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ABSTRACT

A large number of real-life optimization problems in economics and business are
complex and difficult to solve. Among the solutions techniques available in the
Management Science, Discrete-Event computer Simulation (DES) can be considered
as one of the most preferred by practitioners. DES has been used as an analysis tool
to evaluate new production system concepts, and has also been used in the op-
eration and planning of manufacturing facilities. In this paper, we propose to apply
DES for the analysis of a leather manufacturing facility. The objective is to analyze
the current performance of the production system in order to propose alternatives
for improvement, as well as optimum parameters for production. Results obtained
showed the advantages of using such a quantitative decision-aid technique by cap-
turing most of the complex characteristics of the production process.
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INTRODUCTION

As explained in detail by Blanco and Paiva (2014),
Latin American countries have a booming middle
class increasingly demanding more sophisticated
products and services. Global companies are investing
in new plants in Latin American countries in order
to decrease logistics costs. Some local multinational
companies (“multi-latinas”) are strong global players
in diverse industries (e.g., airplanes, food, oil, cement,
beverages, banking and telecommunications, leather,
etc.). As a consequence, research works inspired in
real-life cases have enriched the fields of operations,
logistics and supply chain management.

The purpose of the current paper is to study a real-
life decision-making problem related to the opera-
tion of the fabrication process of a tannery in Co-
lombia. As most real-life optimization problems in
economics and business, this manufacturing process
is complex and difficult to solve. The Operations Re-
search community has developed efficient and effec-
tive solution techniques since its first applications in
industry in the 1940’s (Hillier and Lieberman 2005).
Traditional solution approaches include mathemati-
cal programming (linear, integer and even nonlinear
modeling), dynamic programming and exact algo-
rithms like branch-and-bound techniques. Because
of the current interest by researchers on consider-
ing more and more constraints during the modeling
process, problems in business under study nowadays
cannot be solved in an exact manner within a rea-
sonable amount of time (Talbi 2009). Among the so-
lutions techniques available in Operations Research
and the Management Sciences, discrete-event com-
puter simulation (DES) has proven to be very useful
for practitioners in real-life decision-making (Banks
et al. 2009). In today’s globalized environment, in-
dustries are calling for immediate action to develop
computational and simulation-based methods that
will lead to faster transactions, reduced operating
costs, and improved performance and customer ser-
vice. DES has been used as an analysis tool to evalu-
ate new production system concepts, and has also
been used in the operation and planning of manu-
facturing facilities. For several years, simulation has
been used in the long-term planning, design and
analysis of manufacturing systems (Solano-Charris
& Paternina-Arboleda, 2013). These models have
been termed as “throw away models” because they
are seldom used after the initial plans or when de-
signs are finalized (Son and Wysk 2001, Smith and
Brett 1996, Harmonosky 1995). Over the past de-

cade, however, researchers and practitioners have
taken advantage of the power of simulation technol-
ogy to develop models that can be fully integrated
into complex manufacturing systems and run in re-
al-time. The ability to automatically generate simu-
lation models for certain applications has also been
achieved (Son and Wysk 2001). Recent attempts to
use simulation modeling in the control and analysis
of production logistics and manufacturing systems
may be found in the works of (Mullarkey et al. 2000,
Rabbath et al. 2000, Lee et al. 2002, Dangelmaier et
al. 2006, Barra Montevechi et al. 2009, Ziilch et al.
2009, Sharda and Bury 2010, Pawlewski and Fertsch
2010, Montoya-Torres 2010, Montoya-Torres et
al. 2012) just to mention a few. Note however that
most, not to say all, of these works have been per-
formed in developed countries, and very little ap-
plications and successful case studies are presented
in the scientific literature for small and medium en-
terprises in emerging economies. The focus of this
paper is hence to contribute to the formal analysis of
production processes in emerging countries, and in
particular in the tanning industry, towards the use
of computer simulation models in order to improve
daily decision-making processes. As stated before,
simulation modeling methodology is used on a real-
life case study from a medium enterprise located at
the north of Bogota, Colombia.

Whereas simulation has already been used for many
years as a tool for planning and controlling produc-
tion processes, very little attention has been given to
the improvement of production processes of a tan-
nery, to the best of our knowledge. The inexistent
use of simulation into the tanning industry may be
attributed to the complex and changing character of
both the product and the production process. In this
paper, we propose to apply discrete-event computer
simulation for the analysis of leather manufactur-
ing. The objective is to analyze the current behav-
ior of the production system in order to propose
alternatives for improvement, as well as optimum
parameters for production. The work presented in
this paper is an extension of the results presented
in Pirachicdn-Mayorga et al. (2010). In comparison
with that paper, we present here more detailed re-
sults obtained from simulation runs and also extend
the analysis of the optimization approach.

