
A Systematic Layout Planning and TOPSIS 

Application for the Design of a Power 

Generation Turbine Parts Repair Workshopa 
Una aplicación de la planeación sistemática de la distribución y TOPSIS para el 

diseño de un taller de reparación de piezas de turbinas de generación eléctrica 

Received: January 25, 2021 | Accepted: March 22, 2022 | Published: December 16, 2022 

Sebastian Cáceres-Gelvez * 

Universidad Nacional de Colombia, Bogotá, Colombia 

ORCID: https://orcid.org/0000-0002-9131-2135 

Martín Darío Arango-Serna 

Universidad Nacional de Colombia, Bogotá, Colombia 

ORCID: https://orcid.org/0000-0001-8448-8231 

Laura Gutiérrez-Sepúlveda 

Universidad Nacional de Colombia, Bogotá, Colombia 

ORCID: https://orcid.org/0000-0002-9963-493X 

Natalia Jaramillo-Agudelo 

Universidad Nacional de Colombia, Bogotá, Colombia 

ORCID: https://orcid.org/0000-0002-2555-0346 

Juliana Mejía-Pérez 

Universidad Nacional de Colombia, Bogotá, Colombia 

ORCID: https://orcid.org/0000-0002-7381-6591 

Paulina Marín-Quintero 

Universidad Nacional de Colombia, Bogotá, Colombia 

ORCID: https://orcid.org/0000-0002-9267-3530 

ª Research paper - Article of scientific and technological investigation 

* Corresponding author. E-mail: scaceresg@unal.edu.co

DOI: https://doi.org/10.11144/Javeriana.iued26.slpt 

How to Cite 

S. Cáceres-Gelvez, M. D. Arango-Serna, L. Gutiérrez-Sepúlveda, N. Jaramillo-Agudelo, J. Mejía-Pérez y P. Marín-

Quintero, “A Systematic Layout Planning and TOPSIS application for the design of a Power Generation Turbine 
Parts Repair Workshop” Ing. Univ. vol. 26, 2022. https://doi.org/10.11144/Javeriana.iued26.splt

https://orcid.org/0000-0002-9131-2135
https://orcid.org/0000-0001-8448-8231
https://orcid.org/0000-0002-9963-493X
https://orcid.org/0000-0002-2555-0346
https://orcid.org/0000-0002-7381-6591
https://orcid.org/0000-0002-9267-3530
mailto:scaceresg@unal.edu.co


A Systematic Layout Planning and TOPSIS Application for the Design of a Power Generation Turbine Parts Repair Workshopa 

INGENIERÍA Y UNIVERSIDAD: ENGINEERING FOR DEVELOPMENT | COLOMBIA | V. 26 | 2022 | ISSN: 0123-2126/2011-2769 (Online) | Pag. 2 

Abstract 

Objective: This paper presents a joint 

application of systematic layout planning 

(SLP) and TOPSIS methods for the facility 

layout design of a power generation turbine 

parts repair workshop. The SLP method is an 

easy-to-apply tool that can consider both 

qualitative and quantitative criteria. Materials 

and Methods: In this case study, the SLP 

method is adapted for a future plant project 

that is not currently in place. First, instead of a 

materials flow analysis, the definition of the 

process flow, as well as the department 

requirements, is carried out. Then, the 

closeness relationships between the process 

flow activities and the layout alternatives are 

determined. Finally, the TOPSIS method is 

applied to evaluate and select the best layout 

alternative according to the compliance with 

closeness relationships, the location of 

dangerous departments, the flow of 

operations, and the location of departments 

around a current electrical substation. Results 

and Discussion: The resulting facility design 

complies with the defined criteria, and its 

architectural and layout designs are presented 

using 3D software. Conclusion: The joint 

application of SLP and TOPSIS methods 

allowed us to obtain a proper facility layout 

design for the case of a power generation 

turbine parts repair workshop. 

 

 

 

 

 

 

 

 

Keywords: Facility design, systematic layout 

planning, TOPSIS, power generation turbines, 

case study. 

