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ABSTRACT
Within lean manufacturing applications, its contextualization in 
construction processes is found as lean construction. This approach 
aims to reduce non-value-adding activities by optimizing processes to 
maximize efficiency. Thus, the objective of this research was to propose a 
procedure for adopting the lean construction methodology to contribute 
to the optimization of building projects. A mixed-method study was 
conducted with a cross-sectional, descriptive focus based on the case 
study: construction of a recreational theme park for terminally ill children. 
A procedure structured in six steps was designed, allowing the adoption 
of the lean philosophy in project management and the design of a tool 
to assess the project team’s competencies in integrated management 
systems. The results enabled the definition, design, and delivery of 
project assets with the highest possible value generation, where lean 
methodology principles were applied. Likewise, the integrated project 
systems, stemming from incorporating lean methodology principles, 
optimized project productivity in building construction.

Keywords: project management, construction engineering, lean 
manufacturing, development project.
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RESUMEN
Dentro de las aplicaciones del lean manufacturing se encuentra su 
contextualización en los procesos constructivos como lean construction, 
la cual se enfoca a reducir las actividades que no generan valor en función 
de la optimización de los procesos, con el fin de maximizar la eficiencia. 
Es así que, el objetivo de la investigación fue proponer un procedimiento 
para la adopción de la metodología lean construction para contribuir a 
la optimización de proyectos de edificación. Se ejecutó un estudio con 
un enfoque mixto, transversal de tipo descriptivo, a partir del estudio 
del caso:  construcción de un parque temático recreativo para niños en 
fase terminal. Se diseñó un procedimiento estructurado en seis pasos 
que permitió la adopción de la filosofía lean en la gestión de proyectos, 
así como el diseño de un instrumento para evaluar las competencias del 
equipo de proyecto en los sistemas de gestión integrados. Los resultados 
permitieron definir, diseñar y suministrar los activos del proyecto con la 
mayor generación de valores posibles, donde se impusieron preceptos de 
la metodología lean. Igualmente, los sistemas integrados de proyectos, a 
partir de la imbricación de preceptos de la metodología lean, optimizaron 
la productividad de proyectos en la construcción de edificaciones. 

Palabras clave:  dirección de proyecto, ingeniería de la construcción, 
manufactura esbelta, proyecto de desarrollo. 
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INTRODUCTION

The lean philosophy had its origin in the manufacturing applied in the Toyota production line, thus, its development 
was framed in the events that occurred during the World War II, which promoted its rapid adoption by the United States 
and its generalization in the industry. (Carrilo et al., 2019; Singh and Kumar, 2020; Dallasega et al., 2020; de Souza 
et al., 2023). In this way, it was recognized as a methodology focused on reducing waste classified as: waiting, defects, 
unnecessary movements, excess inventory, overproduction, saturated transportation and large-scale processing (Martínez 
et al., 2016; Kumar et al. , 2022).
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In this context, its implementation has allowed the optimization of processes and the elimination of harmful 
practices (Amado et al., 2020; Francis & Thomas, 2020; Shaqour, 2022). Therefore, several researchers have 
translated the lean manufacturing (FLM) philosophy into spanish as lean manufacturing, lean manufacturing, and 
agile manufacturing (Sanchez, 2023). This process has been carried out through the following production systems: 
Total Quality Management (TQM), Just in Time (JIT), Kaizen (Continuous Improvement), Theory of Constraints 
(TOC), and Process Reengineering (Sirvent et al., 2016). In turn, it has been a practical methodology focused 
on increasing the efficiency of processes by implementing the Kaizen management philosophy of continuous 
improvement in time and space. It has been directed to discard waste (Guerrero et al., 2019).

Thus, applications have been evidenced in the production sector: lean production, lean manufacturing, lean 
supply chain, lean construction; also in services: lean government, lean hotel, lean accounting and in the health 
area under the name of lean Healthcare with a broad representation in the literature (Zambrano et al., 2022). In 
construction projects (CP), they have focused on reducing activities that do not generate value based on the quality 
of processes in order to maximize efficiency and minimize waste (Gao et al., 2023; Michalski et al., 2022; Yücenur 
& Şenol, 2021).

