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Abstract

This research paper is a historical analysis of repair and maintenance purchases for the Corporation of Science and Technology
for the Development of the Naval, Maritime and Fluvial Industry - COTECMAR. More precisely, to the projects from Planta
Bocagrande. This analysis, searches for aspects to reduce the uncertainty gap in the purchases, through strategic measures, which
facilitate the procurement process. The research model is based on the historical data analysis from purchases between 2015 and
2020. It also applies the ABC-XYZ classification, the Kraljic matrix and the criticality levels of the products. The research presents
conclusions and recommendations according to the results from the classification and selection of the most relevant materials or
products within the purchasing group, chosen following Pareto's law. Considering that the repair and maintenance business line
is a market with high uncertainty and variability, adequate planning is required to improve the competitiveness of the services
provided to regional shipyards, as a sample of the effectiveness of the capabilities developed by the Colombian shipbuilding
industry.

Key words: Analysis, historical behavior, uncertainty, purchases, shipyards, repair, maintenance,
products.

Resumen

Este documento de investigacién se presenta como un andlisis del comportamiento histérico de compras en los proyectos de
reparacién y mantenimiento en la Corporacién de Ciencia y Tecnologia para el Desarrollo de la Industria Naval, Maritima y
Fluvial - COTECMAR, mds especificamente para los ejecutados en la Planta de Bocagrande. El anterior andlisis, se centraen la
busqueda de aspectos que reduzcan la brecha de incertidumbre en las compras, mediante estrategias que faciliten la planeacién
de las compras. El modelo de investigacion estd basado en el andlisis histérico de las compras por medio de la clasificacién de
los grupos y productos adquiridos en el periodo de 2015 hasta el 2020 teniendo en cuenta la clasificacién ABC-XYZ, la matriz
de Kraljic y los niveles de criticidad de los productos. La investigacién presenta conclusiones y recomendaciones acordes a los
resultados obtenidos a partir de la clasificacién y seleccidn de los materiales o productos mds relevantes dentro del grupo de
compras, escogidos siguiendo la ley de Pareto. Teniendo en cuenta que la linea de negocio de reparacién y mantenimiento
es un mercado que presenta alta incertidumbre y variabilidad, se requiere una adecuada planeacién que permitan mejorar la
competitividad de los servicios prestados frente a los astilleros regionales, como muestra de la efectividad de las capacidades
desarrolladas por la industria astillera Colombiana.

Palabras claves: Andlisis, comportamiento histérico, incertidumbre, compras, astilleros, reparacion,
mantenimiento, productos.
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Introduction

In relation to its mission and vision, and in the
improvement of its strategic plan, The Corporation
of Science and Technology for the Development
of the Naval, Maritime and Fluvial Industry
(COTECMAR), in recent years has implemented
strategies to strengthen the and
satisfaction of its main customer: the National

attention

Navy; as well as the reactivation of private
customers, in order to further strengthen relations
with them, and in turn achieve a better position to
its future customers (Arcieri, 2014).

Inventory and purchasing management is
considered one of the most complex logistical
aspects, since the large investments involved in
inventories and the need to control the inventory
capital associated with raw materials, product in
process and finished product, is perceived as a
potential area to contribute to the improvement of
the entire supply chain (Axsiter, 2000).

A common problem in inventories is the existence
of surpluses and shortages, better known as
inventory imbalance, which according to Vidal
(2006): "We always have too much of what is not
sold or consumed and too much of what is sold
or consumed". Inventories are made necessary by
random fluctuations in demand and lead times and
by the mismatch generated between the demand of
end consumers and the production or supply of the
products requested (Juan Miguel Cogollo, 2011).
Similarly, procurement management requires
strategies to anticipate clients' needs and thus
guarantee better conditions in terms of cost and
delivery time. In order to establish such strategies,
the Corporation's purchasing databases make it
possible to identify possible patterns in purchasing
management.

In this work, the historical behavior of
COTECMAR's maintenance and repair purchases
in the last five years for the Bocagrande Plant
was analyzed to provide information on the
possible correlation of purchases by groups of
items in specific periods of time. Finally, some
considerations that are expected to optimize the
logistical support of the Corporation are also given.

Description of the problem

For repair and maintenance projects executed by
the Corporation of Science and Technology for the
Development of the Maritime and Fluvial Naval
Industry - COTECMAR to different clients, the
demand for goods and/or services has critical time
lines and its planning is limited by the urgency
of the repair. For this reason, this type of projects
need to identify strategies to anticipate the types of
goods or services required.