Resumen 

Objetivo: En este documento se presenta una 

aplicación conjunta de los métodos de 

Planificación Sistemática de la Distribución 

(SLP) y TOPSIS para el diseño de distribución 

de instalaciones de un taller de reparación de 

piezas de turbinas de generación eléctrica. El 

método SLP se ha conocido como una 

herramienta de fácil aplicación que puede 

considerar tanto criterios cualitativos como 

cuantitativos. Materiales y Métodos: En este 

estudio de caso, el método SLP se adapta para 

un futuro proyecto de planta que no está 

actualmente en marcha. En primer lugar, en 

lugar de un análisis de flujo de materiales, se 

lleva a cabo la definición del flujo de proceso, 

así como de los requisitos de departamentos 

para la futura planta. Luego, las relaciones de 

cercanía entre las actividades del flujo de 

proceso y las alternativas de distribución en 

planta son determinadas. Finalmente, se aplica 

el método TOPSIS para evaluar y seleccionar 

la mejor alternativa de distribución en planta, 

de acuerdo con el cumplimiento de las 

relaciones de cercanía, la ubicación de los 

departamentos peligrosos, el flujo de 

operaciones y la ubicación de los 

departamentos alrededor de una subestación 

eléctrica actual. Resultados y Discusión: El 

diseño de la instalación resultante cumple con 

los criterios definidos y sus diseños 

arquitectónicos y de distribución en planta se 

presentan utilizando software 3D. Conclusión: 

La aplicación conjunta del SLP y TOPSIS 

permitió obtener un diseño de distribución en 

planta apropiado para el caso del taller de 

reparación de partes de turbinas de generación 

eléctrica. 

 

Palabras Clave: Diseño de instalaciones, 

planeación sistemática de la distribución, 

TOPSIS, turbinas de generación eléctrica, 

caso de estudio. 
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Introduction 

Facility layout design is one of the fundamental decisions in operations management since it 

directly impacts the productivity of a company’s production process. Facility layout design 

is considered a strategic decision in industrial organizations and consists of adequately 

arranging machines, workstations, or departments within a plant floor to operate production 

processes effectively, that is, with minimum operating costs and high productivity [1]–[3]. 

An effective facility layout design can be obtained either through the application of 

mathematical approaches that optimize qualitative or quantitative criteria or through 

procedural approaches that consider these criteria, as well as expert knowledge [4]–[6]. One 

of the most traditional methods in facility design, and still in use today, is Müther’s 

systematic layout planning (SLP) method [7]. 

 

The SLP procedure was first presented by Müther [8] and consists of obtaining the best layout 

alternative that complies with a set of defined closeness relationships for the departments or 

processes to be installed within a facility. These closeness relationships can also be based on 

criteria such as the safety of people, the needs of the production processes and the flow of 

materials between departments [3], [7]. Being a method based on the expertise of the design 

team, the definition of solution alternatives, as well as the selection of the best layout 

alternative, becomes a problem that can be addressed through computer-based design 

techniques, as well as multicriteria selection methodologies. 

 

This paper presents the application of Müther's SLP procedure in conjunction with the use of 

design software, such as AutoCAD and SketchUp, and the Technique for Order Preference 

by Similarity to Ideal Solution (TOPSIS) for the design and selection of the best facility 

layout for a power generation turbine component repair shop case that is planned to be 

installed in Colombia. Power generation processes include a set of mechanical and physical 

processes that cause deterioration in the critical parts of the turbines, such as the first- and 

second-stage blades of thermoelectric turbines as well as the Pelton or Francis wheels in 

hydroelectric turbines. This deterioration include cracks, abrasive or erosive surface wear, 

and deformations in the parts, which causes a reduction in their useful life [9], [10]. For this 

reason, critical components of power generation turbines require proper and periodic 

maintenance to increase their useful life and ensure the power generation process, which is 

important for country demands. However, when outsourced, these maintenance services 

generate high costs related to the shipping, importation and exportation of parts, as well as 

the quality of the maintenance itself and the opportunity cost derived from the time of the 

components under maintenance. 