 
Thus, unlike other industries that have evolved thanks to technology, construction has been relatively static in its 

processes, making adopting new methods and tools necessary to increase productivity and efficiency (Barbhuiya & 
Bhusan, 2023). How various works are carried out obeys an artisanal and unproductive mode, which has persisted 
since ancient times without significant changes.

 
Thus, the lean construction methodology offers opportunities to optimize the phases as well as processes in 

projects (Caballero et al., 2018), which facilitates their management and allows reducing waste while maximizing 
the value of the project through the use of practical tools and techniques (Aureliano et al., 2019; Goh & Goh, 2019; 
Aslam et al., 2020; Abu et al., 2022). In this regard, there are significant differences between traditional project 
management (TPM) and the approach proposed by the lean philosophy, which are presented in table 1.

Table 1.
Main differences between traditional project management and the lean approach
GTP Lean Construction
Completion of all project activities (those that may 
or may not add value are not demonstrated).

Maximize value and minimize project overrun.

Master planning is carried out at the beginning of the 
project. Only what was planned from the beginning is 
executed.

Replanning in correspondence to the executed 
results, which maintains the continuous work flow.

Lessons learned at project closure. The root cause of problems is identified at the exact 
moment they occur.

Certain elements are defined at the beginning of 
the project in a formal manner without generating 
transformations (frozen scope).

The value of the project is defined and its life cycle 
is set in motion.

A traditional work is programmed through the 
progress of a master plan.

Tasks are coordinated before being executed in 
order to generate a continuous flow of work and 

"pull" techniques are used.
Resources are allocated to accomplish tasks. It is collaborative with efficient use of the resources 

that are employed.
Centralized decision making (usually top 
management).

Decision making through the project team.

Culture of individual achievement and compliance. Malleable and adaptive culture, success is the result 
of teamwork.

Source: own elaboration.

Based on the potential of applying this new management approach, the objective of this study was to propose a 
procedure for adopting the lean construction methodology to contribute to the optimization of building projects.
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METHODS

The study was implemented using a multi-method approach based on a mixed embedded design (Hernández 
& Mendoza, 2018). For this design, Harrison et al. (2020) recommendations on the rigor of mixed studies were 
considered. A descriptive cross-sectional research was used, based on the case study: design and construction of a 
recreational theme park for terminally ill children, an innovative and unprecedented project in Mexico.

A "fast track" construction management system was implemented (Ballesteros et al., 2019) to meet all client 
requirements. In this way, it allowed the planning of activities in parallel in order to decrease total project times 
and strategies used in classical project compression. In this way, activities, their precedence and completion times, 
and elements supporting the critical path's construction were identified (Méndez et al., 2023). In this sense, in 
planning, it is essential to have the complete project to obtain the corresponding license and the appropriate 
financial resources.

For the design and execution of the project, the traditional model was chosen, known as bidding-construction, 
which generally has as its implementation methodology the design-bidding-construction route (Wang & Chen, 
2023). It should be noted that this methodology still needs to improve, among which are labor incidents, works 
being carried out within an unspecified period, cost overruns, requirements due to poor quality, and, in general, 
uncertainty concerning the conditions initially proposed in the contract. Therefore, a hybrid procedure was 
proposed that considered the "Fast Track" method and FLM contextualized as lean construction (Aureliano et al., 
2019), thus minimizing the impact of chronic construction problems to ensure cost and quality.

The procedure was structured in six steps:

 • Step 1. Identification of initial scope deficiencies: A set of original scope deficiencies was identified 
based on the monitoring of project activities.

 • Step 2. Analysis of initial scope deficiencies: Based on the analysis of the initial scope deficiencies, it 
was possible to propose possible solutions for improvements that would make it possible to maintain 
the quality policies in the project's construction and, in turn, to maintain the service level set.

