@ engineering
proceedings

Proceeding Paper

Proposal of a Roadmap for the Implementation of Robots in
Buildings: The Case of Peru t

Angela Gago !, Jordan Romani ? Isaac Ccoyllar 3 and Andrews A. Erazo-Rondinel +*

Citation: Gago, A.; Romani, J.; Ccoy-
llar, I; Erazo-Rondinel, A.A.
Proposal of a Roadmap for the
Implementation of Robots in
Buildings: The Case of Peru. Eng.
Proc. 2024, 6, x.
https://doi.org/10.3390/xxxxx

Academic Editor(s): Name

Published: 26 November 2024

Copyright: © 2024 by the authors.
Submitted for possible open access
publication under the terms and
conditions of the Creative Commons
Attribution (CC  BY)
(https://creativecommons.org/license

s/by/4.0/).

license

1 Facultad de Ingenieria Civil, Universidad Nacional de Ingenieria, Lima 15333, Peru; angela.gago.g@uni.pe

2 Facultad de Ingenieria Civil, Universidad Nacional de Ingenieria, Lima 15333, Peru;
jordan.romani.c@uni.pe

3 Facultad de Ingenieria Civil, Universidad Nacional de Ingenieria, Lima 15333, Peru; isaac.ccoyllar.e@uni.pe

¢ Facultad de Ingenieria, Universidad Continental, Huancayo 12001, Peru

Correspondence: aerazo@continental.edu.pe

* Presented at The 11th International Electronic Conference on Sensors and Applications (ECSA-11), 26-28
November 2024; Available online: https://sciforum.net/event/ecsa-11.

Abstract: In recent years, Construction 4.0 has integrated Industry 4.0 technologies into the con-
struction sector, with robots playing a key role in improving productivity and safety. However, few
studies address strategies for implementing robots in specific contexts, particularly in developing
countries. This study proposes a roadmap for robot implementation in the Peruvian construction
sector. It identifies barriers and benefits and then validates the roadmap through expert consulta-
tion. The roadmap consists of four phases: aligning the company, evaluating technology, planning
implementation, and executing while assessing practices. This provides valuable guidance for con-
struction companies adopting robotic technology.
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1. Introduction

In Peru, labor productivity in construction projects is alarmingly low, with only 28%
of activities considered productive [1]. This situation, together with the decrease in qual-
ity, labor shortage and lack of safety, has generated the need to adopt innovative tools in
the sector [2]. The implementation of automation and robotics technologies is presented
as a viable solution to improve productivity, safety and quality [3]. However, there are
several barriers to their implementation, which vary by country and type of industry [4].
Although studies on these barriers have been conducted in international companies, most
have focused on developed countries [4] and have not addressed the context of develop-
ing countries such as Peru. Faulty implementation of robots can lead to negative results
[5], as many organizations lack a clear implementation model [6]. Therefore, it is essential
to develop a roadmap to guide this implementation. This research focuses on guiding the
use of robots in multifamily projects, analyzing the obstacles from the perspective of Pe-
ruvian experts and seeking to reduce the gap between theory and practice in the adoption
of robotics in the construction sector.

2. Literature Review

During the review of international literature, models for overcoming barriers to the
implementation of robots in construction projects and models for implementing robots in
construction projects were identified. A summary describing the main models identified
in Table N°. 1 is shown below.

Table 1. Models for overcoming barriers and implementing robots in construction projects.
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Research Description
This research proposed a model to address key barriers, focusing on cost and technology, using PLS-

[4] SEM analysis. Conducted in Nigeria, a developing country, the study prioritized barriers and offered so-
lutions in four categories: academic, occupational, professional, and operational, to help overcome these
challenges at the study site.

Ref. [7] proposed the ConRoX model to address twelve identified barriers in construction. This generic

[7] framework considers all key levels of a construction company —organization, processes, and IT. The
model is built around three interrelated parameters: potentials, enablers, and outcomes.

The model proposed by [6] provides recommendations for the implementation of robots in companies in

[6] the construction sector. The proposed framework includes 3 important factors: organization, people and
technology.