 

For this reason, a power generation turbine part repair shop to provide repair and protection 

services for these critical components needs to be installed in Colombia to reduce 
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maintenance costs and times and to increase the operating and useful life of the asset. 

However, the design of an industrial shop that performs the repair and protection processes 

of these components is not simple due to the complexity and variety of the parts, the 

unfamiliarity of the process, and the needs and the safety risks involved in the required 

operations. In this sense, the determination of a facility layout design for the novel case of 

the industrial shop for the repair of power generation turbine parts, through the integration of 

SLP and TOPSIS methods, as well as the use of design software, is the main contribution of 

this paper. 

 

This paper is divided as follows: Section 2 presents a brief literature review related to the 

facility layout design solutions, Section 3 describes the SLP and TOPSIS methods, Section 

4 presents the application of the SLP and TOPSIS approaches to the layout design of the 

power generation turbine parts repair workshop, and Section 5 presents conclusions and 

future research insights. 

 

Literature review 

 

Analytical and procedural methods have been presented for designing plant layouts based on 

the customer, risk prevention, and closeness requirements, among other qualitative criteria. 

Tompkins [3] mentioned the analytical procedures presented by Reed [11], Apple [12], and 

Müther [8], as well as heuristic procedures such as the Computerized Relative Allocation of 

Facilities Technique (CRAFT) [13] and the Multi-Floor Plant Layout Evaluation 

(MULTIPLE) [14], among others. The above techniques and procedures have been widely 

applied in different contexts; however, Müther’sSLP method has stood out for its ease of 

application, its qualitative and quantitative approach, and its integration with other 

methodologies as well as the integration of expert criteria. 

 

Table 1 presents some of the facility layout design literature that has used the SLP procedure. 

The table lists the author(s), the layout design method, the focus of the paper, and the 

industrial or service sector where it was applied. The applications of the SLP procedure vary 

from the industrial sector [15]–[23] through the food [24]–[26] and construction [27] 

industries to the service sector [28]–[32]. Similarly, a wide variety of techniques have been 

integrated into the application of the SLP method, which include multicriteria decision 

techniques, such as AHP [15], [20], [29]–[31], [33] and fuzzy logic [18], [28], [29]; 

mathematical optimization algorithms [16], [20], [21], [27], [33], [34]; and simulation [18], 

[23], [24], [35], among others. The table also shows the contribution of this paper to the 

literature by applying the SLP method to the repair of power generation turbine parts case, 

based on the definition of the operating flows and the use of the TOPSIS method for obtaining 

the best layout alternative for the case study. 
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Table 1. Facility layout design literature using the SLP procedure 

Author(s) Layout Design Approach Focus of the paper Application 

[15] 
SLP and Analytic Hierarchy 

Process (AHP) 
Alternative selection 

Semiconductor wafer 

fabrication 

[28] SLP and fuzzy constraint theory Alternative selection Operating theatre 

[16] 

SLP and multiobjective genetic 

algorithm (MOGA) with local 

search 

Material handling optimization 

Large-scale hydraulic 

steering control unit 

production 

[25] SLP and hygienic requirements Hygienic layout Food processing 

[17] SLP None Switch gear manufacturing 

[34] SLP with subdepartments 
Subdepartments optimization 

methodology 
None 

[24] SLP and simulation 
Alternative selection, 

simulation and Industries 4.0 
Coffee processing plant 

[18] 
SLP, simulation, and fuzzy 

variables 

Alternative selection, cellular 

layout 
TFT-LCD production 

[27] 
SLP and building information 

modeling (BIM) 
SLP-BIM framework Construction site 

[19] SLP and ergonomics Ergonomics Garment industry 

[29] SLP, SHELL, and AHP 
Human reliability analysis and 

alternative selection 
Operating theatre 

[30] SLP and AHP Alternative selection 
Home-based rehabilitation of 

elderly patients 

[31] 

