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Abstract. Current building management standards demand that
construction waste management occurs in the planning phase. Received
This paper presents the development of a plug-in as a BIM tool to Octuber 5, 2021
predict waste generation. As a research strategy, the plug-in was
applied to a single-family housing project, the respective
construction wastes were predicted in the BIM technology and
compared to the literature. Through waste generation indexes, Released
some planning indicators were calculated. The identified wastes December 31, 2021
were automatically classified, and a management structure was
designed. The study showed that the best results are obtained
when the construction waste is estimated from Actual Built
Volume instead of Apparent Constructed Volume like the
traditional models uses. In conclusion, adopting a plug-in do
predict construction waste has proved to be advantageous. A
specific advantage of the proposed method is that the plug-in user
may adopt their waste generation indexes according to the
regional and the production team aspects. The adoption of a plug-
in made the acquisition and processing of data fast and versatile.
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Resumo. Plugin para quantificacdo de residuos de construcio
civil em ambiente BIM. Os padrdes atuais de gestdo das
construcdes exigem que o planejamento para a gestdo dos 0000-0002-3985-755X
residuos de construgdo ocorra na fase de projeto dos André Nagalli
empreendimentos. Este artigo apresenta o desenvolvimento de | © 0000-0002-3624-8708
. .1 . . Luna Ollin Steffen de
um plugin a ser utilizado em ambiente BIM para predicido da Oliveira
geracdo de residuos de construcdo. Como estratégia de pesquisa,

. . . . o . i 0000-0002-5684-6246
o plugin foi aplicado a um projeto habitacional unifamiliar, os Annelise Nairne

respectivos residuos de construcdo foram previstos na tecnologia Schamne
BIM e comparados a literatura. Por meio de indices de geracao de 0000-0001-7253-8748
residuos foram calculados alguns indicadores de planejamento. Brunno Pereira Barros
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Os residuos identificados foram automaticamente classificados, e 0000-0003-3831-4411
uma estrutura de gerenciamento de residuos foi projetada. O Hugo Demay
estudo mostrou que os melhores resultados sdo obtidos quando Hochleitner

os residuos de construgdo sio estimados a partir do Volume Real | © 0000-0001-9098-5461
Construido em vez do Volume Construido Aparente, como os glﬁizlfrz]asmr de
modelos tradicionais utilizam. Em conclusdo, a ado¢do de um

plug-in para estimativa dos residuos de constru¢do mostrou-se
vantajosa. Uma vantagem especifica do método proposto é que o
usudrio do plugin pode personalizar seus préprios indices de
geracdo de residuos de acordo com os aspectos regionais e
construtivos/produtivos. A adocdo de um plugin tornou a
aquisicao e processamento de dados rapida e versatil.

Palavras-chave: Residuos de construcdo e demolicdo; Estimativa
de residuos; Modelagem da informacao da construcao.

Introduction

The construction of new buildings brings the challenge of reconciling profitability
and sustainability stimulating waste management technics, looking for a leaner
construction. This requires not only control during execution but also an investment in
planning during the design phase. Building Information Modeling (BIM) has been
increasingly used in building planning and management, and its use tends to be bigger and
bigger.

Considering the dynamics of calculations of amounts of materials that the BIM
allows, it is appropriate to apply it to the calculation of subsidiary planning parameters.
Among these parameters, researchers have shown potential for application of this tool to
the calculation of amounts of construction waste (Won and Cheng, 2017), of carbon
emitted by construction materials (Mousa et al., 2016; Xu et al,, 2019), of energy efficiency
(Beazley et al,, 2017) and of evaluating environmental impacts (Najjar et al., 2017; Shi and
Xu, 2021). Research (Liu et al., 2015; Won et al,, 2016; Abanda et al,, 2017) involving BIM
and construction waste have evaluated the effects of the design process on the generation
of construction waste.

However, the process of evaluation and data management using BIM is usually
manual and laborious for secondary parameters as waste. Thus, automate the process of
acquiring this information is useful. In this context, this work aims to develop a plug-in to
automate the quantification of construction waste through the BIM system in Autodesk
Revit software, which is one of the most used BIM software.

Literature review

Construction and demolition waste

The construction and demolition waste (CDW) are those from new constructions,
restorations, renovations and demolitions of buildings, as well as roads, bridges and any
other infrastructure, from all areas of construction (Poon et al., 2001; Cochran et al., 2007;
Kofoworola and Gheewala, 2009; Cheng and Ma, 2013). It is observed that, in recent years,
the generation of construction waste is significant due to the intensification of
construction activities (Guerra et al., 2019).

