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ABSTRACT. This research aims to improve productivity and customer satisfaction in 
the automotive maintenance sector in Peru, which faces problems such as inefficiency 
in after-sales services and poor inventory management. The methodology involves the 
integration of lean manufacturing tools—including 5S, material requirements planning 
(MRP), standardized work, among others. The implementation of these tools seeks 
to optimize workspace organization, improve inventory management, and stream-
line service operations. The main results revealed a 20,37  % reduction in downtime, 
a decrease in stockouts from 11,81 % to 3,58 %, and a reduction in cycle time from 3 
hours and 15 minutes to 1 hour and 36 minutes. These advancements contributed to 
a significant increase in customer satisfaction, as evidenced in the rise of NPS from 
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46 % to 79 %. Exploring the use of digital technologies such as IoT and AI is suggested 
to achieve further improvements.

KEYWORDS: after-sales service / inventory management / standardized work / 
efficiency optimization / lean manufacturing

OPTIMIZACIÓN DE LOS SERVICIOS POSTVENTA EN EL 
SECTOR DEL MANTENIMIENTO AUTOMOTRIZ: UN ESTUDIO 
DE CASO DE LEAN MANUFACTURING Y MRP EN PERÚ

RESUMEN. El objetivo de esta investigación es mejorar la productividad y la satisfacción 
del cliente en el sector del mantenimiento de automóviles en Perú, que se enfrenta a 
problemas como la ineficiencia en los servicios posventa y la mala gestión de los inven-
tarios. La metodología incluye la integración de herramientas de lean manufacturing, 
por ejemplo 5S, material requirements planning, procesos de trabajo estandarizados, 
entre otros. La implementación de estas herramientas busca optimizar la organización 
del espacio de trabajo, mejorar la gestión de inventarios y agilizar las operaciones de 
servicio. Los principales resultados fueron una reducción del 20,37% del tiempo de inac-
tividad, una disminución de las roturas de stock del 11,81% al 3,58% y una reducción del 
tiempo de ciclo de 3 horas y 15 minutos a 1 hora y 36 minutos. Estos avances contribu-
yeron a un aumento significativo de la satisfacción del cliente, reflejado en un incremento 
del NPS del 46% al 79%. Se sugiere explorar el uso de tecnologías digitales como IoT e 
IA para seguir mejorando.

PALABRAS CLAVE: servicio posventa / gestión de inventarios / trabajo estandarizado 
/ optimización de la eficiencia / lean manufacturing
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INTRODUCTION

In the competitive automotive sector, customer satisfaction—as reflected by after-sales 
service—is a key differentiating factor. For this reason, companies pursue to increase 
their value through after-sales service quality and evaluate it through established 
indicators (Oriundo Ayala, 2019). The company analyzed in this study reported a net 
promoter score (NPS) for its vehicle maintenance service that fell short of its goal, which 
is set at 80 %. The gap highlights the possibilities of increasing operational efficiency 
and customers’ perceived service quality.

This research presents a broader picture that encompasses both qualitative and 
quantitative aspects, aiming to improve delivery times and increase customer satisfaction. 
This aligns with the company’s continuous pursuit of improvement and innovation 
(Abad Alburqueque, 2018; Kochańska & Burduk, 2023). The methodology involves the 
application of lean manufacturing (LM), material requirements planning (MRP), and 
standardized work (SW) tools to improve the efficiency of maintenance processes 
and evidence their positive impact on the NPS. This study is expected to contribute to 
scientific knowledge in supply chain management in the automotive industry, serving as 
a guide for other companies seeking to improve their service level and foster customer 
loyalty. In summary, it seeks to demonstrate that the joint application of LM and MRP in 
after-sales service can lead to significant service improvements, which will translate into 
a higher NPS and, ultimately, greater business success.