SLP, Quality Function 

Deployment 

(QFD) and AHP 

Customer satisfaction 
University’s academic 

department 

[26] SLP None Wine production 

[33] 
SLP, genetic algorithms and 

AHP 

Material handling optimization 

and alternative selection 
Ship cabin placement 

[20] SLP, CRAFT, QAP, and AHP Integration of techniques 
Metal furniture 

manufacturing 

[32] SLP and lean health care Lean integration 
Sterilization unit of a 

hospital 

[36] SLP None Forestry production system 

[35] SLP and simulation Material handling optimization Cotton industry 

[21] SLP and line balancing Line balancing Wood industry 

[22] SLP Alternative evaluation Can production company 

[23] SLP and simulation Simulation Solar module assembly 

[37] SLP, QFD, and TOPSIS Alternative selection 
Extrusion products 

manufacturing 

[38] 
SLP, Group Technology and 

TOPSIS 
Group technology None 

This paper SLP and TOPSIS 
Operations flow definition and 

alternative evaluation 

Repair of power generation 

turbine parts 

Source: Authors’ own creation. 
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Materials and methods 

The systematic Layout Planning (SLP) method 

The SLP methodology allows the designer to generate alternatives of the plant layout where 

departments are initially arranged in a general way to later define in-detail layouts for each 

department [3], [7]. This procedure then requires the participation of stakeholders in the 

distribution project to define in stages the location of the departments or work areas, as well 

as the details of each department. 

 

In the proposed approach, layout alternatives are generated based on closeness relationships 

using design software. These closeness relationships can be defined based on material flows, 

space requirements, safety conditions or other specific characteristics of processes, according 

to one of the following: absolutely necessary (A), especially important (E), important (I), 

ordinary closeness (O), unimportant (U), and not desirable (X) relationships [7]. Figure 1 

shows the general SLP procedure. Given a pair of departments, one of the abovementioned 

closeness relationships is defined for them, and an activity relationship chart is generated to 

produce dimensionless block and space relationship charts, which will be the basis for facility 

layout alternatives. Finally, layout alternatives are evaluated according to the customer’s 

needs, and a final layout is selected for the future plant. 

 

Figure 1. The SLP procedure 

   
Source: Adapted from Tompkins, 2010. [3] 
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Since the process of repairing turbine parts is not currently operating in the power generation 

company, the determination of the process and materials flow is a challenging task. Usually, 

the application of a materials from-to chart [19], as well as of the PQRST (product, quantity, 

routing, supporting and time) analysis of the process [15], [17], [35], is presented as input to 

the SLP procedure. However, the operations and materials flow for the case study are defined 

based on the expert’s knowledge and by applying industrial engineering techniques, such as 

process flow diagrams. 

 

The SLP method is used in this application because it encompasses a complete procedure 

that allows the development of layout alternatives from qualitative and quantitative data of 

processes [26], [33]. This is important for the case under study, since the repair of turbine 

components requires high impact operations for the safety and health of people and operation 

flows that are not yet defined. 

 

The Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) 

The Technique for Order Preference by Similarity to Ideal Solution was first presented by 

Hwang and Yoon [39] and is a very well-known approach to the solution of multicriteria 

decision-making problems [40]. In TOPSIS, a set of 𝑚 alternatives is evaluated according to 

a set of 𝑛 attributes or criteria, and the selection of the best alternative is made based on the 

relative closeness of each alternative to the defined ideal positive [39]. 

 

In this sense, the TOPSIS technique encompasses the following steps. 

 

1) First, a normalized decision matrix is constructed consisting of the numerical 

outcome (𝑥𝑖𝑗) of each alternative 𝑖 with respect to each criterion 𝑗, where 𝑟𝑖𝑗 is the 

normalized element of each numerical outcome and is given by Equation 1. 

 

 
𝑟𝑖𝑗 =

𝑥𝑖𝑗

√∑ 𝑥𝑖𝑗
2𝑚

𝑖=1

 
(1) 

 

2) The next step includes the construction of the weighted normalized decision matrix 

by multiplying each normalized element by a set of weights 𝑤, given for each 

criterion 𝑗, where ∑ 𝑤𝑗 = 1𝑛
𝑗=1 . 