Because it is a complex process, dependent on variables associated with the
productivity of work teams, construction or demolition processes, it is usual to represent
the phenomenon of the generation of construction waste through generation rates.
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Scientific research has shown that the generation of CDW is strongly impacted by
decisions that occur during work planning or in pre-construction activities (Akinade et al,,
2018).

However, the use of waste management software (such as SMARTWaste,
NETWaste, DoWT-B) has not been effective, and has not acted in minimizing these
(Osmani et al.,, 2008; Akinade et al., 2018). It is observed in the literature that there is a
consensus in stating that designers have an important role in reducing the amount of
waste, since they control the building project design. However, minimization and waste
management are not usually a priority for designers and architects (Osmani et al., 2008).

Some factors which affect the waste generation are: the organization and cleaning
of the construction site, the presence of a quality control system, the professional
experience of workers, the acquisition of materials in excessive quantities that generate
leftovers, the loss of materials due to theft or loss, the changes in the project or technical
specifications and the constructive process losses (Innes, 2004; Ahankoob et al., 2012; Liu
et al., 2015). The lack of detailed information about types of materials, volume generated
during construction, and disposal makes planning difficult, decreasing the recycled CDW.
This creates unnecessary disruption and expenses, which could be avoided by correctly
planning and quantifying waste in the design phase (Cheng and Ma, 2013; Abdelhamid,
2014).

The amount of CDW can be estimated based on financial amount of CDW activity
(Yost and Halstead, 1996; Cochran et al,, 2007; Bergsdal et al,, 2007, Masudi et al., 2012);
material life cycle (Cochran and Townsend, 2010) or surface area (Lage et al., 2010;
Masudi et al., 2012). In the building sites, specifically, the CDW estimation can be based on
the built-up area (Jalali, 2007; Cheng and Ma, 2013); physical occupation of space (Lau et
al,, 2008; Cheng and Ma, 2013) or apparent volume of CDW (Solis-Guzman et al., 2009).
The quantification methods described in the literature have different degrees of limitation,
most of them are linked to regional data or require constant updates. The difficulty in
compiling CDW generation data results from the lack of cooperation between the entities
and agencies responsible for the construction industry and waste disposal of each
country/region (Wu et al,, 2014).

Guerra et al. (2019) developed algorithms to quantify concrete and drywall
residues from a case study. The algorithms developed by the authors are characterized by:
i) the use of only linear equations; ii) BIM-based QTO; iii) project purchase records. They
can be used for project-level estimates, with the advantage of automating the process. The
research results were validated by the authors by means of real data, based on transport
control forms. The research demonstrated that the concrete residues varied by 11%
between the predicted and measured (real) quantities, having attributed the fact to
several factors (Guerra et al,, 2019).

BIM technology as a support tool

The search for more sustainable buildings is growing in the construction market,
not only for adding environmental performance, but also for impacting property
acquisition and use of buildings, with relevance to what happens throughout the
construction cycle. The search for a more efficient construction management, through the
use of Building Information Modeling (BIM), requires that more sustainable buildings
include environmental management in this process, considering environmental factors,
including construction waste, throughout the entire cycle construction life, in an analysis
of the cradle to the grave. Although the most common is the analysis of the issue related to
construction, one cannot fail to consider the relevance of waste from demolition or
deconstruction processes. Green BIM, so named in the literature, has been extensively
studied in the past two years, having presented publications in quantities that increase in
exponential behavior (Mueller et al., 2019).

Rev. Bras. Gest. Amb. Sustent., 2021, vol. 8, n. 20, p. 1587-1605.



1608 Nagalli et al.

BIM facilitates alignment of stakeholders and their actions toward higher
precision, reliability, and efficiency in the representation and control of material flows in
the built environment (Koutamanis, 2020). As the main contributions of BIM, Koutamanis
(2020) observed: i) Identification and localization of resources in building elements; ii)
estimation of the quality, quantity, and context of resources in a building, and; iii) planning
of resource extraction in the framework of regular construction or demolition activities
(hence also integration of waste processing in these activities).

The BIM application for environmental purpose is not yet a consensus in the
literature (Lu et al., 2017b). The subjectivities intrinsic to the environmental analysis
process make it difficult for researchers to parameterize pragmatic environmental
solutions. However, several attempts (energy, greenhouse gas emissions, waste) are used
to use BIM for environmental and environmental management purposes.