COTECMAR in its Logistics Manual shows
the conditions for support activities for repair
projects: "For particular repairs, supply contracts,
consignment and field services necessary to ensure
continuity in repairs will be established, for this will
continue with the strategies outlined in the supply
matrix". (COTECMAR, 2016). However, these
conditions do not contemplate the anticipation
of purchases for the aforementioned maintenance
and repair projects.

By performing an analysis based on historical
purchases by purchasing groups, it will be possible
to identify possible patterns over the last five years
that have a significant correlation. This will make
it possible to recommend measures to anticipate
possible peaks in requirements and provide the
Corporation with better cost and time conditions.

Problem formulation

How has the Corporation of Science and
Technology for the Development of the Maritime
and Fluvial Naval Industry COTECMAR's
purchases for the repair and maintenance projects
of the Bocagrande plant behaved historically over
the last five years?

Justification

Suppliers are the main allies that supply the
necessary materials, allowing the development
of the required projects, "To achieve the success
of an organization includes the selection and
management of suppliers of goods and services,
the negotiation of prices and purchase terms,
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and the acquisition of quality goods and services"
(PILOT; PricewatheratherouseCoopers., 2008). The
performance of suppliers and of the supply chain
in general is determined by the ability to meet
demand. Therefore, anticipating demand means
an improvement in the conditions for the supply of
goods and services, and therefore, an improvement
in the capacity to meet projects.

Having tools to improve purchasing processes from
the planning stage facilitates logistical support
for projects, particularly repair and maintenance
projects, and one of these tools is demand
forecasting. Given the unpredictability of customer
orders, demand management is a key element in
effective supply chain management. During the
demand management process, the customer's
requirements must be balanced with the company's
supply capacity by trying to determine what and
when they will buy (forecasting). To reduce the
level of uncertainty, demand management systems
use the most important points of sale and customer
databases, which can allow a better efficiency of
the physical flow of goods along the supply chain
(Jiménez & Herndndez, 2002).

For repair and maintenance projects, the forecast of
requirements is subject to a high level of uncertainty,
which requires a flexible purchasing process. The
above consideration is embodied in COTECMAR's
logistics manual, "Taking into account the business
dynamics, the model for COTECMAR's purchases
and logistics, has as its main purpose to adapt to
the changing environment of the Corporation,
maintaining an organized and defined structure
that expands or reduces according to the needs of
the organization (High production scenarios and
Low production scenarios)." (COTECMAR, 2016).
This research presents a historical analysis of project
purchases, in order to forecast eventual demand
peaks in the purchasing processes for repair and
maintenance projects.

COTECMAR in its logistics manual does not
currently have tools and / or historical analysis,
focused on forecasting requirements for repair
and maintenance projects; however, it has enough
information to perform such analysis and seck a

competitive advantage, thanks to the ERP-SAP

Bocagrande plant in the last five years

system. In COTECMAR this ERP system provides
historical purchasing information (type of material,
price, business unit, supplier, quantity, among
others) since 2014, being currently a fundamental
tool in all the processes of the Corporation,
evidencing the following: "a company achieves a
total competitive advantage in the market if it has
an integrated information system throughout the
organization, which monitors going through the
chain from sales to purchase planning, through the

analysis of demand, distribution and production”.
(PILOT, PricewaterhouseCoopers., 2008).

This research uses information collected and
refined from the ERP regarding the purchases of
COTECMAR's repair and maintenance projects,
for analysis by date, purchase groups, frequency,
among others. The results of the previous analysis
are presented graphically showing the behavior of
the purchases associated to the projects, during the
last five years. The conclusion is the identification
of the behavior of the groups of purchases for the
repair and maintenance projects.

Objectives
General Objective

To analyze the historical behavior of
COTECMAR's purchases of goods and services
for the repair and maintenance projects at the
Bocagrande plant in the last five years.

General Objective

* Compile information by groups of
COTECMAR's purchases of goods and
services for the repair and maintenance projects
of the Bocagrande plant in the last five years.

* DPerform product classification, by means of
the ABC/XYZ statistical tool, using purchase
group history.

*  Analyze the main purchasing groups according
to the ABC classification, based on historical
behavior.

e Select through the Kraljic Matrix the most
representative materials of each group and classify
them according to their level of criticality.
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Methodology

The methodology applied was the comparative-
historical method, which deals with the
"Procedure of investigation and clarification of
cultural phenomena that consists of establishing
the similarity of these phenomena, inferring a
conclusion about their genetic kinship, that is, their
common origin" (Bernal, 2010). (Bernal, 2010).