3) The following step consists of determining the ideal (𝑣𝑗
∗) and negative-ideal (𝑣𝑗

−) 

solutions for each criterion 𝑗. 

4) The separation between each alternative from the ideal and negative-ideal solutions 

is calculated in this step, as given in Equation 2. This separation is measured using 

the Euclidean distance norm. 
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𝑆𝑖∗ = √∑ (𝑣𝑖𝑗 − 𝑣𝑗

∗)2𝑛
𝑗=1 ,  𝑆𝑖− = √∑ (𝑣𝑖𝑗 − 𝑣𝑗

−)2𝑛
𝑗=1 ,    𝑖 = 1, 2,… ,𝑚  (2) 

 

5) In the next step, the relative closeness (𝐶𝑖∗) of each alternative is computed with 

respect to the ideal solution, as shown in Equation 3¡Error! No se encuentra el o

rigen de la referencia.. The relative closeness value is between 0 and 1, where 𝐶𝑖∗ =

1 means that alternative is the ideal solution and 𝐶𝑖∗ = 0 is the negative-ideal 

solution. 

 

 𝐶𝑖∗ =
𝑆𝑖−

𝑆𝑖∗+𝑆𝑖−
  (3) 

 

6) The final step consists of ranking the preference order of the alternatives based on the 

descending value of C_(i*). The mathematics behind the TOPSIS method used in this 

application can be found in [39]. 

 

Results 

This section presents the development of the SLP procedure integrating the use of design 

software for the generation of solution alternatives and the TOPSIS technique for the 

selection of layout alternatives for the future installation of an industrial turbine parts repair 

shop in the city of Medellin by a Colombian power generation. As mentioned in the 

methodology above, the material flow step was replaced by the definition of a general process 

flow based on the company's expert knowledge. 

 

Data and activities input 

The determination of the data and activities input for the SLP-TOPSIS process was carried 

out through meetings with experts from the power generation company on topics related to 

turbine maintenance and operation, as well as with the participation of researchers in the 

areas of materials and component protection from the National University of Colombia in 

Medellin. 

 

Definition of the process flow 

A general process flow for the repair of power generation turbine parts is presented in Figure 

2. The repair process  starts with the reception of parts that arrive at the shop from the power 

generation plants. The coating is then removed from the parts through sandblasting and/or 

chemical processes so they can be inspected and a diagnosis of the condition of the parts can 

be performed. The diagnosis of the parts allows determining whether a part can be repaired 
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or should be discarded. The next steps consist of recovering the dimensions and geometries 

of the parts through welding and machining processes, respectively. After these steps, a series 

of thermal and spraying processes are performed to prepare and coat the surface of the parts, 

which should increase their operating lifecycle. Finally, the parts receive a surface finish 

through operations such as polishing or painting and are then prepared for shipment to the 

power plants. 

 

 

Figure 2. A general process flow for the repair of turbine parts 

 
Source: Authors’ own creation. 

 

Definition of the activity requirements 

The next step in determining the data and process inputs for the turbine parts repair shop was 

the definition of the activity requirements, which included the creation, description and 

determination of the areas of the departments to be in the shop, as shown in Table 2. Each 

activity in the process flow in Figure 2 was included as an independent department for the 

future plant. Departments such as reception and dispatch area, diagnostic, sandblasting, 

chemical area, welding, machining area, ovens, spraying, and finishing area were included 

to install the main repair activities. Auxiliary departments were also considered in this list, 

which included general storage, laboratory, administrative area, powder preparation area, and 

gas storage area. Similarly, service departments, such as laundry, waste disposal, first aid, 

and dining, and rest areas were included to increase the safety and health of the personnel. 
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Table 2. Description of the department requirements for the repair of turbine parts 

N° Department Description Area (m2) 

1 
Reception and 

dispatch area 
Reception and dispatch of parts from and to power generation plants. 182.05 

