffered unexpected declines [2].

In order to encourage both the fulfillment of these activities and the drafting of the relevant
final report, in the present application it has been assumed to separate the technological components’
inspection from the visual ones, and to perform all of them by means of a UAV.

In this way, the visual controls over the building’s envelope could be carried out in a single
inspection operation, carried out by an expert in the construction sector who is qualified to pilot
drones. Once the UAV-aided visual inspection is completed, it is also assumed that the commissioner
can choose between four different levels of output options, depending on the analyses carried out by
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the expert on the photogrammetric material resulting from the inspection. However, even though
all four levels provide for the restitution of photographs and videos obtained with the UAV during
a single mission, they differ by the amount of measurement operations carried out by a dedicated
desk job following the onsite survey. Indeed, some basic operations of measurement and numerical
estimation of the surfaces on which maintenance operations are needed, are provided directly from the
photos in level 1. Summarizing the four options, with the first one (#1) no further quantitative analysis
will be carried out after the inspection; with the second one (#2) up to 25% of the material obtained
will be analyzed; with the third one (#3) up to 50% will be analyzed; finally, with the fourth (#4) a
complete qualitative-quantitative analysis will be carried out, i.e., it will be systematically analyze
up to 100% of the material. The aim of this work is to highlight the differences between the costs of
visual inspections carried out in the traditional way, i.e., through the use of manpower and means
necessary to ensure accessibility to all components of the outer shell (lift baskets, mobile scaffolding,
etc.), and those carried out by a professional using a UAV. These differences are empirically derived
from a case study, represented by a real maintenance plan analysis. In particular, we focused on
inspection costs, by calculating the overall expenditures of those operations that can be carried out by
visual investigation. In this way, we were able to compare them with those that can be carried out
through a UAV. Finally, the different options were compared, with the aim to highlight the differences
between the costs and, above all, the degrees of quantitative analysis of each operation.

Case Study

In order to carry out the above-mentioned analyses, the case study presented in a previous research
(Rebaudengo and Piantanida, 2018) [25], always on the maintenance subject, was used. It consists of a
private office building of about 2500 square meters, located in Turin, composed of a basement and five
floors; the green roof is accessible only for maintenance operations by means of a specially prepared
trapdoor. It is an isolated building in a consolidated urban context. There is no sensitive infrastructure
nearby, so we can assume that the drone’s flight can be authorised. Moreover, in order to safely carry
out these maintenance operations, there is a lifeline along the edge of the roof. The special feature
of the building is the facade overlooking the contiguous road; this facade is composed of backward
terraces, consisting of real vases, called “flowerpots” in the maintenance plan. This system is possible
thanks to the material and to the technology used for the load-bearing structures, i.e., through the
means of reinforced concrete bearing elements that step backward with the increasing of the height
of each floor. On the elevation facing the road, south-oriented, appropriate sliding sun screens are
designed, which are composed of some adjustable photovoltaic elements. The elevation overlooking
the courtyard is less articulated than the previous one and has only one projection given by the vertical
distribution compartment: this facade is ventilated and covered with Alucobond and aluminum layers.

In the interior of the building, the air conditioning system is ensured by fan coils, i.e., terminals of
the system that use an air-water heat pump as a generator. As far as the air exchange is concerned,
no system is provided, thus entrusting it to infiltration and exfiltration through windows and doors.
The rainwater disposal system consists of gutters and drainpipes that convey the water to the ground,
where, through a system of pipes, it is directed to appropriate disposal tanks; the same function is
performed by the grids and the manholes located on the driveway and on the courtyard.

3. Results and Discussion

The maintenance plan of the case study consists of 43 categories for which there are foreseen
appropriate inspection and maintenance operations. For the analysis, only the part concerning
inspection operations (IO) was considered, differentiating between: inspections that can be carried out
only in a visual way (VI) and inspections that require additional operations, such as the disassembly
of a component in order to view the layer below. Together, these two inspection ways constitute the
traditional complete inspection (T-CI). We decided to split up all maintenance operations because we
wanted to compare the costs of visual checks when they are carried out in the traditional way (T-VI)
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and when they are carried out using a drone (UAV-VI). By examining the elements that made up the
plan, we selected only those for which it is possible to carry out, at least in part, VI operations, for a
total of 17 out of 43 items. For each of them, we estimated the VIs percentage of incidence related to
traditional inspections; thus, showing that they are about the 22% of the total (Table 2).