The value derived from complying with the evolving BIM protocol is not uniform
across the construction sector (Burt and Purver, 2014). However, BIM is used as a source
for conceptual and executive planning, design compatibility and it supports processes and
phases throughout the construction lifecycle, allowing the addition of tools to control the
generation of waste at the construction site (Eastman et al. 2010; Lu et al,, 2017a). BIM
technology is especially used to improve detailing, detection of incompatibilities between
projects and failures (Hardin and McCool, 2015), visualization and simulation of scenarios
(Eastman et al., 2011), as well as improving coordination and communication among
different professionals (Krygiel and Nies, 2008). Shi and Xu (2021) recommended full use
of Revit to avoid BIM application barriers.

Considering the generation of 3-D digital simulations by BIM, which are
automatically updated when the project is changed, there is a powerful instrument for
acquiring data and information that is used to manage project costs, executive project
monitoring, volumes of materials, schedule, but which can be taken as a basis for the
management and estimation of CDW (Akinade et al.,, 2018; Xu et al,, 2019).

In the literature, several BIM applications have been observed in recent years to
simulate the energy performance of buildings, to the analysis of lighting / sunlight and
even to the question of CDW. Tools in a BIM environment have been proposed in the
literature to incorporate environmental sustainability aspects to be assessed throughout
the building's use cycle (Lu et al., 2017b). Although the potential for using the BIM
environment for CDW management is documented in the literature, there are still no tools
capable of satisfactorily resolving the issue (Akinade et al., 2018).

Authors such as Lu et al. (2017a) and Cheng and Ma (2013) sought to use BIM
concepts to estimate the volume of waste generated in construction, applying them
specifically to the design phase. The use of BIM in the CDW quantification allows more
flexibility and autonomy for the constructors, allowing each project to have a specific
estimate according to the materials that will be effectively used (Cheng and Ma, 2013). It
also allows the inclusion of arguments for each of the materials or objects, allowing
specifying, in the design phase, the waste generation index of each one of the enterprise's
components. This process is a cooperative virtual arrangement that brings together
professionals from different disciplines, ensuring that the aggregate knowledge of each is
integrated into a single data source (Eastman et al., 2011).

Most of the tools that integrate the BIM technology have resources that allow
adaptation according to the customer's needs. One of these features is the "plug-in", which
improves the productivity and efficiency of the user, making their work more competitive
in the market, as described by Davis and Peters (2013), Ma et al. (2016) and Bueno and
Fabricio (2018). The goal in developing plug-ins is to extend the functionality of the
existing BIM software products, as approached by Bilal et al. (2016), to incorporate
versatile and complete building waste prediction and minimization tools.
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By enabling BIM to extract data on construction materials, it is possible to
accurately predict types and quantities of CDWs. In this way, the implementation of BIM
can assist in greater environmental performance of buildings (Mueller et al., 2019). In this
research, BIM technology is used as a three-dimensional perspective of interactive and
collaborative real-time communication, with the potential to assist project participants in
minimizing CDW at all stages of the construction lifecycle, improving the constructive
performance (Sacks et al., 2010; Liu et al., 2011).

Research method

Architectural parameters

Through a case study of a single-family housing unit, it was developed a plug-in for
the automation of acquiring and compiling data from construction waste. The research
began with the implementation of the project of the single-family housing unit in program
Autodesk Revit®. The characteristics of this housing unit are presented in Table 1. The
authors proposed the layout of the rooms, to reflect the reality of a standard Brazilian
housing.

Table 1. Description of room areas.

Room Area (m?)
Living room 12.09
Kitchen 3.91
Bathroom 2.42
Bedroom 1 8.66
Bedroom 2 7.36
Laundry service 4.47
Balcony 3.57
Internal area 41.47
Total built area 49.51

The architectural design included walls of 20 and 15 cm in width, being
respectively external and internal closures. The final wall thickness includes the width of
the masonry, finish and coatings. The doors and windows were provided with
standardized dimensions. The roof was considered with ceramic tile and ceiling lining
with a thickness of 2 cm. The model took shape with the structural design of reinforced
concrete, in which the column and beams were executed with stirrups every 15 cm and
rebar ranging from 4.2 mm to 10 mm in diameter. The foundation was made of piles in
conjunction with the strap footing and the concrete slab was executed with steel mesh.

