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Abstract— By the end of 2022, the construction sector in Peru
had experienced a growth of 6.02%, consequently benefiting the
brick industry as well. This research focuses on studying a small and
medium-sized enterprise (SME) facing productivity challenges that
compromise its profitability and competitiveness. Periodic visits were
conducted to the company to gather data. The main issues were
identified using a Pareto diagram, including excessive production
time, human error, unplanned machinery downtime, and
reprocessing, with the first three being the most remarkable. Root
causes of each problem were identified to link them to solutions
based on Lean Manufacturing principles, such as TPM, SMED,
Poka Yoke and activity standardization. Improvement proposals
were suggested and validated through simulation in Arena, yielding
positive results, such as a 7-hour reduction in total production time,
a 40% decrease in setup times, a 2% reduction in defective products,
and a 75% decrease in the incidence of human errors in some
activities, such as mixing. Finally, the profitability of the proposal
was evaluated, resulting in a Net Present Value (NPV) of 15,745
USD, an Internal Rate of Return (IRR) of almost 30% and a Payback
Period of 3 months.

Keywords-- Bricks, Productivity, Lean Manufacturing, TPM,
SMED, Poka Yoke.

l. INTRODUCTION

A. Background

During 2022, the construction sector experienced a positive
variation of 6.02%, leading to a 2.27% increase in the domestic
consumption of cement [1]. This directly influences the growth
of the brick manufacturing industry. Informality within this
sector has been present for several years, to the extent that only
35% of brick production in Peru was from formal companies in
2019 [2]. It is likely that this percentage has not increased, as
this sector remains highly profitable for the entry of clandestine
enterprises.

This is probably because in informal businesses,
manufacturing costs are reduced due to a lack of exhaustive
control or regulation in quality standards. In response, many
SMEs (Small and Medium-sized Enterprises) choose to
enhance not only their quality standards to retain more
customers but also optimize their processes to reduce
manufacturing costs and compete against the low prices
prevailing in the market. The intention is not to match prices
exactly but to avoid distancing to the extent that the price-to-
quality ratio remains attractive to consumers.
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Industry 4.0, digitalization, automation, and other similar
technologies are becoming increasingly prevalent in the
construction  industry, contributing to the growing
competitiveness of companies in this sector each year. In
addition to this, Lean Construction, essentially the application
of lean manufacturing principles to the construction industry,
plays a significant role [3].

The research question would be: How can productivity in
a brick factory be improved using lean tools? Other
complementary questions arise from this, such as: What are the
main factors that affect productivity? What strategies can be
implemented to optimize cycle times in the different stages of
the production process? How can reduce the number of defects
and losses in brick production? What training programs can be
implemented to improve the skills and knowledge of personnel?
What strategies can be implemented to increase the
competitiveness of the brick factory in the market, among
others.

Therefore, this project is relevant, as it aims to present a
model for improving productivity that doesn't need massive
investments in increasing technological levels or redesigning
the plant. Instead, through the implementation of lean tools, the
project seeks to enhance process efficiency and boost
productivity within the company. Likewise, the research
intends to serve as a reference model that contributes to the
dissemination of the benefits of the implementation of Lean
Manufacturing as a solution to the main problems faced by
brick companies in the sector.

Regarding the structure of the paper, first, the state of the
art is presented, then the central problem to be treated will be
detailed along with its most relevant root causes. Subsequently,
the components of the improvement proposal and the results of
the experimentation will be described to validate them. Finally,
an evaluation will be carried out to determine the economic
viability of the project, followed by a discussion of the most
significant results and conclusions will be presented.

B. State of the art

Regarding the sources found on the application of lean
manufacturing in companies within this sector or similar ones,
it was discovered that the most used tools include Value Stream
Mapping (VSM), 5S, Total Productive Maintenance (TPM),
and Just in Time (JIT). Value Stream Mapping (VSM) enables
the visualization and analysis of the production process,
identifying issues within the workflow that can be refined
through the implementation of 5S, TPM, or JIT. This
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integration has been shown to result in up to a 6% reduction in
lead time [4]. Additionally, other tools such as Kanban,
standardization, Kaizen, and Poka Yoke are mentioned. These
tools contribute to reducing the number of defects or errors in
production, better organizing the workflow, and have the
potential to decrease the time without value of all waste by up
to 20 days. Their implementation enhances overall efficiency
and quality within the production processes [5] [6]. Regarding
which processes within the brick production typically apply
lean thinking, it was found that lean manufacturing tools are
applied in the stages of procurement, storage, transportation,
forming and cutting phase, grinding, extrusion, and drying. This
is because these processes often generate a significant portion
of waste during brick manufacturing.