2 Diagnostic Diagnostic and inspection of parts. 301.44 

3 Sandblasting Mechanical surface removal processes. 258.58 

4 Chemical area 
Location of modular tanks, which contain chemical solutions for removing 

surface. 
149.40 

5 Welding 
Modular cubicles for welding operations, and the operation of welding 

robots. 
315.42 

6 Machining area Milling, CNC-milling, lathing and CNC-lathing machines, among others. 225.06 

7 Ovens Vault and retort ovens, and a control unit room. 242.36 

8 Laboratory 
Inspection equipment, microscopes, and small mechanical equipment to 

analyze part samples. 
154.66 

9 Spraying 
Atmospheric Plasma Spraying (APS) and High-Velocity Oxygen Fuel 

(HVOF) spraying cabins. 
223.48 

10 Finishing area Surface finishing activities, such as a painting cabin. 44.16 

11 General storage Storage of materials, spare parts, among other supplies. 40.25 

12 Gas storage zone Secure storage of gas pumps. 22.82 

13 Lockers Used for changing and storing personnel clothing. 10.20 

14 Restrooms Location of men and women restrooms. 20.13 

15 Administrative area Engineering, supervision, and other administrative tasks. 45.36 

16 Laundry area 
Location of laundry and drying machines for workers operating chemical 

tanks. 
25.22 

17 Waste disposal area Disposal of the shop waste. 44.80 

18 First aid area Provision of first aid services. 20.18 

19 Dining and rest area Personnel dining and rest areas. 45.41 

20 
Powder preparation 

area 
Preparation of powder for the spraying process. 31.9 

Total area requirements: 2402.88 

Source: Authors’ own creation. 

 

Determination of the relationships between activities 

The determination of the activity relationships was made according to the scale of the 

relationships presented by Müther [7], as mentioned in the methodology section. Similarly, 

each relationship between two departments was justified by considering the reasons 

presented in the literature [3]: 1, if the departments are at the same level; 2, if it is due to the 

material flow; 3, if it is due to services; 4, if it is due to convenience; 5, if it is due to inventory 

control reasons; 6, if it is due to communication reasons; 7, if it is due to staff reasons; 8, if 

it is due to cleaning requirements; and 9, if it is due to the flow of parts. 
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The closeness relationships between activities were also defined through meetings between 

the company’s experts. Personal safety and health needs, as well as specific characteristics 

of processes, were considered when determining a closeness relationship between a pair of 

activities. Then, the closeness relationships and their justification for the 20 departments were 

included in the Activity Relationship Chart, as presented in Figure 3, where areas such as 

ovens, chemical processes, and gas storage were given undesirable relationships between 

them since each of them are dangerous processes. Additionally, areas whose activity is 

similar or whose processes are subsequent in the flow of the operation, such as sandblasting, 

chemical processes and diagnostics, were given absolutely necessary or especially important 

relationships. 

 

Figure 3. Activity relationship chart for the case study 

 
Source: Authors’ own creation. 

 

 

Calculation of space requirements and definition of the available space 

The area requirements of each department were calculated using Guerchet’s Method [2], 

which consists of defining static, gravitational, and evolution area requirements. The static 

area refers to the required area for the location of machines or workstations (i.e., dimensions 

of width and length). The gravitational area is related to the position of the machine operators, 
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material or work-in-process storage, and other service areas around the workstation. Finally, 

the evolution area requirements refer to the area dedicated to the transportation of people and 

materials, as well as the preventive distance between a dangerous operation and the flow of 

people and materials. The evolution area is also considered for future changes in the facility 

layout. The sum of static, gravitational, and evolution areas resulted in the area requirements 

for each department, as presented in Table 2. For the location of the industrial shop, a total 

area of 3,082 m2 was selected in one of the company's facilities in the city of Medellin. 

 

Development of layout alternatives and inclusion of considerations and limitations 

Once the closeness relationships between activities were determined, the next step consisted 

of proposing and evaluating the layout alternatives for the turbine parts repair shop. This step 

was completed by defining a dimensionless block diagram, as shown in Figure 4, which 

allowed determining the location of the departments according to the closeness relationships. 

The diagram shows a U-type process flow, which facilitates the flow of materials through 

the departments. Based on the dimensionless block diagram, three layout alternatives were 

generated considering the space requirements of the departments and their location on the 

floor plan for the industrial shop using design software such as AutoCAD® and SketchUp®. 