BIM tool creation

From the projects detailed by the Autodesk Revit® the plug-in was applied,
performing a study on the generation of solid waste in the modelling residence. The
quantification of materials and the modelling were performed in Revit® that allows the
entry of parameters into different objects and materials and the use of applications such as
Dynamo® and extensions such as Excel®.

The construction of the BIM tool started with Dynamo®, in which was used to
create a visual programming interface to customize your workflow to make it easier to
analyze solutions. Visual Studio® program was applied to insert the plug-in at BIM with a
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new Menu created with specific buttons for each project element. These buttons allow
inserting parameters and making necessary calculations from the amount of materials
obtained through Autodesk Revit®. Excel® complements BIM's functionality by handling
the parameterized data obtained from Autodesk Revit® and the created plug-in from
Visual Studio®. The data provided by the plug-in is transmitted to Excel® through the
Dynamo® application and has the function of refining these processed data, creating
graphs and tables.

Plug-in development

With the creation of the plug-in, it is possible to compile the information provided
by the 3D model of the residence and to perform simple equations. Using the C# (Sharp)
language, it was created a parameter called Waste Generation Index (WGI) to be assigned
to each element of the project and result in the quantity of material waste generated and
the total volume of such waste. By creating an Addin file, developed from the "solution
manager"” tool, you can start running the plug-in. A new menu, created through Visual
Studio®, was insert in Revit® buttons allow to insert WGI parameters into each project
element. The Figure 1 shows how the process of extracting data works.

O *a

Waste index menu @

o : Window
LA E B = &
Door  Window wal Fban’Shb ce*‘g RW‘ ..............................................
I ArhRa e e aek : Waste Generation Index - Window (m?/m3) :

: Waste Generated - Window (m?)

b | . * ) DN Ccccrerererssrsrerespusssssssaserssessassaseane
Columns Beams Foundations Rebars * '

Add Structure waste ndex

Revit to Excel.xIsx W2 DashBoard.xlsm

Figure 1. Directional flow of construction waste and its extraction process, archiving and
processing of data. Font: The authors

As a plug-in validation strategy, it was used the WGI values proposed by
Solis-Guzman et al. (2009) and the results of waste amount were compared. This model is
based on the Apparent Constructed Volume (VAC), while in BIM the calculation basis is the
Actual Built Volume (VRC).

With the elements already separated and their respective WGI’s inserted a
database was created with Dynamo®. The workflow automatically appears in
spreadsheets in Excel®.

Some columns can be added from these data to transform the quantitative results
into standard units (m? m?3 kg) for use in waste management processes. Some
information is relevant in volume, others in bulk, so material density information may be
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required to calculate the weight of the material. The additional columns have equations to
obtain the information related to the expected results and data for carrying out unit
transformations. In the column related to the amount calculation of waste is used Equation

(D).

Wp; = QDi'LDi (1)

In Equation (1) the generated waste (WDi) is equal to the multiplication between
the amount of material of an element (QDi) by the residue generation index (LD1i). For the
calculation of the number of trucks or buckets are used Equations 2 and 3, where VTinert
is the volume of total inert waste (m®); VTn-inert is the total volume of non-inert waste
(m3); Vtruck is the volumetric capacity of the truck (m?).

_ VTinert
Ninert‘ v (2)
truck
_ VTn-inert 3
n-inert ~ y._ (3)

Results and discussions

All the steps described resulted in the BIM interface, within Revit®, according to
Figure 2.

R
8 0B =

Door Window Wal Floor/Skb Celing Roof  Columns Beams Foundations Rebars

Case of single-famiy habization

v | ipe a keyword orphvase AR S5 fx 8. signn- R @ - O X
0| waste | Modfy |Windows | Gy .