In the literature review, significant impacts were also found
when applying lean tools within this industry. For example, a
reduction of Takt Time to 7 hours from the initial 24 hours,
manufacturing cycle time decreased to 9 hours from the initial
27 hours [7], a 15% reduction in the total project time [8], a
1.5% increase in productivity, an 80% reduction in downtime
in the production process, a 30% reduction in costs [9], a 20%
reduction in defective products [10], among others. Regarding
the most frequent wastes in this sector, it was found that the
most recurrent ones in the sources were overproduction,
waiting, inventory, and downtime due to machinery failures. It
is known that production in large or small quantities commonly
ends up affecting the improper delivery of work or goods and
an inventory overload [11]. Regarding waiting, it is mentioned
that managing pieces of the process waiting to be processed
requires the establishment of an automatic stock control
process. This would regulate and reduce the accumulation of
late stocks [12]. As for downtime due to machinery failures,
unnecessary waiting due to the sudden breakdown of the
machine while production is already underway can be largely
eliminated with improvements in the production process, an
area where Lean tools would be of great help [7].

Finally, regarding barriers to implementing lean
manufacturing, those mentioned most frequently were a lack of
knowledge on the subject and resistance to change. However,
the most remarkable facilitator was the commitment of the
personnel itself; those workers and supervisors are willing to
embrace the new mindset and commit to it to create a culture
around this philosophy [13].

Il. PROBLEM

The case study for this work was a small and medium-sized
enterprise (SME) brick production company located in Lima,
Peru. This company produces 57.8 thousand bricks each day,
with an average defect rate of 3.7%. Its manufacturing cycle
time is 13 days, its unit cost ratio per thousand bricks is 96.8
USD and the bricks per operator ratio is 3,212 bricks per day.
When compared to the industry standard, its main weakness lies
in productivity, as the sector operates at 143 thousand bricks per
day [14], with an average defect rate which ranges between
3.5% to 4% [10], a manufacturing cycle time of 10 days [9], a
unit cost ratio per thousand bricks of 152.8 USD [9] and a bricks

per operator ratio of 1,300 bricks per day [10], as seen in Fig.
1.

Indicators Sector uggg:z?:zy Units F:;_;;:aer::::g:
Overall Productivity 143 57.8 Thousand Bricks / Day -59.57%
Manuf. Cycle Time 10 13 Days -23.07%
Defective Percentage 3.5t04 3.7 % -0.2% 10 0.3%
UnitCost 152.8 96.8 USD / Thousand Bricks 57.96%
Bricks per Operator 1300 3212 Bricks / Day 147.06%

Fig. 1 Comparative Analysis between Company and Sector

This results in an economic impact of 3,015.12 USD lost
per day as gross margin, representing 39.69% of the company's
annual gross income.

But why focus only on improving productivity and not on
plant capacity? The company's problem is not in not taking
advantage of the available capacity but in using resources more
efficiently. Increased productivity not only allows the same
objectives to be achieved with fewer resources, but also brings
with it a series of additional benefits that drive the growth and
sustainability of the company in the long term. On the other
hand, increasing capacity, which generally involves the
expansion of operations or the acquisition of new resources, can
be a complementary strategy. However, if productivity is not
optimized first, the company runs the risk of increasing its costs
and reducing its efficiency, in addition to increasing this
capacity on par with the most representative companies in the
sector would require a large investment, which given its
situation. financial the company cannot afford.

Once the problem to be treated has been defined, periodic
visits to the company were conducted to collect data and
understand the root causes of low productivity. In Fig. 2, the
problem tree illustrates the identified root causes. It was found
that the reasons for low productivity include excessive
production time due to errors in the mixing stage and non-
standardized activities, reprocessing caused by non-
standardized work and lack of training, unplanned machinery
downtimes due to the absence of preventive maintenance, and
finally, human error stemming from the lack of training.

PROBLEM TREE

Technological gap: Motive Main cause Root cause

Company: 57.8 thousand/day

i — Excess drying time +—— Error in mixing stage
Sector: 143 thousandiday Excessive #

Gap: 82.5 thousand/day production time High setuptime

activities

t
Deffective bricks

work
Low OVe'ra." +—+— Reprocessing
productivity Improper -~
handling of tools Lack of tralning
' Unplanned
L P N Only corrective
Economic impact: machinery Breackdowns | irtenance exists
dowtime
Lost opportunity cost:
S/.11,246.40/day
representing 40% of i
the anual revenue — I — Qisckofiscinicaly, Lack of training
error knowledge

Fig. 2 Problem Tree

To understand which of all these reasons has the greatest
impact, a Pareto diagram was made, as shown in Fig. 3, with a
slight variation by weighting the significance of each reason
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based on the days lost per year it generates, rather than using
the frequency of occurrences. This is mainly because, for
example, human errors may happen more frequently than
machinery downtimes, but the latter can cause hours or even
days of production interruption, whereas human errors typically
result in only a few minutes lost in most cases.