 • Step 3. Identification of chronic construction problems: Problems related to project management were 
identified and described clearly and precisely for discussion with the project team and those financing 
the work.

 • Step 4. Evaluation of experts' knowledge: An instrument was designed to evaluate the experts' 
competencies, which revealed the knowledge related to the management of building projects using 
integrated management systems and the methodology derived from the lean philosophy.

 • Step 5. Lean analysis of the project information: A theoretical analysis of the impact of the lean 
methodology on the project information was carried out to identify possible improvements.

 • Step 6. Strategy design: New strategies to be adopted by the project team to manage building works 
were defined. New management forms were integrated to raise the level of service and reduce waste.

A questionnaire was applied as an instrument to 25 professionals (architects, engineers, and technicians) who 
were part of the project team. Competencies related to design, service level, management systems, and willingness 
to change in the project management approach were also evaluated.

RESULTS

Application of the lean project management procedure

The primary deficiencies related to the project's scope were identified and described after its implementation. 
table 2 below shows everything related to the areas of the construction work, while table 3 shows the general 
infrastructure problems.

It is notorious that the specific items in the “initial scope” modify the balance of the triple constraint at the 
beginning of the project and affect the availability of resources. This reflects a project cost overrun of 40% of what 
was initially considered and a project duration estimated at 1.7 times more than the original schedule. In this sense, 
Kim et al. (2022) have performed a decommissioning risk analysis of a nuclear power plant planning project, where 
the main risks in initial states were evidenced: physical state, state and characterization of the conditions with 
problems, state of the materials and resources, and characteristics of the infrastructures.

Estrada Herrera & Pueblita Mares
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Table 2.
Deficiencies related to the scope of the project (areas of construction work)
Problem Description
Aquatic park: undefined scope of the 
pool.

As this was a parameterized budget, the scope of a wave pool and 
water toys were not defined.

Castle: over-engineered metal structure. The structural design of the castle was not optimized, so a lighter 
design was required and an overdesign of 40% was estimated.

Villas/Lodging: increase to double the 
initial units.

Due to the need for more sponsors, the demand for villas 
doubled.

Main entrance: themed metal structure. It was necessary to change the prefabricated construction system 
for one made on site.

Table 3.
Deficiencies related to the scope of the project (infrastructure)
Problem Description
Unpaved access road to the park 
and the right-of-way.

3 km of dirt road that passes through the right-of-way 
during the rainy season is subject to erosion due to 

washout.

The hydraulic infrastructure lacks 
a deep well.

As the villas will be increased to double the capacity of 
the original reach, it will be necessary to increase the 

potable water supply.

Earthworks, 
lack of retaining walls and slope 
protection,

The earthwork project does not consider retaining walls; 
areas will overlap due to the kicking of the walls.

General theming of the park. There is no theming project for all the areas of the park; 
a medieval aspect is required, which was not considered 

in the parametric cost.
Source: own elaboration.

In addition, the need to manage waste has been evidenced by contemplating policies, such as waste characterization 
and infrastructure and reuse of materials, where the circular economy stands out (Rondón et al., 2022). Once 
the missing and undefined aspects of the project were detected, an evaluation of the information available in the 
executive project was carried out to determine whether or not to continue with the execution of the project, as 
well as to decide whether to continue with the "Fast Track" method plan or to implement a different management 
methodology.

Thus, Bastante et al. (2019) have identified a set of advantages in the application of the Fast Track methodology, 
which has allowed overlapping activities (planning activities in parallel that increase the percentage of resource 
utilization), building at the same time as designing; increased times for design development; improvements in 
execution; and reduction of the total time of the work. From the analysis of the primary deficiencies detected at the 
beginning of the project, work meetings and brainstorming sessions were held among the project team to propose 
possible improvement solutions:

Improvement solutions for deficiencies in construction site areas

1. To carry out the executive project for the wave and aquatic games pool.
2. Increased cost and execution time.
3. Reengineer the value of the architectural project by redefining spaces to minimize the weight of the 

infrastructure.
4. Recalculate the foundations and load-bearing walls to build one more level.
5. Change the construction system to a permanent system with lower maintenance.

