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ABSTRACT

Goal: The main objective of this research was to evaluate the application of the Monte
Carlo simulation, in comparison with other estimation methodology, in order to verify if it
would be possible to apply this tool to improve the risk perception of deadlines during a
procurement process for logistical support of defense projects.

Methodology: By means of collected data from 2015 to 2017, a comparison was conduct-
ed among deadlines of real procurement processes versus simulated processes with the
use of the Monte Carlo simulation.

Results: The performance analysis of the Monte Carlo simulation suggests that it could
be possible to apply it to the first phase of risk management in order to improve the risk
perception of deadlines during a procurement process for logistical support of defense
projects.

Limitations of the investigation: The main limitation of the research relates to the data-
base analyzed, which involved three different modalities of Bidding Processes.

Practical implications: The data from this research reveals that the Monte Carlo simu-
lation can be used as an effective tool for advising the decision maker and, mainly, the
managers of internal control about aspects of corporate risk management in public orga-
nizations.

Originality/Value: This research presents an original contribution to corporate gover-
nance related to risk management, which is not commonly seen in the Brazilian public
sector.
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1. INTRODUCTION

When the quantity of projects managed by the Brazilian
Air Force (FAB, acronym in Portuguese) increases, the num-
ber of procurement processes increases as well. Moreover,
the amount of time involved in these procurement process-
es has also increased in recent years, causing a slowdown
from the formalization of a need (object request) to the re-
ceipt of this acquisition. This slowdown causes a negative
impact on the public administration and, consequently, an
increase of the uncertainty throughout the process of public
procurement (Araujo et Jesus, 2013).

In this context, achieving organizational agility and control
is very important in the processes of stock replenishment for
logistical support, since any delay would incur, for example,
a lack of items to the Aeronautics Material Park and Logis-
tical Groups. That would consequently lead to unavailability
of aircrafts and equipment and, thus, compromise the fulfill-
ment of the Brazilian Air Force (FAB) mission.

Corporate Risk Management faces a lack of specific ap-
proaches and tools that enable its implementation, since the
standards and models of governance processes do not give
the same focus to the Management of Corporate Risks that
the risk management applied to Projects Management pro-
vides (Etges, 2015).

For this reason, some questions about the possibility of
using the Monte Carlo simulation in the government bidding
processes arise, since this simulation has already been used
as a tool for the quantitative risk analysis involving deadlines
in the project management area. Similarly, bidding process-
es, according to Brazilian Law 8.666/93 (Brasil, 1993), have
their steps well defined with deadlines that are likely to be
estimated.

Then, would it be possible to apply a methodology for
quantitative risk analysis in order to improve risk perception
involving deadlines during a process of acquiring items fo-
cused on logistical support? How is an approach supposed
to be formulated in order to forecast deadlines and mea-
sure risks involving procurement processes focused on the
logistical support of defense projects by means of the Monte
Carlo simulation?

For this purpose, three modalities of bidding were select-
ed (Ineligibility for Tender, Electronic Reverse Auction and
Request for Quotes) for the simulation. The results obtained
in the applicability of the Monte Carlo simulation, through
the @RISK software, were compared to the real procure-
ment data for logistical support items, managed by one of
the main logistics acquisition centers of the COMAER. Data
collection involved procurement processes that occurred
between 2015 and 2017.

2. LITERATURE REVIEW

The theoretical framework that provides a grounding
base to this article is related to impacts of procurement on
governance and risk management, Monte Carlo simulation
and public procurements by means of bidding processes.

Risk management

Risk is linked to the exposure to change. It is the proba-
bility that some future event or set of events will occur. It
differs from uncertainty, which is related to a set of known
variables about an event. Colloquially it could be said that
the risk is a known uncertainty and that uncertainty is an
unknown risk. Therefore, the risk analysis involves the iden-
tification of adverse potential change and, as a result, the
expected impact on the organization (Damodaran, 2009).

Risk refers to a threat that, in the event it becomes a re-
ality, may adversely impact a project, either in terms of cost,
term, quality or another dimension (Terribini Filho, 2011).
A risk is characterized by its likelihood of occurrence and its
impact on the objectives of the project. Risk, from a project
management perspective, is an event or an uncertain condi-
tion that can influence at least one project goal if it occurs
(Project Management Institute, 2013).