Main Causes of Low Productivity
100 - 100,00% " 00%
90 4 86,44%/ L 90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

Days Lost

Excessive Human Error Unplanned Reprocessing

production Machinery
time Downtime

Fig. 3 Pareto Chart

A. Excessive production time

This issue is a result of an extended drying time. The
process is done outdoors and can last 7 days, during the
summer, or 15 days, during the winter. However, this time can
be prolonged due to errors in the mixing stage, such as adding
more water to the mixture. Moreover, unnecessary, and non-
standardized movements between activities also extend the
production time. Overall, it is estimated that around 69 days are
lost per year due to these factors.

B. Reprocessing

Regarding reprocessing, it is due to defective bricks
resulting from non-standardized work, as sometimes the
mixture does not have the correct proportion of inputs (fragile
or poorly formed bricks). Another reason here is the improper
handling of tools due to a lack of training, as it often happens
that when transporting or removing bricks from the mold, they
suffer cracks that can compromise their strength, rendering
them defective. It is estimated that these problems cause a loss
of 24 days to the company each year.

C. Unplanned Machinery downtime

This problem arises from spontaneous breakdowns that
occur during the workday because there is no preventive
maintenance plan in place, only corrective maintenance. The
estimated annual downtime due to this issue is approximately
32 days.

D. Human error

Regarding this last issue, human error is due to a lack of
technical knowledge in some activities, and this deficiency is a
result of insufficient training. These errors can be exemplified
when the operator, due to a lack of time, empirically mixes the
fuel during baking, resulting in the fire not being sufficiently
high to burn the bricks within the expected time. In total, around
52 days are usually lost each year due to this problem.

The Pareto results revealed that excessive production time,
human error, and machinery downtimes are the primary reasons
for low productivity. Reworks also have some influence but
will not be relevant for this research work as they fall outside
the 80% cumulative frequency.

With all this in mind, the objectives of the following work
would be the elaboration and development of solution proposals
for the root causes identified using lean tools, to subsequently
quantitatively validate the proposed model through simulation
in the Arena software. Once it has been demonstrated that the
project is feasible, its economic viability and its impact on the
corresponding stakeholders would be evaluated.

I1l. METHODOLOGY AND INNOVATIVE PROPOSAL

The root causes were linked to three lean manufacturing
tools, considering what was found in the state of the art. The
SMED tool was chosen to address the problem of non-
standardized activities since it is a good alternative to make
processes more efficient and optimize setup times. There was a
case where a 38% reduction in time was achieved [14]. TPM
would take care of addressing the absence of corrective
maintenance to avoid unplanned stops during production. In
fact, it is known that by applying this tool, a 17.69% increase in
machine availability can be achieved [15]. Finally, Poka Yoke
is included to address human errors in the mixing stage, the
absence of non-standardized activities, and the lack of
knowledge and training. In some cases, an increase in
productivity of 1.5% or a 30% reduction in operating costs was
achieved [9].

To collect the necessary data to develop the proposed
solutions, it was considered that the company produces an
average of 1734 thousand bricks per month, equivalent to 694
production lots, which was chosen as the population.
Therefore, we calculated the sample size with the following
formula:

N=ZZ+p+q
A2+ (N—1)+Z2+p=*q

n
€

In formula (1), “N”” means Population, which is equivalent
to 694, “Za” refers to the Security Value. Since a Confidence
Level of 95% was considered, the value of "Za" is equivalent to
1.96. The probability of occurrence of the studied event is
represented by “p" and "q" and is 50% given that it is the safest
option and "e" is the maximum accepted error, which is 5%.
Using these variables, reaches a minimum sample size of 248
lots of King Kong 18-hole bricks. The study variables defined
are setup time, total production time, incidence of errors and
percentage of defectives. These will serve as a basis for the
development of indicators that will allow us to quantify the
improvement of the proposal in each component.

Considering the mentioned tools, the following model was
developed as an improvement proposal, as seen in Fig. 4.
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Fig. 4 Proposed Model

A. Component 1: Time Setup Management

The first component of the proposal is the SMED tool. It
began with the identification of production preparation
activities through field visits and consulting with the
responsible operators about the intrinsic characteristics of its
work. The activities were classified as: machinery review and
conditioning, machinery ignition, mold change, and raw
material loading. Next, information on times was gathered, and
the preparation activities were classified as internal (performed
during downtime) and external (performed during production
time), as seen in Fig. 5.