Improvement solutions for infrastructure deficiencies
1. To carry out improvement works in earthworks and later paving.
2. Request authorization for the drilling of a deep well.

Lean construction methodology in the optimization of the results of a building project
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3. To carry out geophysical studies.
4. To carry out the allocation of resources for the execution of a deep well.
5. Develop and cost a retaining wall project.
6. Modify the layout of the launching pads.
7. Increase the cost of earthwork items.
8. Develop a theming project for accesses, villas, warehouses, castles, and exterior areas.
9. Increase the cost of the project.

Consistent with the analysis, as detailed in table 4, a group of chronic problems related to critical elements for 
maintaining the level of customer service were identified.

Table 4.
Chronic problems that compromise the level of service
Problem Description
Task Team. Lack of coordination and transparency among stakeholders.
Cost. Cost overruns derived from the design-bid-build system.
Defects of Production requiring rework.
Safety. Poor safety compliance.
Waste. Excessive resources misdirected by overproduction.

Source: own elaboration.

From the application of the survey to the project team, the results are summarized in table 5, which shows an 
analysis of the questions with dichotomous answers (questions 1, 5, 7, 8, 9, 10, 11, 12, 13, 14, 15 and 16), as follows: 
100% of the respondents had participated in CPs, of which 10 (40%) had worked as resident engineers, 5 (20%) as 
construction supervisors, 5 (20%) as building managers, 4 (16%) as architects, engineers, technicians or designers 
and 1 (4%) as company administrator of the CPs, elements that are described in Figure 1. 

The professional experience in this type of project was 40% from one to five years, 24% from 10 to 15 years, 20% 
from five to 10 years, and 16% with more than 15 years (see Figure 2). On the other hand, 84% of the respondents 
evidenced that the information provided by the clients needed to be more sufficient for the adequate development 
of the project and for the fulfillment of the level of service expressed in terms of compliance with the budget and the 
fixed delivery time. 88% indicated they knew integrated management systems, BIM, lean manufacturing, PMBOK, 
and their advantages in project management. In turn, 76% stated that their institutions had tools that ensured 
compliance with delivery deadlines.

On the other hand, 76% stated that their institutions had macro indicator systems to manage project quality. 
However, 80% stated that the projects they participated in did not have technologies for continuous monitoring of 
quality-related risks. The same percentage stated they needed documents to ensure feedback and consolidation of 
good practices. They also considered it essential:

 • 80% will have technologies for PC quality control to ensure project activities' planning.
 • 96% of the strategic alignment between international project management standards and the 

implementation of policies for PC quality control.
 • 100% would feel comfortable working in companies that have policies for project quality control 

and that have policies for PC quality control, allowing the definition, validation, and control of the 
productivity of the construction processes.

Table 5.
Analysis of the dichotomous response questions in the survey
Ask Alternative Ask Alternative

Yes No Yes No
1 25 (100%) - 11 5 (20%) 20 (80%)
5 22 (88%) 3 (12%) 12 20 (80%) 5 (20%)
7 4 (16%) 21 (84%) 13 24 (96%) 1 (4%)
8 19 (76%) 6 (24%) 14 25 (100%) -

Estrada Herrera & Pueblita Mares
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9 19 (76%) 6 (24%) 15 24 (96%) 1 (4%)
10 5 (20%) 20 (80%) 16 25 (100%) -

Source: own elaboration.

Source: own elaboration.
Note: the figure appears in its original language

Source: own elaboration.
 Note: the figure appears in its original language

From the analysis of the costs of the projects in which the respondents had participated, it was found that 
40% had participated in projects with costs of $ 0 - $ 5,000,000, 24% in costs greater than $ 50,000,000, 20% 
between $ 5,000,000 - $ 10,000,000 and 16% between $ 10,000,000 - $ 50,000,000, as described in figure 3. 
000,000 and 16% between $ 10,000,000 - $ 50,000,000, as shown in figure 3. Correspondingly, it was observed 
that the most significant participation was in public projects (20, which represented 80%) and the remaining 20% 
in private sector projects. 