Add Architecture waste ndex Add Structure waste ndex
Properties x
Casement wndow 3x3 -
0915 x 1000mm
Windows (1) ~ B8 Ede Type
Constraints £
Level
Sil Height 100,00 |
Identity Data &
Image
Comments
Mark B
Phasing #
Phase Created Phase 1
Phase Demolshed None
Others ®
Head Height 200,00 1
Waste Generation Index - Window (m®/m?) 0,05000
Waste Generated - Window (m?*) 0,04575
Proserties help
Project Browser - Case of sngle-famiy vt ®
i - Fioor Plans -
7 Cedng Pans
30 Views N
'?'_F-Iol‘ o 100 BRI GRANGER I REGOSE < >
Cick to selact. TAB for akemates. CTRL adds. SHIFT unselects. e Z0 BEA 4. 8= B S BT B

Figure 2. Example application plug-in in Revit ® interface on the case study, showing the new
commands entered (new tab and buttons of calculations and updates of indicators).
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In the plug-in, the WGI parameters were entered through the "Waste" menu. The
"Waste Generated" value was calculated by running Dynamo®, which is accessed through
the "Management" menu. The results were exported to Excel® containing each element in
a different spreadsheet, with the category, type, unit of measure, WGI and the waste
generated by each element. After this process, a final spreadsheet was created through the
plug-in with refined data, as shown in Figure 3.

(uantitative Waste in a Residence Thursday. June 25th, 2017 (2-0957

[ e _ ww e e oaw Loow o iaa Yl (a7t Wt
1k

2,346 m*

Built ® Waste Generated

Number of Buckets

Volume of Waste per Class
| -Class A

EEE
[ 0Mm m
0 000 m
IV -ClassD

Figure 3. Graphic result of applying the plug-in to the case study, showing the quantitative
indicators calculated, structure and its graphical interface collection.

Analysis of BIM results

Figure 4 shows the amounts of waste calculated from the plug-in run. It is noted
that the generation of waste does not have proportionally relation to the amount of
construction materials associated with each element of the project (doors, windows, etc.),
since the rates of waste generation are specific to each element. Thus, it can be affirmed
that using different WGI turns possible to represent the intrinsic aspects of waste
generation to each project element, singularizing the waste generation itself and
increasing predictive accuracy. This aspect is an advantage over conventional methods of
predicting waste from general characteristics of the enterprises, such as the models of
Nagalli and Carvalho (2018) and Kern et al. (2015), among others. According to Figure 4,
the residence walls are those that generate a greater volume of waste, but the roof and
columns generate a greater percentage of waste.

The results show that the total volume of construction materials corresponds to
45.63 m® while the total volume of waste generated corresponds to 2.31 m?
approximately 5% of all material used in construction. The walls generated a volume of
0.98 m?, representing the largest amount of waste generated, while doors and windows
represent the smallest quantities of waste, with 0.0096 m*® and 0.0112 m?, respectively.
Thus, two buckets of 3 m? or one bucket of 4 m? for concrete and ceramic waste and a
3 m® bucket for waste wood, gypsum and steel is required from the plug-in calculation.
The plug-in's visual interface enables the user to identify the results calculated for the
management indicators.
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® Volume of construction material (m?) Predicted amount of waste obtained by WGI (m?)

100% — — — — — — — — — -

98% 0.01m? — 0.03m* — —
0.28m?

96%

94%
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Figure 4. Results calculated by the plug-in, showing the correlation between the planned amount of
construction material and the quantities of waste grouped by elements of construction.

The total volume of waste generated was calculated as 2.34 m® in a residence with
a Gross Floor Area (GFA) of 49.51 m? resulting in an average generation of waste of
0.047 m3.m-2. According to Pinto (2004), CDW weights on average 1,300 kg.m-3. Using this
density and the average generation of waste, it is possible to convert the waste amount
calculated in 61.1 kg.m2. Comparing this result with the rate of waste generation cited by
Novaes and Mourdo (2008), from 100 to 300 kg.m2, it appears that the volume of waste
per area is below the Brazilian average. However, according to Nagalli et al. (2013), the
volume of waste generation per meter square in Brazilian construction is in average 0.051
m>.m-2, which is compatible with the obtained results (0.047 m3.m-=). The resulting graph
(Figure 3) from plug-in displays the percentage amounts of inert and non-inert waste. This
kind of classification is an important cost indicator of final disposal of waste, helping the
management process.

The fact that the predicted values of waste have been shown to be compatible with
the literature show that it is possible to use waste generation indicators applied to design
elements to the detriment of global models of waste generation, such as those presented
by Kern et al. (2015) and Nagalli and Carvalho (2018). This aspect validates the use of BIM
for the quantitative management of waste, with potential for application of the other
utilities and dimensions of the platform.

Plug-in Validation

For the validation of the plug-in, it was used the model proposed by Solis-Guzman
(2009) in which the apparent volume constructed (Equation 4) is calculated based on the
consumption of materials per square meter of built area, multiplied by a CCi factor in
meter cubic per standard unit.