Setup Time (minutes)
131

I Rev. and Cond. of Machinery
[ Machinery Ignition

I Mold Change

[ Raw material loading

Internal External

Fig. 5 Setup Time

All of this was done to select which internal activities could
be converted to external, which activities are unnecessary and
should be eliminated, which activities can be performed in
parallel, and which activities can be simplified to reduce times.

In Fig. 6, these activities were defined in a flowchart. The
expected outcome for this proposed solution is to reduce
internal preparation times by almost 39%.

START

Convert selected Reducti : o
o e uction of time Elimination of
Collective activities from ;
B P for internal unnecessary
analysis internal to g B
activities activities
external

Identification of activities that >
[ can be done in less time St ]
Implement Evaluate
proposal indicators

Identify setup Time Piffemr:‘aial::
il of activities external activities

SMED IMPLEMENTATION

YES

Is there still
room for
improvement?

Fig. 6 Time Setup Management Flowchart
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B. Component 2: Preventive Maintenance

The second component involves the implementation of the
Total Productive Maintenance tool. Regarding the
implementation flow of the improvement, it began with an
assessment of the current state of maintenance policies within
the company, along with an analysis of historical machinery
failure information provided by the company. The results can
be seenin Fig. 7.

Error Name Average Down Error Name Average Down
Down Time Time Unit Down Time Time Unit
Mill.hamer overheating.1 54 minutes | Extruder.disc wear 21 minutes
Mill.belt wear.1 42 minutes | Extruder.spindle wear 20 minutes
Mill.bolt wear.1 45 minutes | Mixer.bearing wear 69 minutes
Mill.blade overheating.1 16 minutes | Mixer.drum wear 39 minutes
Mill.shaft overheating.1 28 minutes | Mixer.belt rupture 123 minutes
Mill.bearing wear.1 28 minutes | Mixer.bolt wear 40 minutes
Mill.screen wear.1 40 minutes | Mixer.blade wear 57 minutes
Mill.beltv breakage.1 118 minutes | Mixer.shaft overheating 28 minutes
Mill.hamer overheating.2 54 minutes | Mixer.motor overheating 23 minutes
Mill.belt wear.2 42 minutes | Cut.disc wear 58 minutes
Mill.bolt wear.2 45 minutes | Cut.motor overheating 20 minutes
Mill.blade overheating.2 16 minutes | Cut.misalignment 18 minutes
Mill.shaft overheating.2 28 minutes | Cut.dirt 23 minutes
Mill.bearing wear.2 28 minutes | Cut.bolt wear 33 minutes
Mill.screen wear.2 40 minutes | Cut.bearing wear 38 minutes
Mill.beltv breakage.2 118 minutes | Cut.belt failure 113 minutes
Extruder.shaft miscalibration 36 minutes | Kiln.duct dirt.1 75 minutes
Extruder.bolt wear 43 minutes | Kiln.wall wear.1 95 minutes
Extruder.motor overheating 23 minutes | Kiln.dirt hoppers.1 53 minutes
Extruder.chain slack 21 minutes | Kiln.duct dirt.2 75 minutes
Extruder.gear wear 21 minutes | Kiln.wall wear.2 95 minutes
Extruder.belt wear 37 minutes | Kiln.dirt hoppers.2 53 minutes
Extruder.piston wear 25 minutes | Mixing error in fuel 1 days

Fig. 7 Main machinery failures

In this stage suggestions were proposed to change the
current maintenance approach. The third step involved defining
the new maintenance activities, such as preventive
maintenance, and updating the process for the current corrective
maintenance. Once that was completed, designs for recording
data from breakdown checklists and preventive maintenance
were developed. Additionally, proposed maintenance activities
for each element (mill, extruder, mixer, open kiln, cutter) were
listed with the tool and the frequency with which they should
be performed. All these stages were defined in a flowchart, as
seen in Fig. 8.

Breakdown and

Diagnosis of "
Maintenance

current

maintenance Routine maintenance

Checkdist
for each machine

Define a checklist Define preventive
Define
ed for breakdowns and maintenance
procedures maintenance activities
er N Organize training on

'sd"‘? materia’s for use TPM and working

uring maintenance

groups for the proposal

J
v

Implement
total Evaluate
productive indicators
maintenance

END

Identify errors
related to
machines

TPM IMPLEMENTATION

Fig. 8 Preventive Maintenance Flowchart

Finally, training presentations were developed for all
personnel within the company so they could become familiar
with this new philosophy. The expected outcome for this tool is
a reduction of 10 hours in the total production time.

C. Component 3: Error Prevention

The third component involves the implementation of the
Poka Yoke tool. It begins with the diagnosis of the operators'
activities, identifying the most common errors, which included
incorrect proportioning of inputs during mixing, excess water
in the mixture, excessive stacking of bricks during
transportation to the drying area, failures in fuel preparation,
and inadequate control of the furnace temperature.