Ref. [8] analyzed future scenarios for robotics in construction, identifying driving forces to develop strat-

(8] egies that maximize opportunities and reduce risks. Their research provided a key tool for integrated de-
velopment and robotic engineering, helping industries structure solutions and mitigate uncertainties in
engineering and requirements management processes.

Based on the above, it is noted that research has conducted literature reviews and
barrier analysis for the implementation of robots with the objective of providing general
recommendations for their implementation in the construction industry. However, there
is still no defined model for the implementation of robots in the construction industry,
much less for any specific item. That is, there are only brief guidelines without details that
do not guarantee the success of the implementation of this technology. Therefore, this re-
search seeks to develop a roadmap for the implementation of robots in the execution of
construction projects.

3. Methodology

The present research took into consideration the logical process of the Horseshoe re-
search framework [9]. Figure 1 below details the stages of the proposed methodology and
Table 2 shows the professionals selected for the expert judgment process:

Stage Research tools Activities Deliverables
| Use of databases: Google Scholar, Research Gate, | ——
Scopus and Web of Science | 41 articles included
: ‘ !
(1) Literature review of barriers Use of keywords: “robotic and challengef", "robotic
and benefits of robotics Literature review 3 List of 15 barriers and 12
implementation. [ Identification of benefits classification ] » | benefitsofimplementing |
¥ rabots in the construction
| Identification of barriers classification | - sector
Analysis with experts of the barriers and benefits of
—_—
06 expert implementing robots in buildings.
(2) validation of barriers and j“fge:'e“;“:f""l' T Final list of 13 barriers and
structured virtual T
benefits with expert judgment interviews) validation of the barriers and benefits of the . Il:r::::ftutosno:(;:b?:d w M
implementation of robots in buildings mpy ' P
the Peruvian context

(3) Literature review and

Final list of barriers and benefits analyzed in order to
propose the roadmap

Proposal for a roadmap for
the implementation of

roadmap formulation _ _ & | Good practices, strategies and roadmaps proposed in robots In Peruvian buildin
Liverature review other countries were identified and analyzed. £
06 expert Validation of the roadmap for the implementation of
—
judgements robots in Peruvian buildings with experts.
¥ Roadmap for the
: j Roadmap rating with Likert scale 1 to 5 (Average: implementation of robots in
Likert scal
¥
Kendall coefficient —* | Kendall coefficient: 0.728 (strong agreement) ]

Figure 1. Research methodology.
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Table 2. Professionals selected as experts for validation of the roadmap.
N° Role Years- of Expe- Participation in Projects Size of Company Where
rience Worked
EX01 Technology Manager 20 years Buildings and Infrastructure Large company
EX02 General Manager 25 years Buildings and Infrastructure Medium enterprise
EX03 Engineering Manager 15 years Buildings and Infrastructure Large Enterprise
EX04  Project Portfolio Manager 15 years Mining, Oil and Energy Large enterprise
EX05 Project Consultant 25 years Buildings, Infrais;glcture and Min- Large company
EX06 Construction Resident 10 years Buildings and Infrastructure Medium enterprise
4. Results
4.1. Barriers and Benefits to the Implementation of Robots
Through the literature review of 41 scientific articles and the subsequent validation
of the list of barriers with six professional experts, a list of 13 barriers and 11 benefits was
obtained, as shown in Table No. 3 and Table No. 4 respectively.
Table 3. List of identified barriers.
Code Barriers Ref.
RT-01 Weak innovation culture for the implementation of robots in construction processes. [10]
RT-02 Lack of interest from the company’s management, due to a short-term vision of the construction 7]
industry.
RT-03 Lack of legislation on the use of robots in construction (damage to property, health, life). [11]
RT-04 Low investment and limited company resources for the implementation of robots. [10]
RT-05 Little collaboration and distrust in the industry, for the implementation of robots in construction [12]
projects.
RT-06 Lack of skilled labor and limited technological knowledge of project stakeholders for robot imple- [10]
mentation.
RT-07 Perception of fear and distrust towards robots in security, privacy and unemployment issues by [10]
project stakeholders.
RT-08 Need for security and reliability on the storage of information generated by robots. (6]
RT-09 Limited functionality and features of robots. [13]
RT-10 Robots may need complex technological requirements and their installation at the construction [12]
site could be complicated.
RT-11 Poor supply chain for robot implementation. [12]
RT-12 Lack of bodies and standards that contribute to the regulation of human-robot interaction. [6]
RT-13 Incompatibility of robots and complexity of adaptation with current construction practices. [3]
Table 4. List of identified benefits.
Code Benefits Ref.
BN-01 Increased competitive advantage of organizations due to the use of technology. [14]
Increased satisfaction of project stakeholders due to improved processes associated with ro-
BN-02 [15]
bots.
BN-03 Reduced labor costs and rework costs. [6]
BN-04 Reduced overhead costs due to increased productivity. [10]
BN-05 Reduced occupational health and safety costs due to the reduction of people exposed to haz- Expert
ardous activities. Judgment
BN-06 Reduction of injuries and release of workers from performing hazardous tasks. [6]
BN-07 Support for continuous improvement, industrialized and automated production. [8]
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BN-08
BN-09
BN-10