This paper is organized as follows. The current manu-
facturing process is first described. Afterwards, the
proposed simulation model and the analysis of results
for the current situation are presented, followed by
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the analysis of some improvements and their manage-
rial implications. These scenarios are further analyzed
by using a simulation-optimization technique. This
paper ends by presenting some concluding remarks.

MANUFACTURING PROCESS
PROBLEM SETTING

AND

Overview of the Manufacturing Process

The case study considered in this paper corresponds
to a medium company within the tanning industry,
whose name is kept confidential, dedicated to manu-
facture leather for furniture and cars. The company
currently has 15% of the market share, while its prin-
cipal competitor has 25% (see figure 1). The other
60% of the market is divided among many small en-
terprises (40%) and foreign companies (20%).

Figure 1. Distribution of the marketplace

Company
under study
15%

Other small
competitors
40%

Principal
competitor
25%

Foreign
companies
20%

The production process we are describing next is
based on the product named “Carioca black leather”.
We choose this product because it can provide suffi-
cient characteristics and complexities to understand
well the global manufacturing process. In addition,
its demand is the highest among the total produc-
tion of the market supplied by the company. The
process of leather preparation is quite wasteful and
time consuming. Figure 2 shows a diagram of the
process. The process begins with the arrival of the
skin to the factory. When the skin-pieces are not en-
tering the process immediately, sodium chloride is
added to them for dehydrate (salting process), and
then they pass to soaking (a pre-wash process with
water and wet), in order to afterwards remove hair
from the skin. The skin goes to fleshing, fixing and
split, where the tissue is separated in order to made
leather (dermis).

Transformation of the skin into leather is done by a
chemical process called tanning. The skin is cut in or-
der to reduce its thickness to an appropriate standard.

This process requires a large quantity of water and it is
hence necessary to drain it. Defects in the raw materi-
al have to be then corrected or mitigated. This is one of
the most important steps of the operation since it af-
fects the processes of greasing, staining, painting and
finishing that define the final features of the leather.
So the leather is conditioned in order to moisten for
an efficient implementation of those steps. Finally,
the leather is softened to break the adhesion between
the fibers and provide flexibility and softness.

Problem Description

At the moment of starting this simulation project,
the company presented various problems that all
together unfavorably interfere with the production
process, generating over cost and quality decrease.
By implementing a computer simulation model, we
represent the current production situation; carry
out a diagnosis of potential problems in the produc-
tive process and are able to quantify their impact on
the overall performance of the system. In particular,
the majority of problems identified concerns the
low quality of raw material received from suppliers,
which is difficult to identify at an early stage (i.e:
when received) since skin has to be chemically treat-
ed: such defects are detected when the product has
advanced nearly 40% of the stages. Table 1 shows
the categories of raw material selection according to
their acceptance level.

Figure 3 classifies in a Pareto chart the different
types of defects found in the product along the pro-
cess. It is important to clarify that such defects do
not necessary imply product non-conformities. That
is, defects in leather are inherent to the nature of raw
material. The fact of finding them only implies that
a series of additional steps are required throughout
the production process in order to obtain the final
quality level for the finished product. Another is-
sue to be addressed is the quantity of raw material
to be negotiated with suppliers. The problem here is
that the company under study does not have an ac-
curate procedure for demand forecasting and plan-
ning. Hence, the enterprise’s managers are not able
to negotiate in advance with suppliers in order to ob-
tain better quality of raw material. We argue that the
better the knowledge of the marketplace the better
the possibilities to establish long term relationships
with suppliers and therefore the better the quality of
raw material. At the end, this will lead to a decrease
of production costs, since, depending on the features
of the purchased leather (skin), the production pro-
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cess and the quality will be affected, increasing or
decreasing its value. Figure 4 presents three types
of raw material received by the enterprise under
study. However, from the management standpoint,
we do believe that first the impact of having to pro-

Figure 2. Process flow diagram

this concern.

cess the current raw material must be quantified to
afterwards propose an eventually different purchas-
ing policy to negotiate with suppliers. The proposed
simulation study will give us some insights about

OPERATION DIAGRAM Sumary
Activity Number | Time(Hrs)
PROCESS : Leather Process O 28 124
Since: Salting Until: Measurement |§| 1 0,01
Totaly 29 124,01
Raw Skin
H20 Dirty
3 Hrs H20 Dirty
0,5 Hrs H20 Dirty
4 Hrs Unhearing
Hair
Reamining
0,03 Hrs Fleshing Meat and
0,02 Hrs Pedaz.os de
piel
0,02 Hrs Gore
05 Hrs Weighing Lod
Drum
8 Hrs Wet blue Tannery
B ——
0,01 Hrs Selection 1
0,03 Hrs Drain
0,03 Hrs Thickness
0,02 Hrs Fixing 2
3 Hrs Retanning
3 Hrs Grease
3 Hrs Staining
945 Hrs Enviromental
Dry
3 Hrs Fulling
0,02 Hrs Streaching
0,02 Hrs Schedule
0,03 Hrs Grinding Rubble
0,05 Hrs Undust Shaving
0,5 Hrs Unloading Skin
0,03 Hrs Ironing 1
0,08 Hrs Mat
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Table 1. Raw material selection categories

