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Abstract

This work focuses on helping the decision-making process of a microenterprise, the central
organisation of a flower-exporting supply chain, to satisfy the objective of increasing its
equity value by 300 %, and that of the whole supply chain at the same time. A systems
dynamics-based simulation model is developed to evaluate the order management process in
the supply chain under study, its financial evaluation and a supplier selection module from the
central firm. The objective is to increase the equity value of the central firm and the supply
chain under study. The main contribution of this work is to model and simulate a real world
supply chain for decision-making. Hence, this paper can be used by other supply chains as a

reference for modelling and simulating themselves in order to improve their performance.
(Received in February 2014, accepted in November 2014. This paper was with the authors 4 months for 2 revisions.)
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1. INTRODUCTION

In Cooper et al. [1], a new conceptualisation of supply chain management is proposed where
business processes determine a cut-off in the tasks performed by participating firms, while
each firm has its own set of tasks that must be related to each key process. Integrating key
processes helps meet the supply chain’s objectives. For this reason, the managers who form
part of the chain must make strategic decisions for all the participating entities. Nonetheless,
these decisions can be quite complex given the large quantity of visible and invisible relations
between tangible and intangible factors, and they may also entail risk, which must be assumed
because it is not absolutely certain what results can be attained in the future. Since it is
necessary to know what will happen in the future to make better decisions in the present,
different methods are available that help decision making. One of them is supply chain
simulation.

Supply chain simulation entails modelling a system that represents all or part of its
structure, which means abstracting its factors more simply by representing the operation of
the part to be simulated. According to Campuzano and Mula [2], there are several reasons for
supply chain simulation, which include: observations from real systems can prove impossible
or costly; the complexity of representing a supply chain by mathematical equations and,
despite representing them by such equations being impossible, obtaining a solution with
analytical techniques may prove complex; it helps identify most of the relevant variables and
the interaction among them; it helps consider different scenarios whose information is
unknown; it helps evaluate new policies or decision rules before running a risk in a real
supply chain. However, we may wish to simulate different objectives in distinct areas or chain
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subsystems, and by different analysis types, depending on the problem that the chain is faced
with. In Calderon and Lario [3], 70 articles on the simulation of supply chains are reviewed
and the main concepts are identified.

In Terzi and Cavalieri [4], four different simulation methods are distinguished in the
supply chain context: simulation using spreadsheets, a user-friendy well-proven method to
analyse multi-level supply chain management techniques by simulating different scenarios
[5], systems dynamics, systems dynamics simulation with discrete events and business games.
In order to conduct this work, the systems dynamics simulation model was used. Jay Forrester
founded the so-called industrial dynamics method which later became known as systems
dynamics [6]. According to Forrester [7], industrial dynamics is the study of the feedback
characteristics of information to show how the organisation structure, amplification (in
policies) and backlog times interact to influence whether the firm’s objectives are met or not.
Systems dynamics constructs a model that helps establish the relations between the elements
making up the system structure, and analyses the relation among these elements and the
system’s final performance.

This work focuses on helping the decision-making process in a microenterprise, which is
the central organisation of a flower-exporting supply chain, based on changes made in the
policies or investments considered to satisfy the contemplated objective of increasing its
equity value. To this end, a model is developed to work with the supply chain’s order
management and its financial evaluation, as is a module for the central firm’s supplier
selection. Simulation is run by systems dynamics. Based on this simulation, potential
scenarios are analysed to see how each one influences the change in factors and, therefore, the
objective that the chain considers. The remainder of the article is arranged as follows: Section
2 reviews the state of the art in order management simulation, supplier selection and financial
evaluation. Section 3 describes the supply chain to be modelled, except for all its members
and the order management process in the supply chain. Section 4 defines the supply chain
simulation objective and the scenarios considered to meet this objective. It also explains the
supply chain simulation model by means of causal and flow diagrams of all the sections
identified for its simulation. Section 5 evaluates the simulation results, while Section 6 offers
the conclusions drawn and future research lines.