Lean construction methodology in the optimization of the results of a building project
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Source: own elaboration.
Note: the figure appears in its original language

All (100%) respondents considered cost and delivery time components essential among the quality policies to 
maintain the established service level and productivity in the PCs. On the other hand, 22 (88%) considered project 
optimization or compression to be necessary. See figure 4.

Source: own elaboration.
Note: the figure appears in its original language

Thus, adopting the Lean Construction philosophy requires a paradigm transformation in how projects are 
carried out and designing new methods to implement all processes. It is about having the ability to provoke a 
transformational movement in current operations and redirect the mission and vision of the organization toward 
the total satisfaction of the internal and external customers. This implies continuously identifying the value stream 
to deliver the deliverables with effective and efficient parameters with the content, quality, time, and costs required 
in the project.

To support this new approach, the Integrated Project Delivery System (IPDS) was chosen (Mesa et al., 2016; 
Mesa et al., 2019), which allowed for defining, designing, supplying, constructing, and using the project assets, 
generating greater values. Thus, the IPDS has within it all the entities that are part of a project, shares both risks 
and utilities and incorporates related procedures among all collaborators in a given context that allows a broad 
collaborative work, thus reducing waste and promoting value generation (Kahvandi et al., 2020).

Determined the redirection of the management methodology for the theme park project, the following tools were 
chosen: Lean Construction (Michalski et al., 2022); Set-Based Design (Fitzgerald & Ross, 2019), which will be used 
to analyze the best solution for the project; Target et al. (Johansen et al., 2021), which is used to design the project 
based on Value Engineering or constructability properly; and Pull-type activity planning, which is used to confirm 
the value-generating activities in the project and as a prelude to the design of the production flow on-site.

In addition, the IPDS employs the Last Planner System for detailing site activities and constraint management 

Estrada Herrera & Pueblita Mares
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(Montalbán et al., 2023) and Takt Planning for site workload balancing (Jabbari et al., 2020). All these Lean tools 
help to optimize workflow, reduce waste, and improve efficiency in PC execution. 

In the case studied, it was observed that, despite being a team of people with experience and management of 
large projects, they did not have full knowledge of the new management methodologies, so with this implementation, 
the professionals were trained for the proper management of the variables of scope, time and cost, resulting in the 
construction of the project with minimal deviations. At the same time, it was possible to satisfy all the client's needs 
and requests to open the facilities with the best use of the invested resources.

In this sense, conducting analyses that address the importance of customer perception of the products they 
observe during the execution of the project is considered an essential element (Sánchez et al., 2022), as this will 
allow redesigning policies and aligning them more and more with what the customer demands.

CONCLUSIONS

Currently, integrated project systems, based on the superimposition of lean methodology precepts, optimize the 
productivity of building CPs. In this way, the methodology implementation balances the increase of the project's 
original scope in costs congruent to these updates, deadlines, and program, carried out in its maximum compression. 
This is why the park can be put into operation with a deviation in the initial investment of approximately a 5% 
increase, where minimal risks are achieved in the project through the lean methodology.

In this context, the project team is made up of specialists with experience in projects between one and five years, 
with more excellent representation in public sector projects, valued in the cost range of $ 0 - $ 5,000,000, most 
of whom recognize the need for integrated management in the programming of building projects. However, they 
show that the companies in which they have worked need more tools, methodologies, and procedures to integrate 
management systems to optimize project productivity, delivery costs, and delivery times to raise the level of service.

Finally, future studies should focus on the study of methodologies such as the circular economy, which makes it 
possible to optimize the use of resources by planning the reuse of waste, as well as to define indicators that make 
it possible to measure and control the project through monitoring parameters, all in order to act proactively in the 
event of the negative behavior of critical variables.
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