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Substations Integrated with the Geographic
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1*' Diogo Martins Azevedo
dept. of Electrical Engineering
Federal University of Uberldndia
Uberlandia, Brasil
diogomal6@gmail.com

4™ Edgard Lamounier
dept. of Electrical Engineering
Federal University of Uberldndia
Uberlandia, Brasil
lamounier @ufu.br

7% Claudio Guttler
dept. of Electrical Engineering
Furnas Centrais Elétricas S/A

Rio de Janeiro, Brasil

guttler @furnas.com.br

Abstract—In the context of the Brazilian electrical sector,
there are no references regarding the application of BIM (Build-
ing Information Modeling) and GIS (Geographic Information
System) in construction and maintenance of Electric Power
Substations projects. Thus, this work proposes the integration of
these technologies, since preview experiences in other engineering
fields have shown promising advances that could be useful
for the management and maintenance of the electrical power
market. By associating these technologies, an accurate mapping
of the information related to the assets, arrangements, cabling,
bus, electrical components, etc, is obtained. Moreover, for this
integration works, it is required to design a three-dimensional
geometric database of the electric power substation active com-
ponents. Inserting one of the database models into a particular
point of the project shall bring constructive, operational, and
maintenance information. Thus, by combining BIM and GIS in
the modeled families, it is possible to obtain more consistent
information during the construction phase. This will provide
advantages in decision making, providing resources within the
corporate communication, and a better understanding of the en-
vironment related to an electrical energy substation. Additionally,
the location conditions and the surroundings of the substation
would be more precise and pertinent, since the components
of the substation will become Geo-referenced. The association
between these two platforms allows a more intuitive overview
of the project, making them adherent to the planning, design,
construction, operation, preventive, and corrective maintenance.
So, when applying these tools together the company will obtain

2t Ana Marotti
dept. of Electrical Engineering
Furnas Centrais Elétricas S/A
Rio de Janeiro, Brasil
amarotti @furnas.com.br

5" Gerson Flavio M. de Lima

dept. of Electrical Engineering

Federal University of Uberlandia
Uberlandia, Brasil
gersonlima@ieee.org

8™ Ricardo de Oliveira Rocha
dept. of Electrical Engineering
Furnas Centrais Elétricas S/A
Rio de Janeiro, Brasil
rolivei @furnas.com.br

31 Alexandre Cardoso
dept. of Electrical Engineering
Federal University of Uberldndia
Uberlandia, Brasil
alexandre @ufu.br

6™ André Luis de Araujo
dept. of Archtecture
Federal University of Uberlandia
Uberlandia, Brasil
andre.araujo@ufu.br

9% Claudia Bartholomeu
dept. of Electrical Engineering
Furnas Centrais Elétricas S/A
Rio de Janeiro, Brasil
bartho @furnas.com.br

results almost immediately since all managing features will be
accessed through only one integrated information database. This
proposal presents the first results of the integration of BIM and
GIS, in the context of a Brazilian electric company - Furnas
S/A. Results of the implementation of the solution in the context
of Substations of the Company are discussed and show the
availability of reducing construction costs, alteration planning,
logistics, on-demand of the necessary maintenance, prevention
of possible accidents, and possibility of updating information in
real-time.

Index Terms—Building Information Modeling, Geographic
Information System, Electrical Systems, Power Substation

I. INTRODUCTION

The Rising power demand in the world means that there
is a need to build new electric power substations or upgrade
the existent. What is a challenge to AEC (Architecture, En-
gineering, and construction) Industry, since, it is necessary to
design and manage more efficiently [1]. Hence, a possible way
to do better management is a Building Information Modeling
(BIM) integrated with Geographic Intelligence Systems (GIS).
A possibility to do better management of Design on Substation
is involved in the project’s multi-disciplines in a single one [2].
As a result of this collaborative work the professionals and
the Companies would have a better result in the Design and
Construction [3]. However, substation design is a complicated



process, which requires important analysis before the begin-
ning of any design, finding an optimal solution, satisfying the
standards [1]. Afterward, it is interesting to adopt strategies
with BIM for the —development of new electrical substations.
Carrying these strategies, it is important to highlight that a
good substation design can be supported by teamwork with
multi-disciplinary capabilities working from different branches
with BIM methodology (see Figure 1).

Fig. 1. Multi disciplinary teamwork (adapted from [1]).