Rationale

Globally, most industries prioritize product improvements, leaving aside service quality 
(Oriundo Ayala, 2019). In this scenario, we have identified gaps in the service stations 
of automotive companies, concerning downtime in the after-sales process, which does 
not add extra value to their service. The reviewed literature highlight a key issue: the low 
service level provided by Peruvian car dealerships. One article identified the Peruvian 
automotive sector as facing emerging problems in the supply chain, emphasizing the 
sector’s significant social and economic impact on Peru’s gross domestic product 
(GDP): in June 2022, the regional economy experienced a growth of 3,44 %, one of the 
highest peaks in the period (Industria automotriz creció 4,82 % en 2022, ¿qué se espera 
para este año?, 2023; Pereira et al., 2016). Many organizations within the sector perceive 
problems in meeting a balance between cost efficiency and excessive downtime within 
the plant, which significantly influences customers’ perceived service quality (Morocho 
& Armas, 2017; Villarreal Samaniego et al., 2022). According to the reviewed literature, 
many studies seek to provide quality in operations, overlooking efficiency. While they 
focus on customer experience and marketing, they should provide an action plan against 
untimely deliveries in order to increase effectiveness (Caparachín Flores & Santa Cruz 
Tineo, 2019; Gstalter et al., 2020).
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Another article suggests that poor operations management is reflected in the 
accumulation of downtime within service management, highlighting the need to 
reduce it in order to boost productivity and increase competitiveness (Sánchez 
Villegas, 2019). In this context, the company under study should improve efficiency 
and effectiveness, optimize processes, and reduce downtime (Alvarez Flores & Alvites 
Cruz, 2018; Brkljac et al., 2023; Frohn-Sörensen et al., 2021). To address these problems, 
the implementation of the Lean methodology is proposed (Mohapatra et al., 2021). The 
first step involved applying the 5S tool to organize, classify, and eliminate elements 
that hinder the operators’ work within the service area. Subsequently, time-tracking 
recording identified the warehouse activity with the highest downtime, leading to the 
proposal to implement the MRP tool to optimize operational efficiency. Finally, after 
the implementation of these two tools, it was suggested to establish a standardized 
workflow to integrate the improvements and ensure a proper record. This was achieved 
with the help of the SW tool.

Problem diagnosis

According to the analysis of the automotive sector, the standard NPS is set at 80 %, largely 
due to the implementation of good practices within operational processes. Therefore, 
this standard was used as a reference in the study to evaluate whether the improvement 
initiative could contribute to increasing the current key performance indicator (KPI) 
(Arhuis Aponte & Campos Veliz, 2016). In this context, the NPS was established as a 
key customer-centric performance indicator. Historical data collected up to August 2023 
reported an NPS of 45,91 %, which aligned with the company’s estimated projection for 
that year. However, an analysis of the monthly trend revealed an average NPS of 45,25 % 
during the first eight months of 2024—a figure that is below the industry benchmark. To 
deepen our study, we used a value stream mapping, which helped design a root cause 
analysis diagram to identify areas for improvement within the maintenance operations 
system (Figure 1).



117

Optimizing After-Sales Services in the Automotive Maintenance Sector

Ingeniería Industrial n.o 48, junio 2025

Fi
gu

re
 1

Va
lu

e 
St

re
am

 M
ap

pi
ng

Re
ce

pt
io

n 
an

d 
In

sp
ec

tio
n

Co
ns

ul
ta

tio
n 

an
d 

Di
ag

no
si

s
Pr

ev
en

tiv
e 

M
ai

nt
en

an
ce

 
Se

rv
ic

e
Ve

hi
cl

e 
W

as
hi

ng
Ch

ec
k 

Li
st

 a
nd

 
Ro

ut
e 

Te
st

Ve
hi

cl
e 

De
liv

er
y

C/
T 

= 
20

 m
in

 

Op
er

at
or

s 
= 

1

N
PS

 =
 4

6 
%

St
d.