Selection category

Accepted quality features

First selection (type 1A skin)
Second selection

Third selection

Fourth selection

Fifth selection

Few scratches (patched in site) located in the center of the skin
Little holes of insects and low fixed scratches

Notorious insects holes and evident scratches

Any defect that could be ground

Any defect that could be ground and holes

Figure 3. Pareto chart of raw material

4 5 3 2

Selection category of leather

Figure4.Types of raw material entering the production process

Purchase type 1 Raw leather

L

J/ -
Purchase type 2 Gut leather ‘l' ™
L | giA

Wet blue §
'

As explained before, raw material is received from
suppliers at different stages of processing. Figure 4
presents the three types of raw material received by

Purchase type 3

the enterprise under study. Depending on the pre-
vious state of processing, the quality of leather en-
tering the process will strongly affect the global cost
of manufacturing. For instance, for the case of raw
leather, since hair is still present not all defect are
visible and hence a processing is required in order
to remove it. About 45% of this type of raw mate-
rial does not accomplish quality specifications after
some processing. However, the decision-makers do
prefer buying leather with skin because it is pos-
sible to control the defects during manufacturing.
According to managers’ experience, the enterprise
estimates the following percentages of defects: 5%,

Selection % Cum
category
4 4444 4444
5 2778 72.22
3 16.67  88.89
2 8.89 97.78
1 2.22 100

10% and 10% having, respectively one, two or three
holes at the lower part, 40% having more than three
perforations at the lower part and some in the cen-
ter and some scratches, 3% having more than three
holes located at the center of the leather, and 2%
corresponds to leather with multiple defects and
not possible to be repaired. These defects are only
detected once the product becomes gut leather, that
is, after eliminating the hair from the raw material.
Note that according to quality requirements by cus-
tomers, only leather fitting within the first three
categories can continue processing: 55% of the total
raw material. The other 45% of material is consid-
ered waste and does not generate any value-added
processing for the enterprise. However, 22% of this
waste product could be sold at a lower price than
bought by the enterprise.

For the case of gut leather, defects are clearly visible
at the time of purchasing. The range of selection is not
as big as when raw leather is purchased; it is assumed
that this leather has already been preselected. There
are three types of selection for the gut: Type A is used
for high quality furniture, type B is used for manu-
facturing standard quality furniture, and Type C is
devoted to make cars upholstery. When the raw mate-
rial is purchased as gut leather, the tanning process al-
lows it to become wet blue leather (or simply wet blue)
and it is ready for actual production. Another specific
selection can be made. From a lot of 100 pieces, the
distribution of leather is shown in figure 5, ordered
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by decreasing quality level. Finally, wet blue leather is
bought in order to satisfy picks of demand when there
is not enough time to process the raw material since
the beginning of the production process. Even if this
supply strategy allows flexibility and agility to satisfy
demand, buying wet blue leather implies high cost
and hard difficulties to repair quality defects. Two cat-
egories of product are defined: first-class leather dedi-
cated to furniture (by decreasing order of quality: M1:
15%, M2: 40%, M3: 35% and M4: 5% of pieces), and
second-class (low quality) leather, which is devoted to
car upholstery (F1: 2% and F2: 3% of pieces).

Figure 5. Quality distribution of gut leather purchases

MI: 1%
M2: 6%
M3: 10%
M4:30%
MS5: 46%
M6: 5%
M7: 2%

Types A
and B

Raw material

M: leather for furniture
F: leather for car upholstery

A: 40%
B: 50%
C: 10%

Tannery
processing

—

F1:2%
F2: 1%
F3: 1%
F4: 6%

Note that the purchase of raw material has been the
most significant problem for the company. The in-
herent defects of the skin where at some time a key
problem to be solved. However, researchers working
for the enterprise have generated very good chemical
processes that are the most valuable knowledge they
have developed. The challenge now is to understand
both economic and productive implications of con-
tinuing processing leather with those quality condi-
tions. The proposed simulation model is developed in
order to attain such objective.