BN-11

Improved control of the work environment due to faster problem detection, greater connectiv-
ity and information integration.

Simplification of complex construction processes and elimination of non-productive tasks. [6]
Improved production quality, efficient use of resources and increased performance of con-
struction equipment.

More efficient construction processes due to interaction between robots and other digital tech-
nologies (interoperability).

4.2. Proposed Roadmap for Implementation in Buildings
(a) Roadmap approach

The roadmap is designed for medium and large construction companies capable of
leading robot implementation, particularly those with a culture of innovation that encour-
ages technological exploration. Companies using this roadmap should have strong poli-
cies for measuring and controlling construction processes to identify areas for improve-
ment through technology. The roadmap frames robot implementation as a project aligned
with the company’s strategy, ensuring it contributes to overall business success. Addition-
ally, an innovation management system is needed to support the implementation project

(b) Adaptation of the roadmap

The roadmap will be tailored to each company’s specific needs, considering internal
processes, innovation management systems, and organizational goals. Aligning the pro-
ject with the company’s innovation management system is crucial for effective integration,
ensuring opportunities are identified, feasibility is assessed, and results are evaluated.
This system should support continuous adaptation throughout the implementation of ro-
bots.

(c) Structure of the roadmap: “4PIF”

The roadmap is structured in 4 principles, 4 drivers and 4 phases (4P + 41 + 4F = 4PIF),
hereafter called “4PIF”, which are outlined below:

- Principles: They will allow addressing implementation barriers by providing guide-
lines on the behavior of team members and stakeholders.

- Drivers: Will maximize the positive impacts of the benefits associated with the im-
plementation of robots and will be used to define the success metrics of the imple-
mentation project.

- Phases: They will organize the activities of the implementation project, ensuring the
effective completion of the tasks necessary to achieve the stated objectives and ensure
consistency with the principles and drivers. A total of 11 processes have been defined,
which are necessary to guide the implementation of the robot and are distributed in
the 4 phases. Each process presents a brief description, as well as its inputs, tools and
outputs.

Phase 1: Review of the company’s organizational context

This phase seeks to understand in detail the operational and strategic environment
of the company in relation to the implementation of robotic technology. During this phase,
three key processes are carried out.

Phase 2: Comprehensive evaluation of robotic solutions

This phase focuses on the selection and comprehensive analysis of the best robotic
solution to integrate into the selected construction process. This phase comprises the iden-
tification of the construction process, the detailed analysis of its activities and require-
ments, as well as the thorough evaluation of all robot alternatives available in the market.
The objective is to make informed and strategic decisions that ensure the successful im-
plementation of the robot on site, thus optimizing the efficiency and quality of the opera-
tions.

Phase 3: Cost management and site preparation
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Phase

{1} Alignment of the
company with the
principles and drivers of the
roadmap. Sequential phase.