 N
PS

 =
 8

0 
%

C/
T 

= 
15

 m
in

Op
er

at
or

s 
= 

1

C/
T 

= 
95

 m
in

Op
er

at
or

s 
= 

3

Er
ro

rs
 =

 8
,7

5 
%

St
an

da
rd

 E
rro

rs
 =

 
5 

%

C/
C 

= 
89

,9
0 

%

St
an

da
rd

 C
/C

 =
 

95
 %

C/
T 

= 
40

 m
in

Op
er

at
or

s 
= 

4

Q
ua

lit
y 

of
 w

as
hi

ng
 

= 
91

,7
0 

%
St

an
da

rd
 Q

ty
 

W
as

hi
ng

 =
 9

5 
%

C/
C=

 8
9,

90
 %

St
an

da
rd

 C
/C

 =
 

95
 %

C/
T 

= 
10

 m
in

Op
er

at
or

s 
= 

1

Q
lty

. R
.T

. =
 8

7,
5 

%

St
d 

Q
ty

. R
.T

. =
 9

2 
%

C/
C 

= 
89

,9
0 

%

St
d.

 C
/C

 =
 9

5 
%

C/
T 

= 
10

 m
in

Op
er

at
or

s 
= 

1

C/
C 

= 
89

,9
0 

%
 

St
d.

 C
/C

 =
 9

5 
%

Pr
od

uc
tio

n 
Co

nt
ro

l

W
or

ks
ho

p 
Co

ns
ul

ta
nt

s

Pr
od

uc
tio

n 
Co

nt
ro

l

W
or

ks
ho

p 
M

an
ag

er

W
ee

kl
y 

Fo
re

ca
st

: 
54

 1
75

 P
EN

W
ee

kl
y 

Cu
st

om
er

s:
 6

4 
Pe

op
le

M
on

th
ly

 F
or

ec
as

t: 
21

6 
70

0 
PE

N

M
on

th
ly

 
Cu

st
om

er
s:

 2
52

 
Pe

op
le

Cu
st

om
er

Cu
st

om
er

M
ai

nt
en

an
ce

 
se

rv
ic

e 
er

ro
rs

W
as

hi
ng

 
er

ro
rs

Ou
t o

f t
im

e 
de

liv
er

y
Ro

ut
e 

te
st

 
er

ro
rs

Le
ad

 ti
m

e 
= 

3 
h 

55
 m

in

TC
 =

 3
 h

 1
5 

m
in

15
 m

in
5 

m
in

20
 m

in
15

 m
in

95
 m

in
10

 m
in

40
 m

in
5 

m
in

10
 m

in
5 

m
in

10
 m

in



118

P. Harboe-Chaman, K. Philipps-Berrospi, J. C. Quiroz-Flores

Ingeniería Industrial n.o 48, junio 2025

The diagnosis of the after-sales service in the automotive company reveals a 
multifactorial problem that directly affects customer satisfaction and, therefore, the 
NPS. The main deficiency identified is the lack of process standardization, which results 
in low productivity and a subsequent reduction in customers’ perceived service level. 
Additionally, weak warehouse management, specifically in the process of selecting and 
delivering slow-moving spare parts, exacerbates the situation due to a lack of order 
and structure, which hinders control and efficiency. Furthermore, delays in maintenance 
services caused by the shortage of high-turnover spare parts, together with the 
aforementioned problems, undermine customer confidence and negatively affect 
customer retention. Figure 2 presents a problem tree that summarizes these issues.

Figure 2
Problem Tree

Level 2: Root CausesLevel 1: CausesMain problem

Low NPS 
rate

Service 
execution 

errors

Late 
deliveries

42,73 %

32,30 %

Delays in finding 
tools and 

mechanical 
transferTechnical GAP:

Industry Standard
NPS rate:

80 %
Case Study:   

NPS rate:
46 %

 Economic 
impact:

25 498 PEN/year
4,78 % of revenue Others24,97 %

Stockout

Excess 
movement in the 

workshop

Employees’ lack 
of competence

53,87 %

46,13 %

43,76 %

56,24 %
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BACKGROUND INFORMATION

Due to its significant social and economic impact, the automotive industry has become a 
fundamental pillar of modern economy in Peru. In June 2022, the region’s economy grew 
by 3,44 % compared to the same month the previous year, exceeding the 2,28 % growth 
recorded in May and the market expectations of 2,5 %. Figure 3 shows more details of this 
achievement and highlights the country’s economic development (Industria automotriz 
creció 4,82% en 2022, ¿qué se espera para este año?, 2023).