SIMULATION MODEL

As explained previously, discrete-event simulation
(DES) was used to analyze the behavior and global
performance of the leather manufacturing system.
The model was built using Arena® software, which is
a generic simulation package able to simulate a large
variety of systems (Fibregas et al. 2003). The model
allows presenting the current production situation
and modeling different production scenarios seek-
ing the improvement of key performance metrics.
The model was built to simulate the operation flows
of the Carioca black leather, the most representa-
tive product manufactured by the company. It be-
gan with the entry of the raw leather and later other

types of purchase where introduced, gut leather and
wet blue. The process flow, described in Section 2
(see figure 2), was represented using logical blocks
provided by the software. Some complex operations
had to be modeled using several blocks.

Input data concerning the information about pro-
cessing times and time between arrivals was ob-
tained from two sources: historical data provided by
the company and data obtained after carrying out a
time study. Tests of fitness were carried out in or-
der to obtain the best probability distributions that
characterize those data. Since most of available data
about arrival and processing times were obtained
from small samples (30 or less), a Kolmogorov-
Smirnov test of fitness was chosen for all the pro-
cesses (Montoya-Torres 2006). For some processes,
uniform and constant distributions were considered
to be the most appropriate due to lack of data or be-
cause carrying out on-field sampling was too long
lasting and wasteful. In particular, this last was the
case of the tanning process: processing duration is
typically between 48.5 and 51.3 hours. Other input
information was taken from the enterprise data-
base, such as costs. Other operating conditions like
number of resources, input processes, assignment
of operators to machines, etc., were modeled exactly
as currently existing at the enterprise. The length of
simulation was set to be one year of production and
a total of 10 replications were performed. The whole
model is presented in figure 6. A warm-up period was
considered and statistics collected during this period
were discarded in order to eliminate initialization
bias. Model’s operational validation and verification
was done by using two independent and comple-
mentary techniques presented in Banks et al. 2005,
Sargent 2001, as employed in many simulation case
studies (see for example the work of Montoya-Torres
et al 2009). The first technique is the classical statis-
tical validation. The appropriate statistical test is a t-
test. The average total simulated processing time was
compared with the theoretical processing time (i.e.
the sum of processing times on all machines). The
obtained probability of no reject the null hypothesis
was 0.97 and hence this test provides no evidence of
model inadequacy. The second technique consisted
of a Turing test, for which the knowledge of experi-
enced engineers about the system behavior is used
to operationally validate the simulation model.
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Figure 6. Structure of the simulation model
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ANALYSIS OF RESULTS: CURRENT
SITUATION

This section presents a summary of results obtained
from the simulation of the current situation at the
factory. The objective here is to identify the global
system bottleneck resource(s) and to identify pos-
sible scenarios for improvement, as well. Key perfor-
mance metrics were defined to be the average wait-
ing time of an entity in a queue (time an entity has
to wait before being processed by a resource), the
average number of entities in a given queue, and the
average resource utilization rate.

Values obtained for the first metric are presented
in figure 7. We can observe that the processes with
the longest average waiting time of entities in queue
are unhairing and re-tanning (re-tannery). This
is explained by the fact that the number of arriv-
ing entities is higher than at the other parts of the
process, and because these two operations require a
large amount of time when compared to the rest of
the process. This situation is verified by the results
obtained for the two other key indicators: average
number of entities in queue (figure 8) and average
resource utilization (figure 9). It has to be noted that
resources in this last figure are ordered alphabeti-
cally. Hence, the reader must remark that resource
named “Drum_3” is the resource that corresponds to
re-tanning operation.

Figure 7. Average waiting time in queue: all process stages
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Figure 8. Average number of entities in queue
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Another interesting analysis to be carried out con-
cerns the study of costs related to the production
process. Figure 10 is a comparative chart of utiliza-
tion costs of each resource (machines and operators).
The most expensive operator for the company is the
person performing the operations of thickening and
grinding (“Employ_4" in the figure), who is paid per
hour and per finished piece. On the other hand, the
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most expensive machine is the “Press” which is used
three times during production.

Figure 9. Average resource utilization
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Figure10. Comparison of operational costs per resource
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ANALYSIS OF SCENARIOS

Once we have analyzed the current behavior of the
production system, we proceeded to explore several
alternatives in order to improve key performance
metrics. Different manufacturing scenarios were
studied and comparison between them was carried
out using statistical methods. As we could observe
in the simulation results, two critical resources are
present in the production line: the “drum” of tan-

Table 2. Description of scenarios

nery process and the operator in charge of coat, flush
and measurement processes. Hence, considering this
situation, a first analysis was performed by adding
one or two drums to re-tanning processing. Results
for the first set of experiments are shown in table
2 and figure 11, for key performance metric named
resource utilization, number of entities processed
at this stage of the production process (i.e. entities
completely processed by the resource) and waiting
time in resource’s queue. Then, a second analysis was
carried out by adding one or two operators. Results
of this second analysis are presented in table 3.