It consists of the collection of the information
associated with the purchases of COTECMAR's
repair and maintenance projects. This information
is treated in order to eliminate possible noise in
the data and have cleaner statistics. Likewise, the
information was organized by the different groups
of purchases, graphing the results obtained in
different ways, and thus proceed with the analysis
of possible correlation by applying the Pareto
diagram and the ABC/XYZ analysis, which allows
to know which items generate greater profitability
to the company, the variation that they have in
a given period and thus make better decisions
regarding the supply of each one, which will allow
to optimize inventories (Chackelson, 2010).

Investigation procedure

The research procedure is carried out by means
of the historical-comparative method, which is
the procedure of investigation and clarification of
cultural phenomena that consists of establishing
the similarity of these phenomena, inferring
a conclusion about their genetic kinship, that
is, their common origin. For this project, the
following steps were applied to achieve the
proposed objective:

1. Compilation and maintenance of information
by groups of COTECMAR's purchases
of goods and services for the repair and
maintenance projects of the Bocagrande
plant in the last five years.

2. Classification of products, by means of the
ABC/XYZ statistical tool, using purchase
group history.

3. Analysis of the main purchasing groups
according to the ABC classification, based on
historical performance.

4. Selection through the Kraljic Matrix of the
most representative materials of each group
and classification according to their level of
criticality.

Population and sample

(Bernal, 2010), defines the population as "the
set of all the elements to which the research
refers." (p.160). When the set is very large, then
we proceed to take a representative portion
(sample), therefore, in this project we take as
population the repair and maintenance projects
of COTECMAR; then we take as sample the
purchases of goods and services for the repair and
maintenance projects in the Bocagrande plant in
the last five years.

Techniques and instruments for data
collection

For this project, support was requested from
the Corporation of Science and Technology for
the Development of the Maritime and River
Naval Industry (COTECMAR) who provided a
document in which the history of purchases from
2015 to 2020 is reported, where the analysis and
interpretation of this document was executed
taking as a reference for the classification
of purchases, Table 1: Purchasing Groups.
Additionally, the collection of
through other sources of information such as
official documents from public institutions,
technical and research reports from public or
private institutions, and other secondary sources
such as books, articles, research papers.

information

Results and analysis

Once the information was acquired, a selection
and debugging of data that was incomplete due to
an inadequate digitalization of the information,
and of some items that are not essential in the
maintenance and repair processes, such as travel
expenses, restaurant expenses, catering, lodging,
among others, was carried out. To obtain the
results, statistical techniques such as: Inferences,
diagrams, correlations of variables, among others,
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Table 1. Procurement information by Purchase Groups. Analysis by purchasing groups from 2015 to 2020 for
maintenance and repair projects. (ABC XYZ analysis and classification)

Acumu-

Order Grand "I:ofal P.ar- lative Ranking Average Stand.ard C?ef.. Ranking ABC_
Groups Total ticipation percentaje ABC Deriv. Variation XYZ XYZ
GC0100 608.046 22.378% 22.378% 8.445 13.332 1,58
GC0900 470.416 17.313% 39.691% 6.534 4.877 0,75
GC2600 326.740 12.025% 51.716% 4.538 11.649 2,57
GC0700 321.632 11.837% 63.553% 4.467 5.169 1,16
GC0800 280.568 10.326% 73.878% 3.897 5.889 1,51
GC1600 192.737 7.093% 80.972% B 2.677 3.332 1,24
GC3100 137.968 5.078% 86.049% B 1.916 3.676 1,92
GC2000 102.543 3.774% 89.823% B 1.424 4.494 3,16
GC2400 63.807 2.348% 92.172% B 886 2.037 2,30
GC0400 36.339 1.337% 93.509% B 505 2.391 4,74
GC0300 33.968 1.250% 94.759% B 472 580 1,23
GC2800 31.541 1.161% 95.920% 438 537 1,23
GC1900 22.947 0.845% 96.764% 319 430 1,35
GC1800 19.516 0.718% 97.483% 271 185 0,68
GC2100 15.735 0.579% 98.062% 219 440 2,01
GC0200 12.695 0.467% 98.529% 176 556 3,15
GC0600 12.561 0.462% 98.991% 174 200 1,15
GC0500 11.089 0.408% 99.399% 154 168 1,09
GC1000 4.851 0.179% 99.578% 67 99 1,47
GC1700 3.480 0.128% 99.706% 48 71 1,48
GC1300 2.188 0.081% 99.786% 30 98 3,24
GC1500 1.671 0.061% 99.848% 23 36 1,53
GC3000 1.383 0.051% 99.899% 19 20 1,05
GC1400 1.312 0.048% 99.947% 18 53 291
GC1100 848 0.031% 99.978% 12 30 2,57
GC2900 411 0.015% 99.993% 6 10 1,79
GC3300 94 0.003% 99.997% 1 2 1,85
GC3200 53 0.002% 99.999% 1 3 4,04
GC2700 32 0.001%  100.000% 0 4 8,49

TOTAL 2.717.170 100.000%
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were used to consolidate and graph the information
in order to facilitate the analysis.