VAC(m3/m?) = Q(un/m?) - CC;(m3/un) (4)
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In Equation (4), VAC corresponds to Apparent Constructed Volume (m?), Q to the
amount of material per unit of area (m®/m?) and CCi to the volume of construction
material (m?3).

The WGI taken from the model of Solis-Guzman et al. (2009) were applied in BIM
model to be possible the comparison of the waste volumes generated as presented in
Table 2.

Table 2. Comparison between results of waste quantification through BIM and Solis-Guzman et al.
(2009) models.

Plug-in results Solis-Guzman et al. (2009)
Element Total Waste Total Material Waste Gap
constructed | generation | Consumption Generation (%)
volume (m?) (m3) (m3) (m?)
Paving 17.43 0.70 15.64 0.620 12
Walls 17.42 0.98 11.93 0.660 32
Doors 0.48 0.01 0.37 0.007 26
Windows 0.22 0.01 0.06 0.003 68
Lining 0.69 0.03 0.22 0.011 63
Roofing 4.62 0.28 2.29 0.140 50
Reinforcement 6,631.0 kg 75.5kg 489.3 kg 0.003 kg > 100
Concrete structures 4.78 0.30 1.48 0.069 77

Considering only the rubble waste, the waste generation was 0.0268 m®.m for the
S6lis-Guzman’ model and 0.047 m3.m?2 for the BIM model. Comparing the results, it is
observed that the quantification of the waste is influenced by the quantification approach
(material consumption or objects volumes). The WGI was maintained the same in both
methods, but the amount of materials consumed diverges due to the regional factors,
evidenced by the way of quantification of the building materials. Despite the difference,
the value approached 0.051 m®m-2, a result found by Nagalli et al. (2013) whose results
were obtained through field surveys in Brazil.

The development of a plug-in for the quantification of residues in BIM proved to be
a useful instrument. Streamlined the process of calculating the amount of waste and
allows recalculation in case of possible changes in the project, without the need to refeed
parameters in the quantification model. In this way, the influence of project characteristics
and modulation and the construction company level of technological development should
be incorporated into the waste quantification process (through the adequacy of the WGI).
[t is evidenced as limitation of the quality of the predictive model the accuracy of the rates
of waste generation (WGI) established by the user for each project element. Considering
that the trend in this research branch is the development of indicators of waste generation
from big data, there is great potential for integration of solid waste management with BIM.

Conclusions

Building Information Modeling technology has proved to be advantageous to
predict the construction waste. The use of Dynamo® and Visual Basic® for the
development of the waste quantification plug-in, in Autodesk Revit®, made the acquisition
and processing of data fast and versatile. The developed tool allow that designers
customize some factors that influences the waste generation. From this, it is possible to
adapt the prediction model to the specific work characteristics, as team productivity and
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construction processes. It is also possible to use the developed tool to manage or predict
demolition wastes. Additionally, the proposed computational routines made it possible to
scale the number of trucks and containers required for the construction site's
management.

The application of the developed tool to the project of a single-family housing
shows that the results are compatible with the literature, based on Solis-Guzman (2009)
method. In addition, the plug-in presents as the main advantage the speed and dynamic of
calculations, making the process of waste quantification adaptable to different
construction processes or building materials. The user interaction with the plug-in proved
to be suitable and facilitated by the user-friendly interface and illustrative tasks buttons.

It is important to point out that the results obtained are conditioned by the
accuracy of the waste generation index applied in the plug-in. Accordingly, the designer
needs to use indexes that are compatible with regional characteristics and production
aspects, since the calculation routine proposed by the plug-in considers the actual amount
of material used in the construction. In this way, the generation of waste used in BIM
model differs from those measured in the field, on empirical experiments, which considers
the volume of waste per built area. The best results are obtained when the construction
waste is estimated from Actual Built Volume instead of Apparent Constructed Volume.

In these terms, this research demonstrated the potential that tools applied to BIM
environments are important in construction management. Significant progress could be
achieved in the future with the development of specific waste generation indicators for
each project element. It is envisaged that future research may discuss the impacts caused
by the adoption of waste generation rates on construction elements rather than the
general characteristics of the works in predicting the total amount of waste generated in a
work, concluding on the best option. Waste management, as demonstrated, becomes more
integrated into one of these interfaces that BIM makes it possible to reconcile and
integrate. More efficient management is achieved, and the consolidation of BIM in
construction sites shows a need.
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