Subsequently, historical information regarding the
frequency and consequences of these errors is requested to
conduct an analysis of the root causes. An assessment is also
made to determine if effective solutions to the problem are
possible. Mechanisms for preventing failures for each error are
developed, including the implementation of a gate system to
control the entry of soil and kaolin, the installation of a spraying
system for uniform water distribution, the use of a conveyor belt
to transport bricks to the drying area, the creation of instructions
and signage for fuel preparation, the installation of a
thermocouple along with the use of a digital thermometer to
control furnace temperature, and the development of a training
plan for operators, as seen in Fig. 9.

Error Name Proposed Solution Reference Image

Incorrect proportion
between kaolin (30%)
and dirt (70%)

Gate System
Control

i Pump, Filter and
Excess of waterin the
p Water Spray ’
mixture "
System

Stacking more bricks
o Conveyor Belt
than necessary during

System
storage NAM
Incorrect fuel Procedure and
proportion Visual Aid i
JATTENTION!
Fill dispensers to the Top
Poor temperature

controlinkiln

o] I
" \
Thermocouple '
Installation § I (0 “\\
» N

Fig. 9 Solution proposals to reduce errors.

In Fig. 10, The proposed activities were organized in a
flowchart.
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Fig. 10 Error Prevention Flowchart

The expected outcome of this tool was a 2% reduction in
defective products, a 75% decrease in errors during the mixing
stage, and a 37.5% reduction in errors during the baking stage,
as seen in Table 1.

TABLE |
EXPECTED OUTCOMES FOR THE IMPROVEMENT PROPOSAL
Component Indicator Units Asls | ToBe
Lean Overall Thousand
philosophy productivity Bricks /day 578 568
SMED Internal setup minutes 131 79.5
TPM Defective hours 330 | 320
percentage
Total
production % 3.70% | 2%
time
Frequency of
Poka Yoke errors in errors/months 40 10
mixing
Error
freque_nf:y "1 errors/months 16 10
the firing
process

The three improvement proposals were evaluated on the
Arena Simulator. All stages were included in the process
design, as seen in Fig. 11, for which the times of each stage
were measured. Machinery downtimes were simulated with the
help of the failure module, and various records were used to
obtain the target values of the indicators.

IV.RESULTS

A. Simulation Results

After the simulation in Arena, results were obtained in
relation to the 5 indicators initially defined. These values were
compared with the target goal for each indicator. First, the main
indicator was Overall productivity, with an initial value of 57.8
thousand bricks per day. The simulation showed an increase of
4%, setting the value to 60.3%, as shown in Fig. 12.

Overall Productivity

(+4%)

\ &)
57.8 58.8 60.3

Asls

To Be Achieved

Fig. 12 Overall Productivity Indicator
In the case of the setup time indicator, there was an initial
value of 131 minutes, with a target of 79.5 minutes. The

experimentation exceeded expectations, as shown in Fig. 13, by
reducing the setup time to 78 minutes, a reduction of 40%.

Setup Time (Minutes)

131.0NZ

Asls To Be Achieved

Fig. 13 Setup Time Indicator
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Fig. 11 Arena Model
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In the total production time indicator, as shown in Fig. 14,
there was initially a value of 330 hours, and the objective was
set to reduce it to 320 hours. After experimentation, a reduction
of 7 hours, setting the value to 323 hours.

Total Production Time (Hours)

Asls To Be Achieved
Fig. 14 Total Production Time Indicator

In the Defective Products indicator, as shown in Fig. 15,
the initial value was 3.7% and the objective was set to reduce it
to 2%, achieving a reduction to 1.94%.

Percentage of defective products

Achieved

Asls To Be

Fig. 15 Percentage of defective products Indicator

Before implementation, the error frequency indicator in the
mixing process was 40 errors/month, as shown in Fig. 16. A
goal was set to reduce it to only 10 errors/month, but a reduction
to 11 errors/month was finally achieved (73% reduction).

Errors in Mixing process

10 11
Asls To Be Achieved

Fig. 16 Errors in Mixing Process Indicator

Finally, as seen in Fig. 17, in the error frequency indicator
in the baking process, there was an initial value of 16
errors/month and the objective was set to reduce it to only 10
errors/month. Experimentation in Arena yielded a result of 9
errors/month, which exceeded expectations by representing a
reduction of 44%.