(2) Evaluation of
technology and
construction process.
Iterative phase.

(3] Planning the robot
implementation project.
Iterative phase.

This phase focuses on two key aspects for the implementation of the robot in the
construction project. On the one hand, the necessary budget is calculated, and potential
risks are identified to establish mitigation measures. On the other hand, the work site is
prepared for the installation of the robot, ensuring a safe and conducive environment.
These processes ensure efficient management of financial resources and adequate site
preparation, laying the groundwork for a successful robot implementation.

Phase 4: Integration of the robot and project closure

This phase culminates the robot implementation project in the multifamily project.
Through the first process, the correct installation and operation of the robot on site is en-
sured. The second process evaluates whether the objectives have been achieved and com-
piles the results, facilitating an effective transition of the project to completion and provid-
ing feedback for future improvements.

(d) Roadmap processes

Process

F1.1. Review the company's status

F1.2. Review the status of projects

y

I

F1.3. Review company influences

F2.1. Select the construction process

F2.2. Analyse the selected construction

process

7

y

F2.3. Holistically analyze robot
alternatives

Input

Output

4 Company documentation. Market analysis  report.
Organization and Functions Manual - Organization and
Functions Regulation.

4 Information on current projects. Lessons learned log.
Market analysis report

4 Information on current projects. Supplier registration.
Logistics reports. Quality reports.

< Company analysis report.
Opportunity register.
Feasibility assessment.

<+ Risk register. Project analysis
report.

< Influence analysis report

4 Company analysis report. Project analysis report. Influence
analysis report. Lessons learmed log.

4 Description of the selected construction process.
Imformation on current projects. Report on available
technologies. Record of restrictions.

4 Record of robot specifications. Report of available
technologies. Record of restrictions. Requirements log.

< Selected construction
process (PCS)

<+ Description of the PCS

< Robot specification record

< Robot Implementation Plan

F3.1. Determine the budget

F3.2. Identify risks

e

F3.3. Conditioning the work
environment

(4) Execution and clesure of
the robet implementation
project. Sequential phase.

Fa.1. Installing the Robaot

F4.2. Close the project

4 Record of robat specifications. Robot implementation plan.
Constraints log. Risk report.

4 Risk Register. Description of the selected construction
process. Robot implementation plan. Lessons Learned Log.
Record of requirements.

4 Robot implementation plan.  Register of robot
specifications. Risk register. Organization and Functions
Manual - Organization and functions regulation...

% Presupuesto del proyecto

# Requerimientos de
Financiamiento

# Registro de Riesgos

4 Informe de
acondicionamiento

% Selection of the optimal robot. Robot Implementation Plan.

Description of the selected construction process.
% Robotimplementation plan. Robot performance report.

Figure 2. Roadmap processes: inputs, tools and outputs.

4.3. Roadmap Validation

4 Installation Report

4+ Evaluating Robot
Performance

4+ Project Closure Report

% Lessons Learned Record

To validate the roadmap proposal, civil engineering professionals with over ten years
of experience and postgraduate degrees were selected as experts. They reviewed the pre-
liminary roadmap, provided feedback, and evaluated each phase on a Likert scale from 1
(Strongly Disagree) to 5 (Strongly Agree). The average score from the six experts was
4.042, indicating an 80.83% acceptance rate. Using SPSS V. 24, Kendall’s coefficient (W)
was calculated, yielding a value of 0.728, indicating strong agreement among experts, as
values above 0.65 are deemed reliable for solid research [16].