Figure 3 
GDP of the Motor Vehicle Sales, Maintenance and Repair Sector
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Note. From Sector automotor avanza 4,41% en julio de 2022, by Asociación Automotriz del Perú, 2022 
(https://aap.org.pe/inei-sector-automotor-crece-4-41-julio-2022/).

As a result of the pandemic, the country’s automotive industry had a significant 
impact. In 2020, imports of automobiles and pickup trucks fell by 40  % and 27  %, 
respectively, according to data from the Asociación Automotriz del Perú (Peruvian 
Automotive Association, APP). However, the economic recovery in 2021 had a positive 
impact on the sector, with car imports rising by 26 % and pickup truck imports by an 
impressive 66 % (Villarreal Samaniego et al., 2022) (Figure 4). 
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Figure 4 
Imports of Automobiles and Pickup Trucks
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Note. From El sector automotriz en Perú se recuperó en 2021, by C. Posada Ugaz, 2022, La Cámara (https://
lacamara.pe/el-sector-automotriz-en-peru-se-recupero-en-2021/?print=print). 

According to the article “Industria automotriz creció 4,82 % en 2022, ¿qué se espera 
para este año?” (2023), the automotive sector has been affected by the growth of the 
industry, driven by the emergence of new technologies, improvements in service delivery, 
and the increasing use of digital tools in operational decision-making. The annual 
report of the Asociación Nacional de Movilidad Sostenible (Colombian Association of 
Sustainable Mobility, Andemos) indicates that Colombia’s automotive market grew by 
2,7 % compared to the previous year, with a total of 263 684 vehicles registered. Figure 5 
provides an overview of the sales ranking in the sector.

Figure 5
Economic Sheet
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Note. From La industria automotriz registró utilidades por $ 785 400 millones durante 2019, by M. A. Ruiz-Rico, 
2020, La República (https://www.larepublica.co/especiales/las-1-000-empresas-mas-grandes-de-2018/
la-industria-automotriz-registro-utilidades-por-785-400-millones-durante-2019-3041372).  
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Regarding operations, service level provided by a company often plays a key role 
in customer retention, and this is evident in the operations management of preventive 
vehicle maintenance. Deciding the appropriate frequency of such maintenance is crucial 
because the fleet’s service level is expected to remain optimal if the manufacturer’s 
maintenance recommendations are followed. Scheduled maintenance—which is based 
on mileage, hours of use, or elapsed time—is the most commonly used approach (Chávez 
Medina et al., 2020). Occasionally, establishing these parameters can sometimes pose 
problems. Therefore, it is essential to understand the vehicle’s operating conditions in 
order to identify which factors will determine maintenance needs. Figure 6 illustrates 
the day-to-day maintenance management issues related to these challenges.

Figure 6 
Day-to-Day Maintenance Management Issues (%)
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Note. From Mantenimiento preventivo de vehículos, by D. Bozzano, n.d., Evaluando Software (https://www.
evaluandosoftware.com/bpm/mantenimiento-preventivo-vehiculos/). 

To address these problems, companies within the automotive sector have explored 
various improvement proposals. One main areas evaluated and studied within the global 
automotive industry process chain is the preventive maintenance service. For this 
reason, many companies choose to assess the performance and customer recurrence 
rate. This approach improves operational efficiency, as customer satisfaction is 
reflected in the acceptance of the product or service. Therefore, the addition of best 
business practices, efficient planning, and good resource management are critical 
factors to measure efficiency and effectiveness, reducing unnecessary transfers and 
organizing the service structure (Sánchez Villegas, 2019).