As we can observe in table 2, there is a difference be-
tween average values of resource utilization, which is
explained by the fact that having more resources to
perform the re-tanning process, arriving entities will
be distributed among them. Hence, waiting times
in queue will diminish, and the number of entities
that are actually completely processed will increase.
By observing box-and-whistles diagrams in figure
11, generated using SPSS software, we can observe
that the values of both metrics resource utilization
and waiting times in queues are statistically differ-
ent when compared to the current situation and the
two new scenarios. However, this is not the case of
the number of entities finishing processing at this
stage of manufacturing. We can observe that box-
and-whistles diagram of the two proposed scenarios
overlap. Hence, there is no statistical difference in
having three drums in comparison with the perfor-
mance with two drums. The huge investment re-
quired for buying, installing and operating this third
drum will not be reflected in the number of finished
products. It is to note that similar results will then
be obtained later in Section 6 when performing the
optimization of the simulation model.

Scenario properties

Responses (average values)

Control variable

Name
(number of resources)

Current situation Re-tanning 1
process

Scenario 1 Re-tanning 2
process

Scenario 2 Re-tanning 3
process

Resource utilization

. . Waiting time in
No. entities exiting ,
resource’s queue

95.1% 36 780.93
60.7% 46 357.26
42.6% 49 173.49
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Figure 11. Comparison of scenarios
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a) Utilization level

For the case of the operator in charge of coating,
flushing and measurement processes, experiments
were also carried out by adding one or two more op-
erators to help the execution of these tasks. Results
of the comparison of scenarios, average values, are
presented in table 3. A local analysis of this produc-
tion step will not give any interesting output by add-
ing one or two more operators because waiting times
in queues are zero and hence the number of enti-
ties actually finished at this step remains the same

Table 3. Description of scenarios

b) Waiting time in queue

¢) Number of output entities

whatever the scenario. We can observe that resource
utilization rate decreases by adding more operators,
which is logic. The interest of performing these sim-
ulations is to analyze the impact that the decision of
speeding this process step will have on the final stag-
es of the production process. By adding one opera-
tor at this stage, entities are finished faster and an
increase of the utilization level was observed at the
subsequent resources. This will be observed in detail
in the next section when performing optimization.

Scenario properties

Responses (average values)

Name Control variable Resource No. entities exiting Waiting time in re-
(number of resources) utilization source’s queue
Current situation  Operator 1 15,5% 29 0
Scenario 1 Operator 2 7.8% 29 0
Scenario 2 Operator 3 5,2% 29 0

OPTIMIZATION USING SIMULATION

The problem of determining the best combination
of variables to use as input for a simulation model
often arises in practice (Paternina-Arboleda et al.
2008). Typically, the input values have to be chosen
such that the cost function is optimized, where the
latter is computed from the output variables of the
model. This problem has to be addressed in applica-
tion domains where the modeling of the system is
not possible by using a mathematical approach. In
the area of manufacturing systems, for instance,
simulation-optimization has been applied to opti-
mize several practical objective functions such as
productive machine hours, the cost of automated
transport/storage systems, the idle time of assem-

bly systems, or to tune the parameters of schedul-
ing heuristics or to configure Kanban systems (Klei-
jnen 1993, Rosenblatt et al. 1993, Mebarki 1995,
Paris et al. 1996, Paternina-Arboleda et al. 2008). A
simulation-optimization problem is an optimization
problem where the objective function is a response
evaluated by simulation (Andradottir 1998, Boesel
et al. 2001). It may be formulated as , where Z is the
criterion (or the vector of criteria) evaluated from
simulation, is the vector of variables and each vari-
able takes its values in a domain .

Several studies have been carried out on simulation-
optimization. These approaches can be categorized
in four major classes: gradient-based search meth-
ods, stochastic approximation methods, response
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surface methodologies, and heuristic methods (An-
dradottir 1998, Fu 1994, April et al. 2003, 2004, Kim
2006). Basically, the aim of each of these approaches
is to propose a strategy to explore the solution space
D with a limited number of simulation experiments
(Pflug 1984). Two types of strategies exist. The first
consists in collecting a sample of interesting points
(e.g. using experimental design) and exploiting these
points in a second step (e.g. using a response sur-
face). The second strategy consists in searching it-
eratively the domain D, which requires a connection
between the optimization algorithm and the simula-
tion model (Haddock and Mittenthal 1992).