Some considerations and limitations encountered in this step included the current area and 

space distribution for the planned shop layout, as well as the impossibility of moving an 

electrical substation that was currently located within the facility. 

 

Figure 4. Dimensionless block diagram for the case study 

 
Source: Authors’ own creation. 
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Evaluation of the layout alternatives using TOPSIS 

The final step of the SLP procedure was carried out by applying the TOPSIS technique to the 

evaluation of layout alternatives. In this process, a total of three layout alternatives were 

defined and evaluated in this step, considering four evaluation criteria defined by the team of 

experts. A total of three layout alternatives were determined and evaluated in this step, 

considering four evaluation criteria defined by the team of experts. These criteria included: 

1) compliance with proximity ratios; 2) the location of hazardous departments; 3) the general 

parts flow, according to the process diagram; and 4) the location of departments around an 

electrical substation. The criteria, as well as their weights, are presented in Table 3. 

 

Table 3. Criteria for evaluating the layout alternatives 

Criteria Description Weights 

C1 Compliance with closeness relationships 0,25 

C2 The location of hazardous departments 0,35 

C3 The flow of materials through the plant 0,25 

C4 The location of departments around an electrical substation 0,15 

Source: Authors’ own creation. 

 

The definition of the criteria was focused on obtaining a final layout that would better comply 

with the closeness relationships between activities, considering the safety of the operation 

and people and that would privilege the flow of materials between departments. The 

limitation of the location of the electrical substation in the facility was also considered 

because it represents a risk to the safety of the workshop; therefore, it was decided to include 

it as an additional criterion in the TOPSIS analysis. Considering these criteria, the procedure 

defined in the methodology for the TOPSIS technique was then carried out, as described in 

Appendix A. 

 

Table 6 shows the values for the Euclidean norm magnitude (Xi) for each criterion. The 

values are related to the denominator in Equation (1). The calculation of rij is shown in Table 

7, where the normalized decision matrix is shown. This table also shows the normalized 

values for the ideal and negative-ideal solutions. Finally, Table 8 and Table 9 contain the 

distances between the alternatives to the positive and negative ideals, respectively. The 

distance or separation, as presented in Equation (2), is shown in the last column on the right-

hand side of each table. 

 

The results of the analysis are listed in Table 4 and Table 5. Table 4 shows the evaluation of 

the layout alternatives for each criterion on a scale of 1 to 5, where 1 is the lowest compliance 

over the evaluated criterion and 5 is the highest compliance. The objective for all criteria, in 

this case, was to maximize the evaluation given for each alternative. Finally, Table 5 presents 

the relative closeness results, which are the main variables for determining the best layout 

alternative for this application. In conclusion, alternative A2 was selected as the preferred 



A Systematic Layout Planning and TOPSIS Application for the Design of a Power Generation Turbine Parts Repair Workshopa 

INGENIERÍA Y UNIVERSIDAD: ENGINEERING FOR DEVELOPMENT | COLOMBIA | V. 26 | 2022 | ISSN: 0123-2126/2011-2769 (Online) | Pag. 14 

alternative using the TOPSIS method since it is the alternative that is the least distant from 

the ideal values for each defined criterion. 

 

Table 4. Evaluation of the layout alternatives 

Layout 

alternative 

C1 C2 C3 C4 

Maximize Maximize Maximize Maximize 

A1 3* 3 4 3 

A2 4 5 3 4 

A3 4 2 3 4 

*Ratings were selected between 1 and 5. 

Source: Authors own creation. 

 

Table 5. Preference order for the layout alternatives after applying TOPSIS 

Preference order 

Layout 

alternative 

Relative 

closeness 

A2 0,1956069 

A1 0,632296454 

A3 0,794138025 

Source: Authors’ own creation. 

 

The layout alternative selected (A2) for the power generation turbine parts repair shop is 

presented in Figure 5. As it is a larger area than the required one, the proposed plant 

distribution allowed us to locate the departments, respecting the proximity relations, the area 

requirements, and the safety risks between departments, while leaving a free space for green 

areas, transit of parts and future changes. 
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Figure 5. Selected plant layout alternative (A2) for the case study 

 
Source: Authors’ own creation. 