With this objective in mind, a literature review was conducted to identify the main 
management issues in automotive companies or similar business sectors. First, 
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automotive dealerships in Peru with after-sales absorption rates above 80 % are more 
likely to survive during periods of low sales (Arhuis Aponte & Campos Veliz, 2016). Second, 
productivity is directly related to technician performance, which is why most dealerships 
consider a productivity range of 110 % to 150 % to be optimal for evaluating mechanic 
productivity (Amasifén Pimentel et al., 2022). Finally, the utilization percentage—the ratio 
between the time a technician spends on maintenance and the total time spent in the 
workshop—should be optimized to avoid unnecessary costs. Efficient dealerships aim 
for a utilization percentage ranging from 85 % to 95 % (TOP 3 Key Performance Indicators 
for Car Dealer Aftersales Departments, n.d.).

METHODOLOGY

This research was conducted using a detailed analysis of several key articles from 
national and international sources, collecting both qualitative and quantitative informa-
tion to strengthen the methodological framework. The project was organized into three 
stages, each involving the application of specific techniques. The first stage focused 
on the implementation of LM through the 5S methodology, aiming to optimize work-
space organization and efficiency, thereby contributing to the reduction of unnecessary 
downtime. In the second stage, the MRP system was introduced to reduce downtime 
and guarantee the availability of tools and spare parts required for delivering efficient 
maintenance services (Agrawal et al., 2010). In the final stage, the concept of SW was 
implemented, enabling the integration of all the methodologies in a standardized work-
sheet, simplifying the operational standardization, and guaranteeing compliance with 
service delivery times. In addition, instruments such as structured questionnaires, 
in-depth interviews, and the identification of detractors and promoters through social 
networks were used, allowing for a comprehensive understanding of customers’ percep-
tion. This methodological approach places a strong emphasis on the organization’s 
operational efficiency and effectiveness, with a continuous focus on improvement.

First, the 5S methodology was introduced to optimize the workspace, as 
disorganization hindered maintenance service management. As noted before, many 
inefficiencies arose from delays caused by disorganization in the workspace (Bernardo-
Saavedra et al., 2023). To address this, all aspects were considered, including the correct 
classification and segmentation of unnecessary elements, as well as the proposal of 
a standardized cleaning process. This was done through established procedures that 
helped operators in performing their tasks correctly. Maintaining clean workspaces 
and being able to identify all types of waste are essential (Villanueva Arrieta, 2018). 
Therefore, the 5S methodology plays a crucial role in ensuring order and adequately 
organizing the workspace for greater efficiency.
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Second, one of the activities—specifically, the trip to the warehouse—is experiencing 
delays due to the unavailability of many low-volume spare parts or a lack of inventory. 
A table was prepared to detail the materials planning process. This enables the 
establishment of an appropriate safety stock, as the company under study currently 
lacks one. The application of the MRP technique facilitated the development of an 
effective supply plan, allowing the company to maintain better control over its inventory 
and meet its established requirements (Chavez Medina et al., 2020). Moreover, it will 
help to be prepared for industry-related uncertainties (Jajam & Challa, 2023). This tool 
contributes to better management of inventory levels and supply plans by considering 
policies, bill of materials, and production capacities. As a result, it ensures that the 
necessary quantities are available in the right time, thus meeting the established 
requirements (Gonzales-León et al., 2023).

Finally, once the correct organizational execution is implemented, the necessary 
inventory is in place, and previous inconsistencies within the maintenance service are 
reduced, the operator will be required to perform fewer tasks in the workspaces, thereby 
optimizing process efficiency. To support this, a SW technique was designed based on 
established instructions and norms; the SW tool was used for this purpose (Coronel-
Vasquez et al., 2022; Fuentes & Rojas, 2018). 

In addition, a spaghetti diagram was created to provide a macro-level visualization 
of the routes within the maintenance service, helping to shorten unnecessary transfers. 
The operators received training and instructions on the procedures for each activity, and 
an evaluation schedule was developed to assess their effectiveness and competence.

To improve the efficiency of maintenance service management, the global model 
uses the three previously discussed methodologies. While each work effectively on its 
own, their combined use offers a distinct advantage by introducing a new approach. 
When applied together, they provide new alternatives for improvement and a wider 
scope of application. 