5. Discussion

It is important to note that this roadmap originates from the need to optimize results
in multifamily projects, which led to the incorporation of robotic technologies. Iterations
were incorporated in phases 2 and 3 to allow for continuous improvement of the results,
as well as moments of reflection, feedback, and learning. The proposal focuses on the con-
struction process, ensuring that the implementation of robots brings benefits to the com-
pany in terms of productivity, quality, and safety.
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Among the main strengths of the roadmap for the implementation of robots in multi-
family projects is its clear structure organized in 4 principles, 4 drivers and 4 phases, which
provides a clear and well-defined framework to guide the process that facilitates an or-
derly and consistent implementation. In addition, the roadmap focuses on companies that
can lead the adoption of robotic technologies, especially medium and large companies,
which increases the probability of success and makes its implementation more realistic
and achievable. The experts also mentioned the usefulness of the organizational context
review phase. This phase allows a detailed understanding of the operational and strategic
environment of the company before proceeding with the implementation of robotic tech-
nology, which ensures that the technological solution is aligned with the specific needs
and capabilities of the organization. The evaluation of the results obtained during the im-
plementation project was also highly valued, as the roadmap includes mechanisms to
measure the impact of robotics on the construction processes that are critical for informed
decision-making and to ensure that the implementation meets the stated objectives. Also,
a significant strength is the detailed definition and delineation of the construction process,
which experts high-lighted as a key factor for the success of the implementation as specific
planning ensures that the selected robot perfectly fits the project requirements. The struc-
ture for evaluating automation alternatives is another positive point, as it is not limited to
the implementation of a single robot but considers several options. A crucial aspect men-
tioned by the experts is the incorporation of feedback loops which indicates that the
roadmap is designed to be dynamic and adaptable, this allows adjustments based on the
experience gained and the results obtained throughout the process, promoting constant
improvement and adaptation of the strategy based on the results obtained. This flexibility
is essential to continuously optimize the implementation and ensure its success.

Overall, the roadmap received a positive rating in the evaluation carried out by the
experts, obtaining an average of 4.042 on the Likert scale, representing an acceptance level
of 80.83%. This high level of validation indicates that the roadmap is seen as an appropri-
ate and valuable tool to guide the process of adopting robots in construction.

Among the main limitations identified, the roadmap presents certain constraints. The
initial costs associated with the acquisition and installation of robots can be high, which
represents an obstacle for companies with limited financial resources, so it is aimed pri-
marily at medium and large companies. The introduction of new technologies, such as
robotics, can encounter resistance from employees and managers who are accustomed to
traditional methods, making it necessary for companies to promote an environment of
innovation and openness towards these new technologies. In addition, the incorporation
of robots into existing construction processes may face both technical and organizational
challenges, which will require significant adjustments in work methods. On the other
hand, the proposal focuses on a business perspective, without considering government
initiatives. In this sense, the application of the roadmap is designed for medium and large
companies, which will allow them to considerably increase the probability of success in
the implementation of robots.

6. Conclusions

The results of this research indicate that the proposed roadmap developed from the
identification of barriers and benefits is adequate to guide the implementation of robots
in multifamily projects in Lima. The literature review identified the most significant bar-
riers and benefits. The validation of the barriers and benefits with experts and the survey
of professionals confirmed their relevance for this research. Statistical analysis of the sur-
veys allowed grouping and defining the categories of barriers and benefits that were key
to the development of the proposed roadmap. The roadmap developed includes specific
strategies to address these barriers and maximize benefits. The evaluation of the roadmap
with the participation of experts validated the feasibility of the proposal presented
demonstrating that the roadmap is a suitable tool for the implementation of robots in mul-
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tifamily projects. This paper contributes to the field of construction automation by pro-
posing a roadmap adapted to the Peruvian context, addressing the barriers and benefits
of implementing robots in multifamily construction. The ‘4PIF’ framework represents a
novelty by offering a holistic and adaptable approach that aligns each phase of the process
with the company’s strategic objectives, maximizing the positive impact of the technology.
This roadmap not only has a theoretical contribution to the literature on the adoption of
robots in developing countries, but also offers a replicable model to guide other compa-
nies in the implementation of robots in multifamily projects, using strategies to overcome
obstacles and take advantage of the benefits of robotics.

Author Contributions: Conceptualization, G.A. and E.R.A.; methodology, all authors; validation,
all authors; formal analysis, all authors; investigation, all authors; G.A.; writing—original draft
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supervision, E.R.A.; All authors have read and agreed to the published version of the manuscript.
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