In the first instance, the information was
concentrated by purchasing groups according to
Table 1, summing by group, and integrating the
number of units from 2015 to 2020. In addition,
the share that each group represents among the
total units purchased was identified. These groups
of purchases correspond to a pre-established

classification in COTECMAR, which associates

each and every one of the purchases, under a group
composed of similar purchases.

Knowing the participation that each group
represents, it is analyzed by means of the ABC
classification, which allows identifying the product
groups with the highest order volume, generating a
segmentation of the demand, which is evidenced by
the Pareto Principle (Fig. 4) where approximately
20% of the groups represent 80% of the total
purchases for the years 2015 to 2020.

Fig. 1. Total Sharings per groups for 2015 to 2020.
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Fig. 2. Groups porcentaje per ranking ABC.
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Fig. 3. Sharings in procurments by groups.
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Table 2. ABC Classification.

Ranking Group Ranking Total Share of
Numbers Percentage purchases
A 5 17% 74%
21% 21%
= - I
TOTAL 100% 100%

Note. ABC classification by total group and share of
purchases. Source: COTECMAR. Own elaboration.

By means of the ABC classification (Table 2),
a distribution of the groups in three sections is
presented, as follows:

Type A groups: there are five groups GC0100,
GC0900, GC2600, GC0700, GC0800,
which correspond to 17% of the total groups
and account for 74% of total purchases.

Type B groups: there are six groups GC1600,
GC3100, GC2000, GC2400, GC0400 and
GC0300, which correspond to 21% of the
total groups and account for 21% of total
purchases.

Type C groups: there are 18 groups GC1600,
GC3100, GC2000, GC2400, GC0400 and
GC0300, which correspond to 62% of the
total number of groups and account for 5% of
total purchases.

Bocagrande plant in the last five years

XYZ Classification

The XYZ classification is used to approximately
perceive the Volatility of the demand by calculating
the Coefficient of Variation (CV= Deviation /
Average CV= o/p = o/d) where they are placed
according to the following criteria:

Analyzes demand variability.

X: CV < 0.5 (items with uniform demand)
Y: 0.5 < CV < 1 (items with medium variance)
Z: CV < 1 (items with high variability)

Table 1 shows that most of the groups studied
are in the "Z" range where the Coefficient of
Variation is greater than 1, with the exception of
groups GC0900 and GC1800, which belong to
the "Y" set.

ABCXYZ analysis by groups

Taking into account the ABC classification, the
analysis is focused on the groups categorized as
"AZ" GC0100, GC2600, GC0700, GC0800,
(purchases with a high volume of purchases
and very unstable demand and high variability)
and "AY" GC0900 (high volume of purchases,
intermittent demand with medium variability),
in order to focus the research on the groups of
greatest interest.

Table 3. Demand per PG.

Clase

A

B

C

High sales volume,

Average sales volume,

Low sales volume,

X continuous demand, low continuous demand, low continuous demand, low
variability variability variability
High sales volume, Average sales volume, Low sales volume,
Y intermittent demand, intermittent demand, intermittent demand,
average variability average variability average variability
High sales volume, very Average sales volume, Low sales volume, very
VA unstable demand, high very unstable demand, unstable demand, high

variability

high variability

variability

Note. own elaboration, based on (Krzyzaniak S., 2007) & (KaczorowskaZ., 2019) cited in (Zabiniska, 2020).
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Table 3. Purchases PG GC0100.

GC0100 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
2015 2.340 3.635 201 3.229 4.456 713 6.552 2.755 1.162 4.701 2.013 1.229
2016 13.504 9.504 1.906 407 330 49.720 376 966 1.877 12208  10.029 975
2017 12.538  10.138  76.153  27.334 829  12.858 2.687 3.136 1.154 1.993  16.690  17.120
2018 906  32.535 3.592 851 1.001 1.308 931 826 565 1.569 1.305 659
2019 2.164  16.838 1.022  18.102 2.014 1.261  14.451 4518  56.674 17.842 2.461 3.216
2020 1.692 14520 2.019  1.406 1.762 1.252 23239  19.866 7.708  12.130 4791  13.632
:32:;2? 5.524  14.528 14.149  8.555 1732 11.185 8.039 5.345  11.523 8.407 6.215 6.139

Note. Table of the quantity of units purchased monthly of group GC0100 (Abrasives).