Errors in Baking process

| NN}

Asls ToBe Achieved
Fig. 17 Errors in Baking process Indicator

B. Economic Evaluation

For the analysis of financial indicators, the Opportunity
Cost of Capital (COK) was calculated with the financial asset
valuation model (CAPM), which was calculated with the
following formula:

COK =Rf+ B Xx(Rm—Rf)+Rp @)
Informula (2), “Rf’ means Risk Free Rate, “B” refers
to the Systematic Risk of the project industry, “(Rm - Rf)”

refers to the Risk Premium and “Rp” refers to the Risk
Country. According to the Central Reserve Bank of Peru, the
risk-free rate in 2023 was 4.46%, and the Country Risk is
1.65%. The systematic risk of the brick industry is 1.2 and 7%
was used for the risk premium. With these values a monthly
COK of 1.14% is obtained.

Subsequently, the profitability indicators of the
incremental flow of the improvement project were calculated,
considering 12 months as the project horizon, as visualized in
Fig. 18.

Economic Evaluation Overview  Value

Capital Investment (CAPEX) 7,654 USD
Anual Investment (OPEX) 37,033 USD
Net Present Value (NPY) 15,745 USD
Internal Rate of Return (IRR} 29.90%
Cost-Benefit Analysis 3.06 USD
Payback Period 3 months

Fig. 18 Summary view of the economic evaluation

From the results, it can be concluded that the project is
economically viable, because the VANE is positive, the IRR
exceeds the value of the COK (1.14%), the Benefit / Cost ratio
is greater than 1 and the payback period is less than the project
horizon (12 months).

C. Sensitivity Analysis
To carry out the sensitivity analysis of the improvement

proposal, the @Risk tool was used, which allows quantifying
the impact of beneficial or harmful scenarios on the economic

22" LACCEI International Multi-Conference for Engineering, Education, and Technology: Sustainable Engineering for a Diverse, Equitable, and Inclusive Future at the Service
of Education, Research, and Industry for a Society 5.0. Hybrid Event, San Jose — COSTA RICA, July 17 - 19, 2024. 7



indicators of the project. For this, the following 3 scenarios
were proposed:

+ Variation in the average number of defective products:
The percentage of defective products of the company under
study has an average value of 3.7%. An optimistic scenario is
considered where the percentage of defectives decreases to a
value between 1% and a pessimistic one where it only decreases
to 3%.

+ Production Cost Variation: In the economic flow of the
improvement project, Production Costs represent on average
59% of total income. Given that these costs are subject to the
purchase of raw materials, which may suffer an increase or
decrease in prices, an optimistic scenario is considered where
the proportion is reduced to 50% and a pessimistic one where it
increases to 70%.

« Variation in Distribution Expenses: Sales expenses
represent 7.5% of the total income in the economic flow of the
project. An increase or decrease in distribution expenses could
generate a variation in sales expenses. For this reason, an
optimistic scenario is considered where the proportion is
reduced to 6.5% and a pessimistic one where it increases to
8.5%.

Once the variables were defined, the variations in the flows
were included independently to see their impact on the
profitability indicators. Likewise, a scenario with the 3
variables was considered. As demonstrated in Fig. 19, the
results were the following:

Cost / Benefit | Payback
Variable Type Value NPV IRR
Analysis Period
Pessimistic 3% 9,743 22% 2,31 4,14
% Defective
Moderate 2% 14,079 | 28% 2,88 2,92
Products
Optimistic 1% 18,398 | 33% 3,47 2,62
Pessimistic 70% -2,202 -1% 0,75 11,94
Production
Moderate 60% 13,454 34% 2,8 4,26
Cost / Sales
Optimistic 50% 28,408 | 138% 4,78 1,01
Distribution | Pessimistic 8,5% -3,166 -8% 0,61 7,85
Expenses / Moderate 7,5% 14,198 28% 2,91 3,41
Sales Optimistic 6,5% 31,820 | 50% 5,25 1,98
Pessimistic -13,846 | -37% -0,89 11,94
3 variables Moderate 13,573 35% 2,82 3,97
Optimistic 43,716 | 153% 6,66 1,01

Fig. 19 Sensitivity Analysis

Finally, the minimum, moderated and maximum values of
the variables were analyzed to see their impact on the
profitability indicators. Thus, it is concluded that, in the worst
case (pessimistic scenario), a negative variation in defective
products would not affect the economic viability of the project,
contrary to the other 2 variables. From an optimistic point of
view, in the best scenario, the maximum value of the NPV is
43,716 USD, the maximum IRR is 153%, the maximum B/C
ratio is 6.6 USD, and the period Minimum recovery is 1.01
months.

V. DISCUSSION

In general, the use of lean tools applied as a solution
proposal has generated positive impacts on productivity,
reduction of preparation times, reduction of defective products
and lower frequency of errors by the operators of the company
under study. In the main indicator of total productivity, the
initial objective was to go from 57.8 to 58.8 thousand bricks per
day (1.7% increase), a reduction like the goal proposed by
Arevalo in his research, which was 1.5% [9]. In the Arena
simulation, a value of 60.3 thousand bricks per day was
obtained, exceeding the proposed goal with a percentage
increase of 4.3%.