Table 2. Building elements for which it is possible to split-up the costs relating to visual inspection
operations only from those for full inspection.

Elements T-CI
costs [€]

VI
percentage rates [%]

T-VI
costs [€]

Alucobond coating 25.73 50 12.86
Aluminium coating 25.73 50 12.86

Joinery on the flowerpots side 9.90 25 2.48
Joinery 9.90 25 2.48

Sliding sun screens on the flowerpots side 32.16 25 8.04
Sliding sun screens 32.16 25 8.04

Ventilated walls facing the street and the backyard 2.86 50 1.43
Ventilated walls in Alucobond 2.86 50 1.43

Glazed facades 1.70 25 0.43
Porphyry baseboards 5.72 100 5.72

External porphyry flooring 4.28 100 4.28
Roof garden 23.86 30 7.16

Flat roof railing 10.97 100 10.97
Gutters and rainwater 40.01 100 40.01

Water outlet grids 40.02 50 20.01
Waterproofing layer 11.50 60 6.90

Flowerpots 16.46 100 16.46

VI percentage mean - 22 -

Net cost + Company’s profits + business overheads 295.82 - 161.55

(T-CI = traditional complete inspection); VI = inspection that can only be carried out in a visual way; T-VI = visual
checks when carried out in the traditional way).

The cost of the 43 element T-CIs is about € 680.00, which is the labour-related value, the freight and
transport costs, incremented by the business profits and the general business expenses. For the T-VI,
from the previously calculated percentage weights, we estimated an expenditure of about 162.00 €,
i.e., 24% of the total costs (43 elements). No documentation of these inspections remains after the
survey, since no output documents are drawn up at the end of the inspection. The same VIs can also be
carried out with a UAV, but in this case, the cost estimation cannot be defined with a price list, as these
operations only now begin to appear on the market. Therefore, some market surveys were carried
out in order to determine the general cost. Among the initial costs that a professional must bear once
decided to start carrying out UAV-VI, we identified: the costs of ENAC-approved training courses,
including those for medical examinations and those for the qualification exam; the costs of purchasing
a UAV and the authentication to ENAC; the costs of purchasing a PC with sufficient characteristics for
the subsequent analysis operations. An amortization rate of 20% per annum was applied to the sum of
these costs over a period of 5 years. In addition, each year additional operational cost will be incurred
for the renewal of the UAV’s insurance and of the license of the photogrammetric program for carrying
out the operations of quantitative estimation of the damaged portions of the elements (Tables 3 and 4).

Prudentially, we estimated that a professional uses about 30% of his working time to carry out
inspection operations by a UAV, for a total of 80 days a year. From these hypotheses, developing
an evaluation over a period of five years, it was possible to calculate an hourly average cost that is
about 9.50 €; that will go under the item named “equipment amortization”. To carry out the UAV-VI,
two operators are always necessary: the professional who does the inspection and a collaborator who
monitors the UAV during the flight with the aim of minimizing the risk of any collisions with objects
of various kinds. The hourly rate of the two operators, net of value-added tax (VAT), was estimated at
60.00 € for the professional and 30.00 € for the employee; the values come, once again, from a local
professionals’ market survey. For the inspection of a facade of a small-medium sized building (5–10
above ground floors) an actual flight time of the UAV between 10 and 20 min is estimated.
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Table 3. Initial investment costs list.

Elements Costs *
[€]

Medical examination 150.00
Foundation course 500.00

ENAC practical examination 150.00
Critical operations course 680.00

ENAC practical examination 150.00
UAV authentication 244.00

Mavic 2 Pro + Fly more kit 1898.00
Personal Computer 1441.59

Total amount 5213.59

* data from market surveys.

Table 4. Operating costs list.

Elements Costs *
[€/year]

Costs *
[€/(5 years)]

Insurance 500.00 -
Pix 4D mapper 3990.00 -

Flight licence renewal - 350.00
Total amount 4490.00 350.00

* data from market surveys.