Many risks can be classified in different contexts. In an
external context, it includes all the external environmental
parameters and factors that influence how it manages risk
and how it tries to achieve its objectives. Internal context in-
cludes all the internal environmental parameters and factors
such as internal stakeholders, approach to governance and
others that can be reduced with the adoption of mitigating
measures (Instituto Brasileiro de Governanga Corporativa,
2007; Cleland and Ireland, 2007; Fortes, 2011).

Monte Carlo simulation

Simulation is the representation of a real system by means
of utilizing relevant information about it in order to analyze
its behavior. It allows an understanding of what would hap-
pen through certain changes to minimize cost and time with-
out the need of modifying for construction or modification
of the actual system (Beneti, 2016).

According to Prado (2014), simulation is the technique
that makes it possible to imitate the functioning of a real
system through the use of a computer by means of simula-
tion software. Thus, it has several applications in the present
day on a variety of areas, ranging from a toll, the functioning
of a bank, a port, the production in a manufacturer up to the
movement of papers in an office.



Monte Carlo simulation specifically uses random num-
ber generation to assign values to the system variables one
wants to investigate. Currently, random numbers can be
generated from several computational methods, such as a
spreadsheet or a specific random number generating soft-
ware. Simulation is then replicated many times, until there is
safety over the characteristic behavior of the decision-mak-
ing variable on which to decide (Palisade, 2015).

It is an efficient tool in the generation of estimates, and
therefore it is highly recommended for the evaluation of un-
certainty. The reason is that it can provide a series of valu-
able information generated from various combinations of
events established as input variables in the simulation, as
well as their respective results within a project. (Abreu et
Amorim, 2017).

Public procurements by means of bidding processes

Brazilian Law No. 8,666, of June 21, 1993, regulates the
art. 37, section XXl, of the Federal Constitution, and estab-
lishes rules for bidding and procurement of public admin-
istration and other matters related to administrative works
and services, including advertising, purchasing, sales and
leases under the authority of Federal, State, Federal District
and Municipalities. All contracts with third parties will nec-
essarily be preceded by bidding, except for the assumptions
provided in this law.

The acquisition process has a strategic role for any insti-
tution or organization to reach its goals. Purchases directly
interfere with the quality and capacity of delivering essential
products or services, which will meet the demand of those
who enjoy profit from the public service (Cavalcanti et Mar-
tens, 2013).

Depending on how the procurement process was con-
ducted in the private sector, acquisition of raw materials,
supplies and components can generate cost reduction and
considerable improvements in profits. Public corporations
have the same objective, although they do not seek profit
as a goal; the proper public expenditure management is fun-
damental to reach the public interest (Tashima et Gomes,
2016).

The bidding process is intended to ensure compliance
with the constitutional principle of isonomy or equality of
rights (impossibility of unequal treatment) and to select the
most advantageous proposal for the administration, that is,
the one that best meets the service interest in an objective
way (Tribunal de Contas da Unido, 2010; Fonseca, 2013).

Brazilian Law No. 8.666/93 also states that every bidding
process must follow certain procedures, according to the
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contract object, that are termed as bidding modalities. Bid-
ding modality is the specific way of conducting the bidding
procedure, from criteria defined in law. It is the estimated
value for hiring the main factor for choosing the bidding mo-
dality, except when it comes to electronic bidding, which is
not limited by values (Tribunal de Contas da Unido, 2006).

Making a contract with third parties in the public adminis-
tration must necessarily be preceded by bidding, except for
the possibility of dismissal and non-requirement of bidding
(Tribunal de Contas da Unido, 2006). These are exceptional
situations that must be fundamentally justified considering
the limits imposed on such discretion to the public adminis-
trator, which may be penalized in the form of the Brazilian
Law (Oliveira et al., 2017).

3. METHODOLOGICAL ASSUMPTIONS

This research initiated through the collection of data in
one of the main acquisition centers of the COMAER, which
was responsible, until the year 2017, for the logistical activ-
ities of demand, purchase, receipt, distribution of material
and hiring of services necessary to the logistical support of
several FAB’s projects.

Three different bidding modalities were selected, and a
future scenario simulation was carried out for each one. A
future scenario simulation was carried out related to the
deadline for the process to be completed. A beginning and
an end for analysis of the bidding process were assumed,
which was from the phase of elaboration of requirements
(shopping list) to the phase of contracting.

Subsequently, the results were compared to the data of
processes already completed considering the same class of
material acquired to verify the performance of the simula-
tion regarding the probability of the process time, as well as
to identify and classify the risks of this same process.