Regarding the first component (Preparation Time
Management), preparation activities of the production process
were identified and classified, to be able to analyze which could
be simplified, grouped, and eliminated, to finally achieve a set
of standardized activities. The initial objective was to reduce
the internal preparation time from 131 to 79.5 minutes (39%
reduction), because it was a reduction like the goal proposed by
Pertuz in his research, which was 38% [14]. In the Arena
simulation, a value of 78 minutes was obtained, which
translates into a 40% reduction in preparation time, exceeding
the proposed goal. Regarding the economic impact, the budget
contemplates an initial investment of 725 USD, as well as an
increase in direct labor (hiring of 4 operators) and an increase
in administrative expenses for training.

In the second component (Maintenance Management), a
diagnosis of the maintenance activities of the company under
study was carried out, to propose the procedures, instructions,
checklists, lists of materials and training necessary for the
implementation of the improvement, with the objective to
reduce the Total Production Time indicator from 330 hours to
320 hours (3% reduction). This is in line with the percentage of
improvement proposed by Gamarra which was 5% [16]. In the
Arena simulation, a value of 323 hours was obtained, which
translates into a reduction of 2.1%, which is slightly below
expectations. Regarding the impact of the component on
economic flows, the budget contemplates an initial investment
of 926 USD, as well as an increase in indirect labor (hiring of a
maintenance supervisor) and a decrease in expenses for spare
parts from 2,632 USD per month to only 448 USD,
approximately.

For the third and last component (Error Prevention), the
most common errors of operators were listed, and prevention
mechanisms were proposed to reduce their occurrence. The
objective was to reduce the Percentage of defectives from 3.7%
to 2%, according to the 3% recommended by Murmu and Patel
(2018). Additionally, the goal was set to reduce the frequency
of errors in mixing (40 errors/month) and baking (16
errors/month) to 10 errors/month (reduction of 75% and 37.5%,
respectively). Both indicators were based on Arevalo’s
research, which proposed an 80% reduction in errors [14]. In
the Arena simulation, a defective percentage of 1.94% was
obtained (reduction of 1.76%), an error frequency of 11 errors /
month in mixing (reduction of 72.5%) and 9 errors / month in
baking (43.8% reduction). For this reason, it can be concluded
that expectations were exceeded in all indicators, except for the
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frequency of errors in mixing. The impact of the component on
flows was reflected in an initial investment of 5,802 USD, as
well as an increase in administrative expenses for training.

Regarding the economic evaluation of the project, an
analysis was carried out using an Opportunity Cost of 1.14%
monthly. According to the results obtained, the NPV reflects
that the return on investment is 15,745 USD over a period of 12
months. The IRR has a value of 29.9%, which is positive
because it exceeds the Opportunity Cost. The Benefit/Cost ratio
is 3.06 USD (positive as it is after 1) and the investment is fully
recovered in the third month, which indicates that the proposal
is economically viable. The sensitivity analysis showed that
there is little probability (less than 10% in all cases) that an
increase in the number of defective products, production costs
or sales expenses alone will affect the profitability of the
project.

Finally, the most notable limitations during the
development of the work were the lack of records on the
processes that the company under study carries out, as well as
the difficulties in carrying out pilot tests of the improvement
tools. For this reason, we consider that, for the development of
future research on the same problem, we could opt for the use
of alternative simulation software, or apply pilot tests focused
on specific processes, to obtain a more precise sample of the
impact. of lean tools on company productivity.

V1. CONCLUSIONS

In general terms, the use of lean tools applied as a solution
proposal achieved an increase in productivity supported by the
reduction of preparation times, a decrease in defective products
and a lower frequency of errors by the operators of the company
under study.

Regarding the results obtained through the simulation, it
can be concluded that the proposed expectations were exceeded
in the indicators of overall productivity (increase of 4%), set up
time (reduction of 40%), percentage of defectives (reduction of
1.76%) and frequency of errors in baking (44% reduction).
Regarding the indicators of total production time and frequency
of errors in mixing, results very close to those proposed were
achieved.

Regarding the economic evaluation of the project, the
proposal is economically viable. The sensitivity analysis
showed that there is little probability (less than 10% in all cases)
that an increase in the number of defective products, production
costs or sales expenses will affect the profitability of the project.

REFERENCES

[1] D. Carhuavilca-Bonett et al., “Informe técnico — Produccién Nacional —
N°8 — Agosto 20227, INEI, “Instituto nacional de estadisticas e
informatica”, Peru, 2022.