The 5S methodology focuses on providing an optimal space for workstations. 
Similarly, SW groups tasks to identify and eliminate unnecessary processes. Given that 
this is a maintenance service, it also requires the timely availability of essential materials. 
This is where MRP plays a crucial role since it systematizes resource requirements for 
the after-sales service. Figure 7 provides a summary of these steps.
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Figure 7 
Proposed Model Workflow
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RESULTS

The study indicators include transfer rate, stockout rate, lead time, and cycle time. The 
current transfer rate is 60,37 %, with an expected reduction to 40 % in the target situa-
tion, representing an improvement of 20,37 %. The current stockout rate is 11,81 %, with 
an expected reduction to 10 %, showing an improvement of 1,81 %. The current lead time 
is 235 minutes, with an expected reduction to 195 minutes, equating to an improvement 
of 17,03 %. Finally, the current cycle time is 195 minutes, with an expected reduction to 
165 minutes, indicating an improvement of 15,39 %. These projected results highlight 
the anticipated effectiveness of the implemented Lean tools in optimizing operational 
efficiency and improving inventory and process management in after-sales service.

Table 1
Comparative Table of Indicators

Indicators As-Is To-be Improvement

Transfer rate (%)

Stockout rate (%)

Lead time (min)

Cycle time (min)

60,37 %

11,81 %

235

195

40 %

10 %

195

165

20,37 %

1,81 %

-17,03 %

-15,39 %
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The objective of the diagnosis was to break down the main root problem: a low NPS 
of 46 %, which is significantly below the industry standard of 80 % and translates into 
an annual economic impact of 25 498 PEN, equivalent to 4,78 % of total revenues. Two 
primary causes were identified at the first level: service execution errors, contributing 
42,73 %, and late deliveries, accounting for 32,30 %, while other factors made up the 
remaining 24,97 %. 

At the second level, service execution errors were further broken down into four 
root causes: delays in locating tools and performing mechanical transfers (53,87 %), 
stockouts (46,13 %), employees’ lack of competence (56,24 %), and excessive transfers 
within the workshop (43,76  %). These root causes help explain the operational and 
management issues that led to low customer satisfaction, as evidenced in the NPS. The 
detailed analysis allowed identifying critical areas for intervention and improvement 
within the automotive workshop’s service operations.

To validate the proposed model, a six-month pilot was conducted, with the first tool 
implemented being the 5S methodology, as shown in Figure 8, the initial stage of the 5S 
methodology—specifically the sorting phase—is illustrated, where red tags are used to 
identify the materials, equipment, and tools needed for the process. Items that are not 
required are relocated to more suitable areas, thereby decluttering the workstations and 
fulfilling the objective of the 5S methodology.

In the first row, the images depict the workspace before and after the implementation. 
The “Red Tag – Sort” image shows the initial state, with unnecessary items tagged for 
removal. The “Results” image shows the cleared workspace after these items have 
been removed, resulting in a more organized area.

In the second row, the “Red Tag – Set in Order” image depicts equipment tagged 
for relocation. The “Results” image shows the workspace after the necessary items 
have been repositioned, leading to a more efficient and organized environment. This 
process helps achieve the 5S goal of maintaining an well-organized and efficient 
workspace.
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Figure 8
Red Tagging

Red Tag - Set in Order

Red Tag - Sort

Before Implementation After Implementation

Results

Results

The following diagram (Figure 9) helps standardize and ensure the appropriate 
quantity of spare parts and materials required for the maintenance service, thus 
achieving better inventory control and projection. It details the components necessary 
for preventive maintenance, organized into three main categories: radiator, motor, and 
wheels. This scheme ensures that the required materials and spare parts are available 
in the desired quantities and on time, improving the efficiency and effectiveness of the 
automotive maintenance service.
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Figure 9 
Gozinto Diagram for MRP

Preventive 
Maintenance

Radiator Motor Wheels

Air filter (1) Oil filter (1)

Fuel pump (1)

Injector (4)

Brake pads (4)

Brake disc (4)