 

Once the plant layout was discussed and selected, the next step consisted of presenting the 

design of the future workshop using 3D design software. The architectural design of the 

facility, as well as the layout of the machines within each department, are presented in Figure 

6 and Figure 7, respectively, and were developed using AutoCAD®, Lumion®, and 

SketchUp® software by the company’s architectural team and the authors of this paper. 
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Figure 6. 3D image of the architectural design of the workshop facility using Lumion® Software 

 
Source: Power generation company’s architectural team. 

 

 

Figure 7. 3D image from the roof of the layout of the main departments for the repair workshop using 

SketchUp® Software 

 
Source: Authors’ own creation. 
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Conclusions 

In this paper, a novel SLP-TOPSIS application is presented to select the best facility layout 

design for the case of a power generation turbine parts repair shop. The SLP method was 

described and applied, and the TOPSIS multicriteria decision-making analysis was integrated 

to evaluate the layout alternatives generated using design software. First, instead of 

performing a material flow analysis (i.e., a from-to matrix or a PQRST analysis), the flow of 

operations for the repair processes of critical turbine parts was defined through meetings with 

experts and researchers in the field. Next, the process and area requirements of the 

departments were defined, and the closeness relationships between them were determined, 

considering their specific characteristics and risks, as well as the flow of operations. Finally, 

three layout alternatives were generated using the dimensionless block and the space 

relationship diagrams, as well as design software such as AutoCAD® and Sketchup®, and a 

multicriteria evaluation analysis was performed using TOPSIS, where the compliance with 

the closeness relationships, the location of hazardous departments, the flow of materials 

through the plant, and the location of departments around an electrical substation were 

considered criteria for the technique. The selected layout alternative was approved by the 

team of experts, and the facility architectural and layout designs were developed using 

Lumion® and Sketchup® 3D software, respectively. 

  

The integration of the SLP and TOPSIS methods resulted in the design and selection of a 

properly distributed facility for a process that would reduce the cost of repairing turbine parts 

for the power generation company. Future research will focus on determining the cost‒

benefit ratio of the plant installation compared to the previous repair process. 
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Appendix 

Appendix A. TOPSIS application for the evaluation of layout alternatives 

 

Table 6. Euclidean norm magnitude, Xi 

 C1 C2 C3 C4 

Xi 6.403124237 6.164414003 5.830951895 6.403124237 

Source: Authors’ own creation 

 

Table 7. Associated normalized decision matrix 

Layout 

alternative 

C1 C2 C3 C4 

Maximize Maximize Maximize Maximize 

A1 0.468521286 0.486664263 0.685994341 0.468521286 

A2 0.624695048 0.811107106 0.514495755 0.624695048 

A3 0.624695048 0.324442842 0.514495755 0.624695048 

 

Ideal 0.624695048 0.811107106 0.685994341 0.624695048 

Anti-ideal 0.468521286 0.324442842 0.514495755 0.468521286 

Source: Authors’ own creation 

 

Table 8. Euclidean distances to positive ideals 

Distance to positive ideal 

Layout 

alternative 

C1 C2 C3 C4 
Distance 

Maximize Maximize Maximize Maximize 

A1 -0.03904344 -0.113554995 0 -0.023426064 0.1223434 

A2 0 0 -0.042874646 0 0.042874646 

A3 0 -0.170332492 -0.042874646 0 0.175645647 

Source: Authors’ own creation 

 

Table 9. Euclidean distances to negative ideals 

Distance to negative ideal 

Layout 

alternative 

C1 C2 C3 C4 
Distance 

Maximize Maximize Maximize Maximize 

A1 0 0.056777497 0.042874646 0 0.071147168 

A2 0.03904344 0.170332492 0 0.023426064 0.176313155 

A3 0 -0.170332492 -0.042874646 0 0.045532085 

Source: Authors’ own creation 

 

 