Therefore, due to our case study’s features, we assumed that the two operators could work on this
for about an hour, also including the time needed for their shift to the site of the UAV mission. Indeed,
in the hypothesis that the surveyor starts from the center of Turin they can reach between 30 min and
1 h of time almost all the places in a range of 50 km (Figure 6).
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Once the survey and the inspection operations have been completed, as it is shown above,
the client will be able to choose between four different options for qualitative and quantitative analysis
of the digital material obtained during the survey. The different options correspond to different
post-production times. Not considering option #1, for which no complex measurement operations are
foreseen after the survey, it is estimated that option #2 requires 2.5 h of analysis, option #3 requires
4.5 h and finally option #4 requires 9 h. It is also believed that these analysis times are equally shared
between the professional and the co-worker. From considering freight, transport, and manpower costs,
in dependency on the time required for the various operations, the technical costs of the controls have
been obtained. Adding to the latter the company’s profits and the business overheads, the total costs
of the four options have been determined (Tables 5–8).

Table 5. Price analysis for option #1.

Elements Units Co-Worker Professional Total

Manpower n◦ 1.00 1.00 2.00
Inspection time H 1.00 1.00 2.00

Postproduction analyses time H 0.00 0.00 0.00
Hourly fee € 36.60 73.20 109.80

Manpower cost (inspection) € 36.60 73.20 109.80
Manpower cost (postproduction analyses) € 0.00 0.00 0.00

Equipment amortization € 9.50 9.50 19.00
Net cost € 46.10 82.70 128.80

Total amount (with business overheads) € 57.30 102.80 160.10

Table 6. Price analysis for option #2.

Elements Units Co-Worker Professional Total

Manpower n◦ 1.00 1.00 2.00
Inspection time H 1.00 1.00 2.00

Postproduction analyses time H 1.13 1.13 2.25
Hourly fee € 36.60 73.20 109.80

Manpower cost (inspection) € 36.60 73.20 109.80
Manpower cost (postproduction analyses) € 41.18 82.35 123.53

Equipment amortization € 9.50 9.50 19.00
Net cost € 87.28 165.05 252.33

Total amount (with business overheads) € 108.48 205.16 313.64

Table 7. Price analysis for option #3.

Elements Units Co-worker Professional Total

Manpower n◦ 1.00 1.00 2.00
Inspection time H 1.00 1.00 2.00

Postproduction analyses time H 2.25 2.25 4.50
Hourly fee € 36.60 73.20 109.80

Manpower cost (inspection) € 36.60 73.20 109.80
Manpower cost (postproduction analyses) € 82.35 164.70 247.05

Equipment amortization € 9.50 9.50 19.00
Net cost € 128.45 247.40 375.85

Total amount (with business overheads) € 159.66 307.52 467.18
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Table 8. Price analysis for option #4.

Elements Units Co-Worker Professional Total

Manpower n◦ 1.00 1.00 2.00
Inspection time H 1.00 1.00 2.00

Postproduction analyses time H 4.50 4.50 9.00
Hourly fee € 36.60 73.20 109.80

Manpower cost (inspection) € 36.60 73.20 109.80
Manpower cost (postproduction analyses) € 164.70 329.40 494.10

Equipment amortization € 9.50 9.50 19.00
Net cost € 210.80 412.10 622.90

Total amount (with business overheads) € 262.02 512.24 774.26

Summarizing the findings of the of the different options, it is possible to highlight how the times
and costs change considerably according to what the client intends to obtain from such operations.
As reported in Table 9 the costs of T-VI and UAV-VI are comparable and have the same order of
magnitude, while options #2, #3, and #4 have higher costs. However, only if inspections are carried out
by means of UAV will it be possible to achieve technical documentations from the survey operation, i.e.,
photographic and video material; moreover, only in such cases will it be possible to obtain quantitative
measurements of the surfaces of the elements that need maintenance operations.

Table 9. Summary comparison table.