One of the optimization tools available in commercial
simulation packages is OptQuest®. This tool favors
the optimization procedure of the simulation model
by employing meta-heuristics optimization proce-
dures: the meta-heuristic optimizers chooses a set
of values for the input parameters and uses the re-
sponses generated by the simulation model to make
decisions. The meta-heuristics procedures employed
by OptQuest® are Scatter Search in conjunction with
the memory-based approach Tabu Search (April et al.
2006). OptQuest® finds the optimal solutions for the
simulation model through the generation of entries
(admissible values for the control variables) starting
on the recursive evaluation of the responses (April et
al. 2001). The control variables and minimum, sug-
gested and maximum values considered in the simu-
lation-optimization model are defined to be: the drum
with values 1, 2 and 3, respectively, and the number
of operators performing the processes of coating,
flushing and measurement with values 1, 2 and 2, re-
spectively. Responses (optimization objectives) were
defined to be the minimization of the total cost per
entity, the value added cost per entity and the total
accumulative cost of the process. Figure 12 presents
the evolution of the objective function of the three
cost metrics. Results recommended by OptQuest® for
the control variables according to the optimization of
costs functions are present in table 4. After running
the optimization, we observed that when the accumu-

lative total cost per process is taken into account, the
investment in an additional operator is not interest-
ing for the global performance of the manufacturing
system. This result was very surprising for managers
of the company since they believed that increasing the
speed of the processes of coating, flushing and mea-
surement will influence positively the global system
performance. On the other hand, from the point of
view of the entities, there is an increase in the amount
of outgoing entities from the resource called “drum”:
those entities are sharing the global cost and hence it
would be worth to invest in an additional resource of
this type. It is to note that the company currently has
one resource “drum” for the re-tanning process and
hence 1450 skins are processed during the production
period (one year). If another “drum” is purchased,
then 2100 pieces could be processed. Obviously, an
investment is required and there will be an increase in
fixed costs. However, this cost will be absorbed by the
additional amount of finished products exiting the
system during the production period. Hence, a posi-
tive profit is obtained by about 44.62% of increase.
This profit can be computed by considering the num-
ber of finished products sold versus the cost incurred
when installing the additional resources.

Figure 12. Converge of optimizations according to the
objective function

Objecive Vot Objncive Waes

a) Total cost per entity b) Total process accumulative cost

Oeicte Vs

¢) Value added cost
per entity
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Table 4. Results recommended after optimization for the control variables

Configuration Valueadded Totalcost/ Output enti- Output Total cost of out- Total process ac-

cost / entity entity ties (1_Drum) entities put entities cumulative cost
(2_Drums)

Sc. 1 (2 drums) $889,094 $14,893,00 - 2100 $1,.888,,097,,400 $31,275,300

Sc.0 (1 drum) $919,419 $15,232,33 1450 - $1,333,,157,550 $22,066,086,5

Gap $554,939,850 $9,188,421,5

Gap (%) 40% 42%

CONCLUDING REMARKS In: Ingalls RG, Rossetti MD, Smith JS, Peters BA (eds), Pro-

This paper considered a complex manufacturing pro-
cess found in a tannery production. We proposed
a simulation model in order to analyze the current
production process and to propose alternatives for
improvement. The model achieved good perfor-
mance in terms of confidence with respect to the real
situation in which the company operates. The simu-
lation found that the bottleneck resource is in the
process of re-tanning because of the lack of capacity
of the “drum” to process the amount of entities that
arrive. Among the nonphysical resources, operator
dedicated to the processes of coating, plushing and
measurement showed to restraint the global produc-
tion capacity.

An optimization routine, based on the standard
OptQuest® tool for Arena®, was also developed and
optimum parameters of the simulation model were
found. It was found that investing on a “drum” al-
lows the company to increase production by 44.83%.
But, to hire an additional operator to help the pro-
cesses of coating, flushing and measurement is sta-
tistically indifferent.

REFERENCES

Andradottir, S. (1998). Simulation optimization. In: Banks J
(ed), Handbook of Simulation, pp. 307-334.

April J, Glover E, Kelly J., & Laguna M. (2001). Simulation/
Optimization using “real-world” applications. In: Peters BA,
Smith JS, Medeiros DJ, Rohrer MW (eds), Proceedings of
the 2001 Winter Simulation Conference, pp. 134-138. IEEE,
Piscataway, USA.

April J,, Glover E, Kelly J. P,, & Laguna M. (2003). Practical intro-
duction to simulation optimization. In: Chick S, Sdnchez PJ,
Ferrin D, Morrice DJ (eds), Proceedings of the 2003 Winter
Simulation Conference, pp. 71-78. IEEE, Piscataway, USA.

April J., Better M., Glover E, & Kelly J. (2004) New advances
and applications for marrying simulation and optimization.

ceedings of the 2004 Winter Simulation Conference, pp. 80-
86. IEEE, Piscataway, USA.