Source: COTECMAR. Own elaboration.

Fig. 4. Frequency Polygon 1. Purchases PG GC0100.
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Note. Quantity of units purchased monthly from group GC0100 (Abrasives).

Source: COTECMAR. Own elaboration.

With respect to the purchase group GC0100,
by means of the Frequency Polygon 1 it can be
evidenced that mainly three peaks are represented
that exceed forty thousand units purchased the
first one in June 2016, followed by March 2017 and
finally September 2019, which generates a higher
variation coefficient. Also, May is the month with
the lowest average number of purchases (1,732)
and uniform variability. In addition, in the months
of February there is evidence of annual growth
in purchases with an average variance with the
exception of 2018 in which a peak is shown.

For the GC0900 group, it can be generally observed
that it maintains a high volume of purchases
with an average variability, although two peaks
exceeding twenty thousand units purchased are
highlighted, the first one in February 2015 and
the second one in June 2016. In addition, for the
months of October there is evidence of a smaller
deviation in relation to the average.

The group GC2600 of welding articles and
industrial gases through the previous Frequency
Polygon reflects a high purchase volume with a
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Bocagrande plant in the last five years

Table 4. Purchases PG GC0900.

GC0900 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

2015 1412 25850 13.712  7.704 4.591 2.570 13951 10.118  12.867 7.523 5.377 6.173
2016 892  10.776 9.516  2.086 2.149  23.120 9.087 5.764 1.429 684 316 2.199
2017 338 5.150 2762 2.138 5.397 2.858 3.220 5.933 6.455 6.174 3.544 1.745
2018 11.871 2.039 3528  2.982 3.087 1.806 3.860 3.603  13.250 3.542 8.218 5.075
2019 15.243 4.502 8.139  9.836 5.458 8311 4518  10.085 7.740 7.472 8.457 1.227
2020 15.243 4.502 8.139  9.836 5.458 8311 4518  10.085 7.740 7.472 8.457 1.227
Monthly

7.500 8.803 7.633  5.764 4.357 7.829 6.526 7.598 8.247 5.478 5.728 2.941
average

Note. Table of the quantity of units purchased monthly of group GC0900 (Abrasives).
Source: COTECMAR. Own elaboration.

Fig. 5. Frequency Polygon 2. Purchases PG GC0900.
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Table 5. Purchases PG GC2600.

GC2600 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

2015 49.676  27.029 1.059 986 1.031 906 2.075 596 2.186 1.598 1.154 590
2016 73.623 112 2.210 201 2.438 33 3.390 176 580 300 349 1.192
2017 39.960 1.248 1.732 4.993 763 2.246 5.374 4.874 354 46 862 546
2018 316 19.336 3.733 4.654 277 185 26 164 2.846 827 231 111
2019 8.928 206 198 840 1.917 4.925 442 2.153 1.228 1.822 294 1.193
2020 3.872  20.698 1.671 1.349 281 357 2.832 1.346 821 1.930 263 984
Monthly 28.896  11.438 1.767 2.171 1.118 1.442 2.356 1.551 1.336 1.087 525 769
average

Note. Table of the quantity of units purchased monthly of group GC2600 (Welding and industrial gases).
Source: COTECMAR. Own elaboration.
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high variability and an unstable demand. It also
highlights a high volume purchasing behavior for
the months of January and February accentuated

with Greater relevance in the years 2015, 2016 and
2017 exceeding thirty thousand units purchased.

Fig. 6. Frequency Polygon 3. Purchases PG GC2600.
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Note. Quantity of units purchased monthly from group
Source: COTECMAR. Own elaboration.

The GC0700 group shows a high volume of
purchases, high variability and unstable demand
(Frequency Polygon 4 and Table 6). It is worth
highlighting a peak that exceeds twenty-five
thousand units for the month of July in the year
20215 and a relationship between the five years for
the months of December of these years shows the
way in which variability decreases and the purchase
volume does not exceed five thousand units.

Jun.

Jul. Aug. Sep. Oct. Nov. Dec.

2018 e 2019 e=@== 2020 ==@== Monthly average

G(C2600 (Welding and industrial gases).

In the purchase group GC0800 of Sheetsand Anodes,
there is a high purchase volume, high variability
and unstable demand (Frequency Polygon 5). It is
worth highlighting two peaks that exceed twenty
thousand units of purchase, the first one in April
2017 and the month of August 2019. In addition,
the month with the lowest level of purchase and the
most uniform variability is the month of May at the
general level for the years analyzed.