Next, after reducing times throughout the entire service chain, the SW component 
of the Lean tool was implemented to create an optimal workflow. This was achieved 
through a standardized worksheet that establishes the best method for service 
execution, resulting in enhanced flow, greater efficiency, and improved service quality. 
Figure 10 shows the SW diagram for the automotive maintenance service. This diagram 
outlines each step of the process, from vehicle reception to final delivery, including the 
inspection of the worksheet, tool preparation, transportation of work orders (WO) and 
spare parts, and maintenance service execution. Each step is meticulously timed to 
optimize efficiency and ensure effective task completion. Additionally, the required 
personal protective equipment (PPE) and necessary tools for each task are specified. 
By standardizing the work process, minimizing wait times, and ensuring that personnel 
follow uniform procedures, this diagram significantly improves the quality and efficiency 
of the maintenance service.
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Finally, an updated process flow diagram was presented, incorporating the 
improvements carried out during the six-month pilot. This diagram demonstrated a 
significant change in service time. Following the introduction of the proposed tools, 
a simulation was conducted using Arena Simulation Software 16 to confirm long-
term improvements by comparing the initial KPIs with those currently in place in the 
company. Figure 11 shows the updated process flow diagram for the automotive 
maintenance service. This diagram highlights the optimization of the workflow, from 
vehicle reception to final delivery, emphasizing the reduction of idle times and efficient 
organization of the process. The implementation of these improvements has resulted 
in a notable reduction in service times and an increase in customer satisfaction, as 
confirmed through the simulations and analyses performed.

Figure 11
Process Flow Diagram

To correctly validate the proposed model, three simulations were conducted using 
Arena Simulation Software 16 (Figure 12). Each simulation was carried out within an 
eight-hour work shift, with times provided by the company. The process was modeled 
with a “set,” as the maintenance process involves three operators working at the same 
time, in order to determine if the times decreased.
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The design of the simulations varies minimally between them. First, the simulation 
for the 5S methodology outlined the complete maintenance service process, obtaining 
lower data compared to the current situation, with a total process time of 2 hours and 
42 minutes—an improvement over the existing indicators. Second, the simulation for 
the MRP focused on reducing idle times. Given that the design remained the same as 
the previous one, the total time increased by 10 minutes. Finally, for the SW, a process 
elimination was performed after a comprehensive analysis revealed that certain 
processes hindered the operators’ ability to perform their work effectively. In this 
simulation, the focus was on the percentage of utilization for each operator, as this 
shows the time required to perform other activities. Utilization rates of 98 %, 96 %, and 
94 % were achieved for each of the three operators, respectively.

Finally, all simulations showed a significant reduction in both the cycle time and 
lead time.
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The transfer rate decreased from 60,37  % to 39,60  %, representing a variation of 
34,40 %. The stockout rate showed a significant decline, dropping from 11,81 % to 3,58 %, 
a variation of -69,69 %. Lead time notably fell from 235 minutes to 153 minutes, a variation 
of -34,89 %. Similarly, cycle time reduced from 195 minutes to 96 minutes, reflecting a 
variation of -50,77 %. These results underscore the effectiveness of the proposed model in 
enhancing operational efficiency and shortening service times (Table 2).

Table 2
Current vs. Improved Situation

Indicators Current Improved Variation (%)

Transfer rate (%) 60,37 % 39,60 % -34,40 %

Stockout rate (%) 11,81 % 3,58 % -69,69 %

Lead time (min) 235 153 -34,89 %

Cycle time (min) 195 96 -50,77 %

DISCUSSION 

The implementation of LM tools—specifically 5S, MRP, and SW—has proven effective in 
optimizing after-sales service within the automotive maintenance industry in Peru. The 
5S methodology, in particular, has allowed for the organization and optimization of work-
spaces, significantly reducing downtime. According to Veres et al. (2018), this methodology 
not only improves operational efficiency but also contributes to a cleaner and more orderly 
work environment. This finding is consistent with previous studies that highlight the impor-
tance of 5S in enhancing productivity and customer satisfaction (Villarreal Samaniego et 
al., 2022). MRP has improved the management of material and spare part supplies, reducing 
stockouts. This is critical, as the lack of timely availability of materials can cause significant 
service delays, as observed by Guillaume et al. (2017). Additionally, the implementation of 
SW has optimized service processes, reduced cycle times, and increased operational effi-
ciency. Kawakami-Arevalo et al. (2023) emphasize that SW not only boosts efficiency but 
also facilitates employee training, which is essential for maintaining high service quality.