April J., Better M., Glover E, Kelly J., & Laguna M. (2004). En-
hancing business process management with simulation op-
timization. In: Perrone L. E,, Weiland F. P, Liu J., Lawson B.
G., Nicol D. M., Fujimoto R. M. (Eds), Proceedings of the
2006 Winter Simulation Conference, pp. 642-649. IEEE,
Piscataway, USA.

Banks J.,, Carson J. S., Nelson B. L., & Nicol D. M. (2009). Dis-
crete-event system simulation. Prentice Hall.

Barra Montevechi J. A., da Silva Costa R. F., Leal F,, Ferreira de
Pinho A., & Tadeu de Jesus J. (2009). Economic evaluation
of the increase in production capacity of a high technology
products manufacturing cell using discrete event simula-
tion. In: Rossetti M. D., Hill R. R., Johansson B., Dunkin A.,
Ingalls R. G. (Eds), Proceedings of the 2009 Winter Simula-
tion Conference, pp. 2185-2196, IEEE, Piscataway, USA.

Blanco E. E., & Paiva E. (2014) Supply chain management in
Latin America, International Journal of Physical Distribution
& Logistics Management, 44(7), editorial.

Boesel J., Bowden R.O., Glover E, Kelly J. P., Westwig E. (2001).
Future of simulation optimization. In: Peters BA, Smith JS,
Medeiros DJ, Rohrer MW (Eds), Proceedings of the 2001
Winter Simulation Conference, pp. 1466-1469. IEEE, Pisca-
taway, USA.

Dangelmaier W., Mahajan K. R., Seeger T., Klépper B., & Auf-
enanger, M. (2006) Simulation assisted optimization and
real-time control aspects of flexible production systems sub-
ject to disturbances. In: Perrone L. E, Wieland F. P, Liu J.,,
Lawson B. G., Nicol D. M., Fujimoto R. M. (Eds), Proceedings
of the 2006 Winter Simulation Conference, pp. 1785-1795.
IEEE, Piscataway, USA

Fabregas A., Wadnipar, R., Paternina, C., & Mancilla, A. (2003).
Simulacion de sistemas productivos con Arena®. Ediciones
Uninorte, Barranquilla, Colombia

Fu, M. C. (1994). Optimization via simulation a review. Ann
Oper Res, 53,199-247.

Haddock J., & Mittenthal J. (1992). Simulation optimization
using simulated annealing. Computers and Industrial Engi-
neering, 22, 387-395.

© JOSCM | Sao Paulo | V.10 | n. 2 | July-December 2017 | 06-17

ISSN: 1984-3046

16



17 AUTHORS | Carolina PirachicAn-Mayorga | Jairo R. Montoya-Torres

Harmonosky, M. C. (1995). Simulation-based scheduling: Re-
view of recent developments. In: Proceedings of the 1995
Winter Simulation Conference, pp 220-225. IEEE, Piscat-
away, USA

Hillier E, & Lieberman G. (2005). Introduction to Operations Re-
search. McGraw-Hill, USA.

Kim, S. (2006). Gradient-based simulation optimization. In:
Perrone L. E,, Wieland, E. P, Liu J., Lawson, B. G., Nicol, D.
M., Fujimoto, R. M. (Eds), Proceedings of the 2006 Winter
Simulation Conference, pp. 159-167. IEEE, Piscataway, USA

Kleijnen, J. P. C. (1993). Simulation and optimization produc-
tion planning: A case study. Decis Support Syst, 9, 269-280.

Lee, S., Ramakrishnan, S., & Wysk, R. A. (2002). A federatopm
object coordinator for simulation based control and analy-
sis. In: Yiicesan E., Chen C.H., Snowdon J. L., Charnes, J. M.
(Eds), Proceedings of the 2002 Winter Simulation Confer-
ence, pp. 1986-1994. IEEE, Piscataway, USA

Mebarki, N. (1995). Une approche d'ordonnancement temps réel
basée sur la sélection dynamique de régles de priorités. PhD the-
sis. Université Claude Bernand Lyon I, France.

Montoya-Torres, J. R. (2006). Discrete-event simulation. Lec-
ture notes, Department of Productive Processes, Pontificia
Universidad Javeriana, Bogota, Colombia

Montoya-Torres, J. R., Campagne, J. P, Rodriguez-Verjan, G.
(2009). Implementing an integrated framework for internal
logistics management in automated semiconductor manu-
facturing. International Journal of Logistics Systems and Man-
agement, 5(3-4), 418-435.

Montoya-Torres, J. R. (2010). A Monte-Carlo simulation-based
approach for single-machine job scheduling with release
dates and sequence-dependent setup times. In: Meja, G.
(Ed), Technologies in Logistics and Manufacturing for Small
and Medium Enterprises, Proceedings of the 5th International
Conference on Production Research Americas. CD-ROM Paper
8, July 21, 2010. Bogot4, Colombia.