Table 6. Purchases PG GC0700.

GC0700 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
2015 895 12952 3.604 7.495 4.737 9.019  28.547 5.819  11.790 5.182 2.706 2.655
2016 722 575 734 16.687 2.819 650 353 1.548 1.754 211 415 254
2017 733 1.029 1.906 10454  10.469 2.348 1.560 6.187 2.864 3.882 499 922
2018 3.249 3.581 4.303 2273 678 198 557 376 1.791 2.734 5.886 1.634
2019 3.911 1.856 602 1.332 10.183  18.974 3.426 8.059 1.470 5.690 597 3.574
2020 17.542 3.177 1.445 2.848 2.051 8.219 7.610 8.898  10.632 3.555 1.777 1.968
2/\['2:;2:3 4.509 3.862 2.099 6.848 5.156 6.568 7.009 5.148 5.050 3.542 1.980 1.835

Note.Table of the quantity of units purchased monthly of group GC0700 (Electronic Elements).

Source: COTECMAR. Own elaboration.
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Fig. 7. Frequency Polygon 4. Purchases PG GC0700.
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Note. Quantity of units purchased monthly from group GC0700 (Electronic Elements). Source: COTECMAR.
Own elaboration.

Table 7. Purchases PG GC0800.

GCO0700 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

2015 90 607 222 4.174 245 4999  14.905 234 6.304 6.880  11.995 95
2016 27 61 8.164 44 23 10331 65 69 932 2.191 393 12313
2017 6.478 5242 16375  26.782 123 17.603  13.009 44 9 148 1.981 39
2018 128 33 154 3.863 830 5.583 10 695 64 - 776 30
2019 79 254 76 5.848 1.019 266 5.343  21.058 5.390 158 94 74
2020 10.909 426 10.068 1.645 4.650 1.699 6.221  17.845 910 978 142 66
Monthly

2.952 1.104 5.843 7.059 1.148 6.746 6.592 6.657 2.268 1.726 2.563 2.103
average

Quantity of units purchased monthly of the GC0800 group. Source: COTECMAR. Own elaboration.

Most Representative Materials representative materials of each of the groups

were identified in order to identify the materials
Taking into account the ABC classification of greatest interest for COTECMAR's repair and
applied in the purchasing groups, the most maintenance projects.
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Fig. 8. Frequency Polygon 5. Purchases PG GC0800.
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Note. Quantity of units purchased monthly of the GC0800 group. Source: COTECMAR. Own elaboration.

Table 8. Kraljic matrix of the most representative materials of each group.

FINANCIAL SUPPLY
CODE PRODUCT IMPACT RISK KRALJIC CRITICALITY

Slag Mineral . . .

120000400 . Low Low Routine or Tactical Essential
Abrasive Shot
Sheet A/N

110000139 ASTMA-131 1/4" High High Strategic Vital
8x20' 740.01 kg

130000072 Oxigeno liquido High High Strategic Vital
Screw Phillips

120000806 Drywall DIN7505 Low Low Routine or Tactical Essential
#8x2"

120001104 IlsiﬁCk Plastic Clamp Low Low Routine or Tactical Essential

Note. Kraljic matrix of the most representative materials of each group and classification of criticality level.

Source: Own elaboration.

GROUP  GC0100
MATERIAL 120000400
MINERAL ABRASIVE SHOT

ABRASIVES -
SLAG

According to the frequency polygon 6, there
are three representative purchasing peaks which
exceed forty thousand units, the first one is in
June 2016, the second one in March 2017 and

the last one in September 2019. In addition,
according to the Kraljic matrix, the material Slag
Mineral Abrasive Shot is classified as a routine
or tactical product, it also has a criticality of
essential character generally for maintenance and
repair and maintenance projects.
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Fig. 9. Frequency Polygon 6. Purchases of material 120000400.
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Note. Quantity of units purchased monthly in the last five years of Slag Mineral Abrasive Shot.
Source: COTECMAR. Own elaboration.
Table 9. Purchases for items of code 120000400.

120000400 JAN FEB MAR APR MAY JUN JUL AUG SEP OoCT NOV DEC
2015 0 0 0 0 0 0 0 0 0 0 0 0
2016 12000 9000 0 0 0 46500 0 0 0 12000 10000 0
2017 9500 7000 72000 26000 0 12000 0 0 0 0 12000 12000
2018 0 26000 0 0 0 0 0 0 0 0 0 0
2019 0 15000 0 16000 0 0 14000 0 55500 16000 0 3000
2020 0 14000 0 0 0 0 20000 18000 5000 11000 0 13000
Monthly 3.583 11.833 12.000 7.000 - 9.750 5.667 3.000 10.083 6.500 3.667 4.667
average

Note. Table of Quantity Units purchased monthly for items of code 120000400 (Slag Mineral Abrasive Shot).