The results of this study show a significant improvement in customer satisfaction, 
as measured through the NPS, which increased from 46 % to 79 %. This confirms the 
effectiveness of Lean tools in enhancing both the customer experience and operational 
efficiency, aligning with previous studies that highlight the positive relationship between 
Lean implementation and customer satisfaction (Collado Carbajal & Rivera Raffo, 2018).

The integration of digital technologies, such as the Internet of Things (IoT) and 
Artificial Intelligence (AI), could further enhance these results by providing greater 
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precision and efficiency in maintenance management (Mohapatra et al., 2021). These 
technologies have the potential to offer advanced solutions for real-time monitoring and 
data analysis, thereby enabling more informed and timely decision-making.

In summary, this study not only confirms the effectiveness of Lean tools in optimizing 
after-sales service within the automotive industry but also highlights the importance of 
integrating digital technologies to address future challenges. It is suggested that future 
research explore the application of IoT and AI in other industrial sectors to assess their 
effectiveness and adaptability in different operational contexts. The combination of Lean 
methodologies with advanced technologies has the potential to significantly transform 
the efficiency and quality of service, not only in the automotive industry but also in other 
sectors.

CONCLUSIONS

The main findings of the study reveal that the implementation of Lean tools—specifi-
cally 5S, MRP, and SW—resulted in significant improvements in the after-sales service 
of an automotive maintenance company in Peru. The application of the 5S methodology 
allowed for the organization and optimization of workspaces, reducing downtime by 
20,37 %. The implementation of MRP improved the management of material and spare 
part supplies, decreasing stockouts from 11,81 % to 3,58 %. Finally, SW improved process 
efficiency by reducing cycle time from 3 hours and 15 minutes to 1 hour and 36 minutes. 

These results show an improvement in customer satisfaction, as evidenced by an 
increase in the NPS from 46 % to 79 %. This research is particularly important due to 
the growing need to optimize after-sales services in the automotive industry, a sector 
that plays a significant role in the Peruvian economy. The implementation of Lean 
methodologies not only improves operational efficiency but also increases customer 
satisfaction, which is crucial for customer retention and market competitiveness. 
Additionally, the study offers a replicable model that other companies in the sector can 
adopt to improve their own service processes. 

This study makes several important contributions to the field. First, it demonstrates 
the effectiveness of Lean tools in reducing cycle times and improving inventory 
management in the context of automotive maintenance. Second, it provides empirical 
evidence on the improvement in customer satisfaction achieved through the 
optimization of after-sales service processes. Furthermore, the research highlights the 
importance of work standardization as a critical component for enhancing operational 
efficiency and facilitating employee training. This research addresses the existing gap 
in the literature by providing a comprehensive study that integrates multiple Lean tools 
to enhance after-sales service in the automotive maintenance industry, particularly 
within the Peruvian context.
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Previous studies have often focused on individual Lean tools, whereas this 
research demonstrates the synergistic effects of integrating 5S, MRP, and SW. This 
comprehensive approach addresses the intertwined issues of downtime, inventory 
management, and process efficiency, providing a holistic solution to improve service 
delivery and customer satisfaction in the automotive industry. As a final observation, 
it is suggested that future studies focus on applying digital technologies such as the 
IoT and AI to further improve maintenance management and customer service. It would 
also be important to explore the application of these tools in other industrial sectors 
to assess their effectiveness and adaptability in different operational contexts. The 
implementation of Lean methodologies, combined with advanced technologies, has the 
potential to significantly transform the efficiency and quality of service, not only in the 
automotive industry but also in other sectors.
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