T-CI T-VI UAV-VI
O. #1

UAV-VI
O. #2

UAV-VI
O. #3

UAV-VI
O. #4

Times [h] 12.15 0.93 2.00 4.25 6.50 11.00
Costs [€] 678.58 161.55 160.10 313.64 467.18 774.26

Photos – Videos NO NO YES YES YES YES
Report NO NO NO YES YES YES

The simulations assumed so far are derived from a survey that was carried out by a real estate
company to detect the state of maintenance of a building in the outskirts of Turin (Figures 7 and 8).
Using a drone, a series of photographs was collected that allowed the designers to understand the
real state of the roof and of the facades. The survey was conducted before the renovation works
by three workers (an architect, a surveyor and a worker) and it took about three hours on the field,
also including the time to reach the area. The post-production time was about 50 min and it consisted
only in the analysis of the photograms and of the video. As far as economic data are concerned,
it was not possible to divide them by the global costs of the renovation design service. Nevertheless,
these inspection data were very useful to determine the time of the options above hypothesized
(Table 10).

Table 10. Summary of inspection data.

Elements Units Co-Worker Professional Total

Manpower n◦ 1.00 2.00 3.00
Inspection time h 3.00 3.00 9.00

Postproduction analyses time h 0 1 1
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4. Conclusions and Research Future Developments

The purpose of this article was to empirically test the economic and general advantage (documental
availability about the facility state), obtainable from the use of the drones in the field of maintenance
of the built environment, in particular its potential role for visual inspections. Despite the fact that
many scientific articles support the topic under analysis, as it is shown in the state of art, up to now the
subject has never been studied in depth from the economic perspective—at least in the most recent
literature, to the knowledge of the authors. Indeed, any analysis of precise data referring to a case
study that aims to verify the actual economic convenience of using a drone for buildings’ inspections
was not found.
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The research aims to empower inhabitants, owners, workers, professionals, property
administrators, etc. on the positive effects of preventive maintenance by providing an economic
perspective on the topic. In particular, our intended purpose was to show how investing in the latest
technological innovation of this field (UAV-aided scheduled maintenance), actually implies low costs
in relation to the general perception surrounding preventive maintenance actions, and with respect to
the great amount of data that can be derived from this kind of operations.

This study’s main limitation, in the achievement of the stated goal of increasing responsibility by
unveiling the economic aspect of scheduled maintenance, lies in its theoretical nature. Consequently,
in order to provide it with a stronger empirical grounding extracting actual information about
building’s maintenance costs, a test, consisting of application, monitoring and evaluation applied to a
reliable period of time and a consistent number of units, would be required.

It is clear the advantage of the operators (involved company and professionals shown in Figure 9),
who are finally in the best working conditions: having available, in digital format, the building
materials. Less positive effects are perceived by the building manager (a more complete operator
who, with the systematic data archive, favors more rapid alternations without loss of information)
and even more by the owner, the only one involved in the new expenditure. In order to improve the
diffusion of good practices promoted by this research, it is necessary, however, to test our assumptions
on two similar buildings, in order to verify the economic savings in terms of future maintenance and
the related cost of technical services. Moving on in this way to the urban scale, step by step, it could
“indirectly” provide information to the public space as well.Sustainability 2020, 12, x FOR PEER REVIEW 14 of 16 
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Figure 9. Cost-effectiveness perception of involved stakeholders.

The authors have used SWOT analysis as a methodology for a preliminary approach to the
problem. It allowed an effective synthesis of the advantages and disadvantages deriving from such
implementation. If we consider, for extraordinary maintenance, an average annual expenditure per
building of about 4300 € [27], it is possible to note that the average cost of visual checks is between
4–18% of this expenditure, depending on the method by which they are carried out. Moreover, if the
visual inspection with a drone was performed annually it could be assimilated to the activities referred
to in option 1, with a significant reduction of the cost incidence (less than 4% of the annual expenditure).
Currently, the most evident critical points concern the flight authorization phases and the limitation to
visual inspections which are only a part of the preliminary maintenance operations.

A future development of this work could be the application of the same economic analysis on
buildings with different uses (infrastructure, factories, cultural heritage, disused industrial areas) or
facade technical solutions [28] to discover the most advantageous field of application. Other possible
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developments could be the inspection of full areas at the same time, or the realization of automatic
inspection methods using automatic UAV flight routes.

In addition, a reverse research could be carried out which, starting from a—case study,
will determine the parameters which most influence the economic benefit of professionals and
which are the obstacles of the transition from traditional to UAV-based procedures. Lastly, with the
data collected by the UAV’s survey, a digital model of the city could be created [29], which could
be used—on a building scale—by asset or building managers or—on an urban scale—by local
authorities and administrations, in order to have an overview of the continuous transformations of the
built environment.
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