Montoya-Torres J. R., Gonzélez-Solano, F., & Soto-Ferrari, M.
(2012). Deterministic machine scheduling with release
times and sequence-dependent setups using random-inser-
tion heuristics. International Journal Advanced Operations
Management, 4(1-2), 4-26.

Mullarkey, P, Gavirneni S., & Morice, D. J. (2000). Dynamic
output analysis for simulation of manufacturing environ-
ments. In: Joines, J. A., Barton, R. R., Kang, K., Fishwick,
P. A. (Eds), Proceedings of the 2000 Winter Simulation Confer-
ence, pp. 1290-1296. IEEE, Piscataway, USA.

Paris, J. L., Pierreval, H., & Tautou L. (1996). Une approche
pour la configuration de systémes Kanban multi-produit par
algorithme évolutionniste. Journal Européen des Systémes
Automatisés, 30, 929-944.

Paternina-Arboleda, C. D., Montoya-Torres, J. R., Fibregas-Ari-
za, A. (2008). Simulation-optimization using a reinforce-
ment learning approach. In: Mason S. J., Hill, R., Moench
L., Rose, O. (Eds.), Proceedings of the 2008 Winter Simulation
Conference, pp. 1378-1383. IEEE, Piscataway, USA.

Pawlewski P, Fertsch, M. (2010). Modeling and Simulation
method to find and eliminate bottlenecks in production lo-
gistics systems. In B. Johansson, S. Jain, J. Montoya-Torres,
J. Hugan, & E. Yiicesan. (Eds.). Proceedings of the 2010 Win-
ter Simulation Conference, pp. 1946-1956. IEEE, Piscataway,
USA.

Pirachican Mayorga, D. C., Camacho, L. F, Montoya-Torres, J.
R. (2010). Simulacién y analisis del proceso de fabricacién
de curtiembres. In: G Mejia (Ed.) Technologies in Logistics
and Manufacturing for Small and Medium Enterprises, Pro-
ceedings of the 5% International Conference on Production Re-
search Americas. CD-ROM Paper 67, July 21, 2010. Bogota,
Colombia.

Pflug, G. C. (1984). Optimizing simulated systems. Simuletter,
15, 6-9.

Rabbath, C. A., Abdoune M., Belanger, J. (2000). Effective real-
time simulation of event-based systems. In: Joines, J. A.,
Barton, R. R., Kang, K., Fishwick, P. A. (Eds), Proceedings of
the 2000 Winter Simulation Conference, pp. 232-238, Piscat-
away, USA.

Rosenblatt, M. J.,, Roll, Y., Zyse, V. (1993). A combined optimiza-
tion and simulation approach for designing automated stor-
age/retrieval systems. IIE Transactions, 25, 40-50.

Sargent, R. G. (2001). Some approaches and paradigms for veri-
fying and validating simulation models. Proceedings of the
2001 Winter Simulation Conference, 106-114.

Sharda B., & Bury S. (2010). bottleneck analysis of a chemical
plant using discrete event simulation. In: Johansson, B.,
Jain, S., Montoya-Torres, J., Hugan, J., Yiicesan, E. (Eds),
Proceedings of the 2010 Winter Simulation Conference, pp.
1547-1555. IEEE, Piscataway, USA.

Smith, J. S, & Brett, P. A. (1996). Short term scheduling using
discrete event simulation. Department of Industrial Engi-
neering, Texas A&M University, submitted to Southwestern
Bell-Technology Resources, Inc. Retrieved from http://tam-
cam.tamu.edu/Research/short.htm

Solano-Charris, E. L., & Paternina-Arboleda, C. D. (2013). Sim-
ulation model of the supply chain on a naval shipyard. Inter-
national Journal of Industrial and Systems Engineering, 13(3),
280-297.

Son, Y. J., & Wysk, R. A. (2001). Automated simulation model
generation for simulation-based, real-time shop floor con-
trol. Computers in Industry, 45, 291-308.

Talbi, E. G. (2009). Metaheuristics: from design to implementa-
tion. John Wiley & Sons, Inc, Hoboken, USA.

Zulch G., Steininger P, Gamber T., & Leupold, M. (2009). Gener-
ating, Benchmarking and Simulating Production Schedules
- From Formalisation to Real Problems. In: Rossetti MD, Hill
RR, Johansson B, Dunkin A, Ingalls RG (eds), Proceedings of
the 2009 Winter Simulation Conference, pp. 2238-2249, IEEE,
Piscataway, USA.

© JOSCM | Sdo Paulo | V.10 | n. 2 | July-December 2017 | 06-17

ISSN: 1984-3046