Source COTECMAR. Own elaboration.

GROUP GC0800 LAMINATES AND
ANODES MATERIAL 110000139
LAMINATE A/N ASTMA-131 1/4" 8X20'
740.01KG

This product presents a high level of uncertainty,
but has a considerable volume of units purchased
in the second half of the last three years. In
addition, according to the Kraljic matrix, we can
see that this product is classified as strategic, and
has a vital criticality characteristic within the
maintenance and repair projects.

WELDING ITEMS AND INDUSTRIAL
GASES GC2600 - MATERIAL 130000072
LIQUID OXYGEN

This material presents a purchasing behavior
mostly inclined to the months of January
and February with representative volumes.
In addition, according to Kraljic's matrix, it
is classified as a strategic material, and with a
criticality characteristic of vital character within
the maintenance and repair projects.
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Fig. 10. Frequency Polygon 7. Purchases of material 110000139.
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Note. Quantity of units purchased monthly in the last five years of ASTMA-131 1/4" 8X20' 740.01KG A/N
ASTMA-131 sheet 740.01KG. Source: COTECMAR. Own elaboration.

Table 10. Purchases for items of code 110000139.

110000139  JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

2015 0 0 0 1480,02 0 0 0 0 5920,08 3700  11662,9 0
2016 0 0  8140,11 0 0 6660,09 0 0 0 0 370,005 12210,1
2017 740,01  5180,07 4440,11  26644,36 0 11840,16  8140,11 0 0 0 0 0
2018 0 0 0 0 0 0 0 0 0 0 740,01 0
2019 0 0 0 0 0 0 0 17761 4444 0 0 0
2020 9620 0 0 0 0 0 593886 741,93 749 749 0 0
Ia:/\lf(e’:;lgﬂey 1.727 863 2.097 4.687 - 3.083 2.346 3.084 1.852 742 2,129 2.035

Note. Table of Quantity Units purchased monthly for items of code 110000139 (ASTMA-131 1/4" 8X20' 740 A/N
ASTMA-131 sheet). Source COTECMAR. Own elaboration.

Fig. 11. Frequency Polygon 8. Purchases Items 130000072 Liquid Oxygen.
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Table 11. Purchases for items of code 130000072.

130000072 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
2015 35680 0 0 345 0 0 260 0 0 0 0 0
2016 35680 0 0 0 0 0 2405 0 0 0 0 0
2017 8100 0 404 0 0 800 0 714 0 0 0 0
2018 0 8100 520 520 0 0 0 0 1040 0 0 91
2019 3480 0 0 0 0 0 130 0 130 0 0 0
2020 1441 9749 780 0 0 0 0 0 0 130 0 0
xg:;;zy 35680 0 0 345 0 0 260 0 0 0 0 0
Note. Table of Quantity Units purchased monthly for items of code 130000072 (Liquid Oxygen).
Source COTECMAR. Own elaboration
GC900 SCREWS, NUTSAND WASHERS ELECTRONIC ELEMENTS GC0700
- MATERIAL 120000806 PHILLIPS - MATERIAL 120001104 BLACK

DIN7505 #8 X 2" DRYWALL SCREW

This material, through the frequency polygon 9
shows us that it has a behavior focused on the
second semesters of the years under study, and
with peaks in 2015 for the months of March and
July, in 2020 it presented a considerable growth in
the second half of the year. In addition, according
to the Kraljic matrix, this material is classified
as routine or tactical, and a level of criticality
denominated as essential within the maintenance
and repair projects.

PLASTIC CLAMP 14

This reference, shows constant purchases with low
volumes distributed in most months, and a large
peak in 2019 for the month of June. In addition,
it is classified according to the Kraljic matrix as a
routine or tactical material, and alevel of criticality
denominated as essential within maintenance and
repair projects due to the abundance of supply in
the market.

Fig. 12. Frequency Polygon 8. Purchases Items 120000806.
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Note. Table of Quantity Units purchased monthly for items of code 130000072 (Liquid Oxygen).

Source COTECMAR. Own elaboration
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Table 12. Purchases for items of code 120000806.