Besides, it is possible to associate BIM with GIS for a com-
plete management system, as has already been demonstrated in
urban management [4]. Thus, it is easy to have more efficiency
in management when these tools are applied together. How-
ever, as opposed to architecture and civil engineering, in the
national electricity sector, there are no references regarding the
application of BIM and GIS in construction and maintenance
projects of electric power Substations. Therefore, this work
deals with the integration of these technologies, which will
point to innovative results in the area of engineering, main-
tenance, and operation of Electric Power Substations. This
switching between the BIM and GIS methodology is only
possible due to the collaborative characteristics of the BIM
model [4]. Although this application already exists in the field
of civil engineering, it is necessary to study more in-depth
the electric energy distribution sector, which is the object of
this work, because, by associating these technologies, a map
with high precision of the information related to the assets,
arrangements, cabling and components of an electric power
substation, directly influencing the logistics of equipment and
maintenance teams, reducing costs for reworking substation
projects, facilitating regulatory and approval procedures, inte-
gration with services, monitoring, supervision and inspection,
value generation, and cost reduction with integrated proce-
dures using BIM technology (see Figure 2).

II. BUILDING INFORMATION MODELING (BIM)

According to Autodesk (2018), [6], BIM is an intelligent
3D model-based process that gives AEC professionals the
insight and tools to more efficiently plan, design, construct
and manage buildings infrastructure. This model brings a
construction database, being possible to all branches involved
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Fig. 2. Workflow BIM and GIS [23]

in the planning and execution checking information regarding
HVAC (Heating, Ventilating, and Air Conditioning) [5]. BIM
Methodology allows information sharing between the multi-
disciplinaries teams, creating a Virtual Environment (VE)
3D of the blueprint. This VE allows the updating of the
constructive information of the building [6]. Therefore, with
this collaborative working environment become easier to iden-
tify critical factors in the planning phase, enabling better
making decision in the design process, creating a 2D blueprint
associated a 3d model [7]. A BIM software gives the entire
3d model in all its phase and in final integrated form, so there
is a complete overview of planning and implementation and
the output documentation has high quality because it provides
insight into all elements necessary to make the decision (see
Figure 3) [1].
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Fig. 3. Sample of a BIM model with a high Level of Detail (LoD).

Thus, by systematically applying the definitions and pa-
rameters to be standardized, it is possible to create a digital
library with BIM substation objects for the use of several
substation projects, making the digital models applied in these
projects exceed a simple three- if a model 4D, 5D or nD
[8]. Therefore, BIM is a Computer Supported Cooperative
Work (CSCW), capable to generate collaborative models with
simulation information, planning, design, construction, and
operation [9].



III. GEOGRAPHIC INFORMATION SYSTEM (GIS)

GIS is a computerized database management system, which
is capable to gather, store, recover, analyze and display georef-
erenced information [10]. With the huge increase of service
demands in the AEC Industry, it requires an improved way
of information visualization to have a better making decision
[11] Thus, for this GIS has already presented itself as a great
tool for urban management [4] [12]. Geospatial information
can be analyzed to determine the geographic location of
predetermined attributes and their relationships to the regions
of interest pointed out. As far as where such points of interest
exist and quantify them, what happens in the area of interest
and what happens in the surrounding regions so that it is
possible to predict how a specific area changes with time [13].
The geographic information system can be integrated into a
database, which results in an intelligent program that analyzes
the behavior of the area of interest in a more objective and
summarized way, thus presenting information in the form of
a map oriented more clearly to the operators and users of the
system. In order to optimize the service provided and increase
the quality of the product, GIS is able to assimilate all the
parameters of the real environment into a single virtual model
and, when associated with another platform that supports the
map, make changes and simulations according to the requested
project [14]. After defining the territory and constituting a
sketch of the project to be implemented, the GIS performs
a calculation of the polygons conferring the possibility of
its execution by means of a geographical code that can be
interpreted by several BIM software, how is possible to check
in the workflow below (see Figure 4)
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Fig. 4. Workflow of a GIS project.

By associating GIS data with three-dimensional (3D) mod-
els, all movement and organization of the Virtual Environ-
ment are progressively simulated. This correlation is possible
because GIS analyzes the objects and points of interest that
already exist in the environment in a more abstract way,
opening the door to the entrance of another system that would
construct a Virtual Environment on the real as an attachment,
or be an intelligent platform that has the ability to model
the VE on the mapping created [15]. BIM is associated to
this aspect, complementing the service provided by the GIS,
which has a focus on external modeling, such as areas of
greater magnitude, in order to increase a physical project on
the observed region through internal focus modeling, such
as buildings [16]. To develop a BIM-GIS association, it is
essential that the benefits of both technologies be evidenced
in a single understood model. GIS that creates from exist-
ing objects, and BIM that creates with intelligent constructs

TABLE I

COMPARISON BETWEEN BIM AND GIS

BIM

GIS

Modeling Envi-
ronment

Focused on posi-
tioning and exter-
nal environment.

Focused on inter-
nal environment.