4. SELECTING ITEMS FOR ANALYSIS

From data obtained in the procurements department, the
procurement of an item was simulated by means of the fol-
lowing modalities: ineligibility for tender, Electronic Reverse
Auction and request for quotations, according to Brazilian
Law No. 8.666/93 (Brasil, 1993) and Law No. 10.520/02 (Bra-
sil, 2002).

For each bidding modalities analyzed, the analysis was
evaluated with the help of the managers responsible for the
procurements by means of an unstructured interview—all
the phases prescribed by law for the realization process. Ad-
ditionally, in order to enter the uncertainties of each phase
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of the processes, an estimate was obtained with these man-
agers based on their experiences: optimistic, pessimistic and
a more probable for each phase of the process in order to
feed the simulation.

Using the @RISK software

The computational simulation, through @RISK software,
was developed following three steps executed separately for
each of the bidding modalities.

The @RISK software used is available on the website’s
URL http://www.palisade-br.com/risk/website, in its cheap-
er student version, with a subscription of one year; however,
it maintains the same features of the Standard, Professional
and Industrial versions.

In addition, the @RISK software includes a Top Rank anal-
ysis for spreadsheet that is a tool for performing quantitative
risk assessments that evaluates the relationships between
process parameters to compare the relative importance of
variables, allowing the test of sensitivity/risk associated to
uncertainty/variable.

Step 1: Definition of Uncertainty

Initially, it was necessary to define where there was un-
certainty throughout each process’ step. In the analyzed
cases, uncertainty was considered in all bidding process’
steps. Thus, in order to estimate these uncertainties and
to have an estimate beyond the perception of managers, a
distribution of PERT probability was carried out using three
weighted estimates based on the data, which will behave
within a curve of Odds.

According to Santos (2014), the application of the Project
Evaluation and Review Technique (PERT) is the most com-
monly used method in project timeline estimates, as it is a
model based on mathematical analysis that uses the well-
known expected value (or weighted average) to define the
duration of the project.

Equation 1- PERT.

P+4R+0
Expected Time =
6

In which,

O: Optimistic Time, R: Realistic Time, and P: Pessimistic
Time.

Step 2: Adding Output and Configuring Simulation

Once you have defined the uncertainty throughout the
process and entered the probability distribution scores for
each activity, you must configure the simulation parameters
in the @RISK software. A simulation was performed running
10,000 rotated iterations and then the possibility for the
software to add outputs was chosen.

Step 3: Adding Output and Configuring Simulation

A simulation was performed for each of the three select-
ed bidding modalities. For the electronic reverse auction
mode (Chart 1) it was possible to observe that the deadline
considered most likely by the managers of 261 days was
short, but very close, to the estimate based on the results of
the PERT probability distribution—265 days.

Chart 1. Definition of estimates for electronic reverse auction.

Electronic Reverse Auction
Prede- Time (days) PERT
Activity cessor | Opti- | Real- | Pessi- | Esti-
activity | mistic | istic | mistic | mation
1 | Drafting require- ---- 4 6 8 6
ments
2 Draft of the 1 8 10 15 11
auction notice
3 | SRP Publication 2 5 7 8
ACI Auction 3 3 5 7 5
Notice
5 Preliminary 4 20 25 35 26
Study
6 | NEA COMGAP 5 3 5 20
7 OPAJ NEA 6 2 3 6 3
COMGAP
8 | Legal analysis 7 15 40 50 38
of CJU
9 NEA CJU 8 3 7 15
10| ACINEACIU 9 3 5 7 5
11| COMGAP + NEA 10 20 25 35 26
Approval
12 | Adequacy of the 11 5 8 12 8
Auction Process
13| Publication of 12 8 10 14 10
the Auction
Notice
14| Electronic Re- 13 43 45 50 46
verse Auction
15| Statement of 14 13 15 17 15
Agreement
16 Agreement 15 40 45 50 45
formalization
Total 195 261 349 265

Source: The authors.



Regarding the Monte Carlo simulation applied to each
bidding modalities, in the electronic reverse auction, 90%
probability of occurrence was obtained, with an estimate of
306 days and standard deviation of 9 days (Figure 1).

Concerning the modality of ineligibility for tender, it was
possible to observe an estimate based on the managers’ ex-
perience of 234 days and an estimate based on the results
of the PERT probability distribution of 233 days. Regarding
the Monte Carlo simulation, with a 90% probability of occur-
rence, the estimate obtained was 279 days with a standard
deviation of 11 days.