[2] Perid Construye. (2019, November 14). Mercado del ladrillo: «Una lucha
imparable  contra la  informalidad»  [Online].  Available:
https://peruconstruye.net/2019/11/14/mercado-delladrillo-una-lucha-
imparable-contra-la-informalidad/#

[31 Z. Huang, C. Jowers, D. Kent, A. Dehghan-Manshadi, and M. S.
Dargusch, “The implementation of Industry 4.0 in manufacturing: from
lean manufacturing to product design”, The International Journal of
Advanced Manufacturing Technology, vol 121, no. 5-6, pp. 3351-3367,
June 2022.

[4] M. H. Z. Abidin., Z. Leman, Z. Abidin, M. Yusof and A. Khalili, “Lean
impact on manufacturing productivity: A case study of Industrialized
Building System (IBS) manufacturing factory”, Jurnal Teknologi, vol 84,
no. 4, pp. 65-77, July 2022

[5] M. Masmali, “Implementation of Lean Manufacturing in a Cement
Industry”, Engineering technology & applied science research, vol 11,
no. 3, pp. 7069-7074, June 2021

[6] J.A.H.KareemandO. A. Q. H Amin , “Ethical and Psychological Factors
in 5S and Total Productive Maintenance”, Journal of industrial
engineering and management-jiem, vol 10, no. 3, pp. 444-475, June 2027

[71 A. Aka, A. D Isah, C. J. Eze and O. Timileyin, “Application of lean
manufacturing tools and techniques for waste reduction in Nigerian bricks
production process”, Engineering, Construction and Architectural
Management, vol 27, no. 3, pp. 658-679, March 2020.

[8] N. Utami Handayani, M. Agung Wibowo, A. Mustikasari, 1. Wahyu
Nurwidanto, and D. Akbar Dilaga, “The implementation of lean
construction and six sigma concepts in light brick installation: A case
study in Cordova apartment project”. IOP conference series: Materials
science and engineering, 909 012048, Banten, Indonesia, 2020.

[9]1 B. C. Arevalo-Barrera, F. E. Parreno-Marcos, J. C. Quiroz-Flores and J.
C. Alvarez-Merino, “Waste reduction using lean manufacturing tools: A
case in the manufacturing of bricks”, in 2019 IEEE International
Conference on Industrial Engineering and Engineering Management,
Macao, China, 2019.

[10] A. L. Murmu, and A. Patel (2018), “Towards sustainable bricks
production: An overview”. Construction and Building Materials, vol 165,
pp. 112-125, March 2018.

[11] A.H. Abdul Rasib and M. Musazali, “Understanding of non-value-added
overtime in manufacturing operations”, in IOP Conference Series.
Materials Science and Engineering, Tamil Nandu, India, October 2020.

[12] S. M. Sutharsan, M. Mohan Prasad and S. Vijay, “Productivity
enhancement and waste management through lean philosophy in Indian
manufacturing industry”, Materials Today: Proceedings, vol 33, no. 7,
pp. 2981-2985, April 2020.

[13] A.P. Mano, S. E. Gouvea da Costa and E. Pinheiro de Lima, “Criticality
assessment of the barriers to Lean Construction”, International Journal of
Productivity and Performance Management, vol 70, no. 1, pp. 65-86,
March 2020.

[14] A. Pertuz, “Implementacion de la metodologia (SMED) para la reduccion
de tiempos de alistamiento (Set Up) en maquinas encapsuladoras de una
empresa farmacéutica en la ciudad de Barranquilla”. Bachelor's thesis in
Industrial Engineering, Universidad Nacional Abierta y a Distancia
UNAD, Barranquilla, Colombia, 2018.

[15] E. Hurtado, J. Ayala, “Implementacion del TPM para aumentar la
disponibilidad de las maquinas de la empresa Tecnologia Fabricacion
Mantenimiento SAC”. Bachelor's thesis, Universidad César Vallejo,
Lima, Perd, 2021.

[16] O. Gamarra, “Aplicacion de la ingenieria de métodos para mejorar la
productividad en la linea de produccion en la empresa Ladrillos Fortes
S.A.C”, Grad thesis. Universidad Sefior de Sipan, Callanca, Peru, 2021.

22" LACCEI International Multi-Conference for Engineering, Education, and Technology: Sustainable Engineering for a Diverse, Equitable, and Inclusive Future at the Service
of Education, Research, and Industry for a Society 5.0. Hybrid Event, San Jose — COSTA RICA, July 17 - 19, 2024. 9


https://peruconstruye.net/2019/11/14/mercado-delladrillo-una-lucha-imparable-contra-la-informalidad/
https://peruconstruye.net/2019/11/14/mercado-delladrillo-una-lucha-imparable-contra-la-informalidad/