Reference Sys- | Geospatial BIM objects has
tem Data been | your own coordi-
georeferenced. nate system.
Objects are
defined in
physical  world
with global
coordinate
system.
Sketch Detailing | Creates from | Create in a large
a preexisting | scale with a big-

object. It covers
a larger area with

ger Level of De-
tail.

lower level of
detail and on a
smaller scale.

Application Urban Area Singular units
and your
construction
attributes

3D Models Used to be | Use a 3D Model

limited in a 2D | Rich in details
Model

with information [16]. It is also necessary to highlight the
incompatibilities that may hinder the creative process but can
be interpreted as an association of the boundaries of the two
technologies (see Table I).

IV. LITERATURE REVIEW

Inside this topic, will be approached works related to the
proposed theme, as well as the differentiation of the current
work of the other works raised. In order to reach the main
scientific works on Building Information Modeling and Ge-
ographic Information System applied to projects of electric
power substations, the following keywords were used: BIM,
GIS, Substations of electric energy, and georeferencing. At the
end of the searches, 3 papers were found and selected focusing
on the BIM and GIS integration.

A. Integration of BIM and GIS to Query Management on
pipeline of building-A case study of dormitory [21]

This paper applies BIM and GIS to manage pipelines for
buildings, it was applied in a case study in a Dormitory
for students. They use ArchiCAD software to depict the
building and pipelines with object attributes and combine with
SkylineTerraExplorer as GIS software, doing that they had a
3d pipeline. As a result of this research, they succeeded in
better management of the pipelines.

B. CAD-GIS BIM Integration — the Case study of Banja Luka
City Center [22]

This article provides an introduction of ongoing technology
integration efforts targeting fields of Computer-Aided-Design



(CAD) and drafting, Geographic Information System (GIS)
and Building Information Modeling (BIM). To merge this
software, there is a high demand for time being more effective
if you can reuse the results of each project, that way been more
effective this integration.

C. A Integracdo entre BIM e GIS como ferramenta de gestdo
urbana (Integration of BIM and GIS: A tool for Urban
Management) [4]

The paper focuses on investigates how BIM and GIS
intersection can contribute to creating an integrated system
to attend public utilities and urban management offices for
addressing accurate control on saturated and under-risk areas.
The system will also attend designers and contractors, by
enabling up-to-date public infrastructure network data to be
accessed during the project phase.

D. Comparison between the works

It is possible to observe that the works presenting the inte-
gration of BIM with GIS are in the area of civil construction or
information management, however, there is no such integration
in the electric power distribution sector and electric power
substations as can be seen in Table II:

TABLE II
TABLE TYPE STYLES
Papers BIM GIS Electrical
Substation
Chin Feng et al. | X X
Nikolina Et al. X X
Almeida and | X X
Andrade (2015)
This Paper X X X

V. DEVELOPMENT

This project is in the development phase and requires some
steps for the evaluation of software for modeling and junc-
tion of the Geographic Information System and Construction
Information Methods, for this, a compatibility analysis was
performed between a modeling software, a BIM software and
those of GIS.

The first step was select a Electromechanical Software for
modeling the substation components. However, this software
must be compatible with a BIM software or export in IFC
(Industry Foundation Class) Format. For the development of
this work was selected the Autodesk Invetor as Electrome-
chanical modeling software, because, the software has a native
communication with BIM software (E.g Autodesk Revit).

The second step was decide which BIM software would be
used. To define that, be required a research of commercial
software and in that research was defined to use the autodesk
solution, by the large usage of this software in the world (figure
5). Besides, the communication between the electromechanical
software and bim software is direct, the inventor export in revit
family format (RFA) without needing a plug-in.
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Fig. 5. Market of BIM software usage

Thereafter define the software, was developed a proposal
of workflow (figure 6). With this workflow the Revit is the
center of all information as a "BIM Engine”. Where all the
information from the electromechanical models, GIS and SAP
ERP (Enterprise Resource Planning).
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Fig. 6. Proposal of BIM-GIS Furnas workflow.

In this workflow all the proposal (figure 6) was in Autodesk
solution, but is possible to use another softwares BIM since
this software generate a file in the IFC format, which is
a nonprofit neutral product, is exported, which is intended
to support the life cycle of buildings, creating a pattern of
The data set of ISO 16739, so-called interoperability in AEC
(Architecture, Engineering and Construction), was published
by the IAI (International Alliance for Interoperability) [3].

After the modeling phase and create the families, is nec-
essary to define the communication between the GIS blue
print with our 3d model. Once the GIS is a a information
without graphic return. Thereby the connection between this
two technologies (BIM and GIS) is made in the coordinates
of the model.

Therefore, the development of this project of application of
BIM technologies in the area of electric power substations in
conjunction with technologies of georeferencing has followed
this workflow: Determine a software to create the electrome-