For the request for quotes modality the estimates ob-
tained were 246 days based on the experience of the man-
agers, of 253 days based on the results of the distribution of
PERT probability and 303 days, with a standard deviation of
11 days, based on the Monte Carlo simulation, with a 90%
probability of occurrence.

5. NUMERICAL COMPARISON

In order to respond to research issues and verify wheth-
er it is possible to apply a methodology for quantitative risk
analysis, typically used in simulation of future scenarios
involving project schedule on procurement processes for
support Logistics of defense projects, a sample of 21 pro-
curements was used. All of them already finished and thus
separated: already completed, ten of the Electronic Reverse
Auction, seven of ineligibility for tender and four of request
for quotes in order to compare the results obtained in the
simulation with the real duration of the processes.
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The 21 real processes used were chosen for convenience
among the 60 processes that had items with direct appli-
cability in defense projects as object of contract items with
direct applicability in defense projects. In case of delay in
the completion of these processes, disorder and operational
impact would possibly occur. The processes analyzed were
initiated and completed between 2015 and 2017. Finally,
those that, according to managers, were considered points
outside the curve, exceptions to the normal management
standards, were excluded.

The results obtained are shown in Chart 2, in which,
concerning the three modalities of procurement, one can
observe the most probable duration estimate made by the
managers, the PERT estimates, and the Monte Carlo simula-
tion, as well as the real duration of the 21 cases.

The estimated number of days of real cases was mea-
sured in the bidding process starting by the phase “Drafting
requirements” to the phase “Agreement formalization”. As
regards the sequence of the actual cases, as listed in Table 2,
they were placed in order from the oldest case to the most
recent case.

Comparison between estimates and actual duration of
the real cases can be best viewed from figures 2 to 4. It is
possible to observe a better approximation between the
Monte Carlo simulation, considering the standard deviation
calculated, versus average cases, which corroborates what
the literature says about the efficiency of the Monte Carlo
simulation in representing a real system.
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E? o, Totalf

0.0% 90.0% 10.0% Estimats FERT
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e 0

0
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Figure 1. Cumulative upward simulation score for electronic reverse auction.

Source: The authors.
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Chart 2. Comparing Simulation Results Versus Real Cases

Days - Estimation Actual Duration of Cases (In Days
Modalities Man- PERT Simulation of 1 2 3 a 5 6 7 3 9 | 10
agers Monte Carlo
Electronic Reverse Auction 261 265 306 (+9) 322 | 308 | 316 | 221 | 316 | 234 | 279 | 364 | 274 | 194
Ineligibility for tender 234 233 279 (+11) 283 | 269 | 308 | 310 | 222 | 234 | 321
Request for Quotes 246 253 303 (+10) 354 | 272 | 297 | 298

Numero de dias

400

350

300

250

200

150

100

50

Source: The authors.

Electronic Reverse Auction
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Figure 2. Comparison between estimates and real cases of Electronic Reverse Auction.
Source: The authors.
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Figure 3. Comparison between estimates and real cases of Ineligibility for tender.
Source: The authors.
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Figure 4. Comparison between estimates and real cases of Request for quotes.

Source: The authors.

6. CONCLUSION

With respect to the first phase of risk management, in the
sense of risk identification to enable the following phases of
analysis and mitigation, this study intended to be a first ap-
proach to the subject, applied to the procurement processes
for the logistical support of defense projects.

With the purpose of investigating the forecast of dead-
lines that allow the measurement of risks and its intended
mitigation, this research made use of the Monte Carlo sim-
ulation, which is widely used in other areas for the same
purpose.

While the Monte Carlo simulation is used for risk man-
agement in other areas, especially in project management,
there does not seem to be many studies addressing the ap-
plication of this simulation to the effects of procurement
processes in Corporate Governance.

According to the context in which the data was obtained,
it was found that the Monte Carlo simulation, carried out by
the @RISK software, behaved as an effective tool for advis-
ing the decision maker and, mainly, the managers of internal
control about aspects of corporate risk management in pub-
lic organizations.

Furthermore, according to the present results, it seems
to be possible to apply a methodology for quantitative anal-
ysis of risks, typically used in simulation of future scenarios
involving project schedule in order to improve the percep-
tion of risk involving deadlines during a process of acquiring
items focused on logistical support of defense items.
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