120000806 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV  DEC
2015 0 2500 5000 0 0 0 5000 0 0 0 1000 0
2016 0 0 0 0 0 0 1000 600 0 0 0 0
2017 0 1600 0 0 0 0 0 400 0 4000 0 0
2018 0 0 0 200 0 0 0 0 600 0 0 0
2019 0 0 200 0 0 0 800 0 0 0 0 0
2020 0 0 0 0 0 1700 2609 2300 1500 3800 300 0
212:;213 0 683 867 33 0 283 1568 550 350 1300 217 0

Note. Table of Quantity Units purchased monthly for items of code 120000806 (Drywall Screw Phillips

Din7505 #8 X 2"). Source COTECMAR. Own elaboration.

Table 13. Purchases for items of code 120001104.

120001104 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV  DEC
2015 0 1100 0 500 300 7400 6200 400 800 0 1100 0
2016 0 0 0 2100 0 0 0 0 0 0 0 0
2017 0 0 0 0 2000 0 0 0 0 0 0 0
2018 100 500 300 0 0 0 0 100 100 100 500 300
2019 300 0 0 300 1300 2400 100 0 0 300 0 0
2020 2103 0 200 130 400 0 100 400 1 2103 0 200
z’i‘e’:;gley 417 267 83 505 667 1633  1.067 150 150 417 267 83

Note. Table of Quantity Units purchased monthly for items of code 120001104 (Black Plastic Clamp 14).

Source COTECMAR. Own elaboration.

Conclusion

In this work was performed, the analysis of the
historical behavior of the purchases of goods
and services of COTECMAR for the repair
and maintenance projects Bocagrande plant in
the years from 2015 to 2020, it was essential for
this analysis to collect information by groups of

purchases which was provided by COTECMAR;

however, during the research it was evidenced

that some data were wrong, reducing the
accuracy of the results. Therefore, the importance
of the adequate use of the information systems
is highlighted, as well as the verification of the
training of the personnel that manages them, and
the standardization of the processes.

In addition, using the ABC/XYZ tool, evidence
was obtained that the behavior of purchases
follows the Pareto rule, where 17% of the
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purchasing groups have a share of 74% of the
total number of units purchased, therefore, the
demand for them is more relevant.

It was also ratified by means of the ABC/XYZ
classification that these purchases highlight a
behavior aligned to an uncertainty market, given
that the volatility of demand could be perceived
in an approximate way by means of the variation
coefficient. For example, 93.1% of the groups
are classified in the "Z" set, indicating high
variability, and 6.9% in the "Y" set, indicating
medium variability.

By means of the ABC classification, the behavior
of the purchase history is analyzed, highlighting
the importance of group "A", which contains
groups GC0100, GC0900, GC2600, GC0700,
GC0800, and therefore its behavior is analyzed
graphically, concluding that there is a high
variability and it does not show a marked
seasonality of demand, nor a punctual and stable
correlation in the years studied. However, it is
necessary to carry out a more detailed follow-up
by product to analyze each case in isolation and
evaluate the characteristics that affect it.

In the case of group GCO0100 (Abrasives), it
was identified as the group with the highest
participation, although it has a high variability,
mainly characterized by purchases of more than
ten thousand units in the month of February, so it
is recommended as a minimum to make purchases
for this month according to the average: 5,524
units. Also for the aforementioned group, a low
level of purchases is observed in the month of
May, with an average of 1,732 units, so it should
be taken into account in the purchase planning.
In addition, since this group has a high volume
of purchases, the feasibility should be studied to
generate alliances with suppliers that allow me
the availability of products at a fair price.

One of the limitations found in the research was
the large number of products, so the analysis
was carried out by groups. However, it would
be valuable for decision making to calculate the
reorder points, time averages of average supply
periods, storage costs, safety stock, among others,

Ship Science & Technology -

Bocagrande plant in the last five years

for each product that will allow you to have
greater control over inventories. Within the most
representative materials can be highlighted in
each group according to Pareto's law as follows:

1. GCO100Abrasives - material 120000400
abrasive mineral slag abrasive grit

2. GCO0800 Sheet and anodes - material
110000139 sheet a/n astma-131 1/4" 8x20'
740.01kg

3. GC2600 Welding items and industrial gases
- material 130000072 liquid oxygen

4. GC900 Screws, nuts and washers - material
120000806 screw drywall screw Phillips
din7505 #8 x 2"

5. GCO0700 Electronic elements - material

120001104 black plastic clamp 14"

These materialsare classified according to Kraljic's
matrix as: routine or tactical (numbers 1, 4, and
5) due to the high levels of supply in the market
or the ease of procurement and with an essential
criticality level. And as strategic (numerals 2
and 3) due to their high procurement risks and
high financial costs and with a vital criticality
level due to the importance in maintenance and
repair projects.
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