2. LITERATURE REVIEW

Using the concepts that they applied to model order management in supply chains, Alarcon et
al. [8] establish a conceptual framework to model collaborative order management by
integrating the key aspects that must be considered. Abid et al. [9] present a mathematical
model to maximise customer satisfaction in terms of delivery dates by optimising serving
orders with the lead times available for delivery on time. Jung et al. [10] propose a
mathematical model that represents the negotiation model between a distributor and its
supplier to determine the amounts to be supplied when the product price is set by the market
in a supply chain controlled by the distributor. Khataie et al. [11] develop a mixed integer
multi-objective programming model that considers profit in order to make effective decisions
on accepting orders in the supply chain. Khataie et al. [12] introduce a new approach which
integrates the ABC/M (activity-based costing and management) technique with the systems
dynamics simulation methodology for order management problems. Kirche et al. [13] develop
an order management model to integrate profitability capacity and analysis, and they compare
the efficacy of activity-based costing (ABC) and theory of constraints (TOC) to evaluate the
profitability of an order. Kirche and Srivastava [14] introduce the ABC concepts with mixed
integer programming by describing the physical flow and process characteristics for orders
management and the profitability analysis in a firm faced with demands that exceed capacity.
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Wang et al. [15] analyse the orders dispatching problem and consider a mathematical model
designed by neuronal networks as an orders manager to help orders management in
production distribution. Dordevic et al. [16] use both simulation and analytic hierarchy
processes (AHP), and multiple attribute decisions, to optimise managers decisions on the
information and material flow within multilevel part regeneration systems.

In the supplier selection simulation context, Amin et al. [17] apply SWOT (strengths,
weaknesses, opportunities and threats) quantification for the first time as a decision tool to
devise strategic supplier selection plans by integrating fuzzy logic and triangular fuzzy
numbers to overcome inaccuracies of human thought. Ding et al. [18] contemplate a new
methodology, which is basically composed of three modules: an optimiser using a genetic
algorithm for supplier selection; a discrete events simulator to evaluate operational
performance; a supply chain modelling framework. Lin [19] suggests a method that involves
two stages: the first combines an analytical network process (ANP) with fuzzy preference
programming (FPP) to create a more powerful fuzzy ANP tool for supplier selection by
identifying the interdependency effects among the different selection criteria, and optimum
order allocation for each selected supplier; the second stage provides optimum order
allocation for all the selected suppliers. Mafakheri et al. [20] propose a two-stage systems
dynamics multiple criteria programming approach: the first uses AHP to address the multiple
criteria decision in the suppliers ranking; in the second stage, the suppliers ranking is
introduced into the orders allocation model to maximise the utility function and to minimise
the total cost. Zouggari and Benyoucef [21] adopt a new two-phase decision-making
approach. In the first phase, suppliers are selected using a fuzzy AHP in four criteria classes.
In the second, price criteria, quality and delivery are quantitatively evaluated to allocate
orders to suppliers by means of the fuzzy simulation-based TOPSIS (technique for order
performance by similarity to ideal solutions) technique.

For financial evaluation simulation, Comelli et al. [22] propose implementing the ABC
approach, management costs and payment terms with a view to estimating the cash flow
created by the planning that evaluates tactical production planning. Smith and Martinez-
Flores [23] compare traditional formulations and the present net value of finite horizons in
economic order quantity (EOQ) in discrete times. Guillen et al. [24] contemplate the
integration of supply chain planning/programming into the chemical sector with multi-level
and multi-product distribution networks and financial management. Guillen et al. [25] present
a holistic optimisation approach by combining operating and financial aspects in a supply
chain. In the present work, the work of Guillen et al. [24] is taken as a reference framework to
model the financial evaluation. Gurning et al. [26] assess potential mitigation strategies
(inventory and sourcing mitigation, contingency rerouting, recovery planning and business
continuity planning) through a Markovian-based methodology.

3. DESCRIPTION OF THE SUPPLY CHAIN

The central axis of the complete chain is a firm that commercialises flowers. There are two
supplier types: a group of crop suppliers that provide the product according to variety and a
cardboard factory that supplies the firm commercialising flowers with boxes to pack the
product in. A transport company also forms part of the chain, which is in charge of
consolidating and managing loads, and of issuing the corresponding documents. There is also
a customs agency in charge of issuing the documents that have to be presented to customs.
Indirectly, there is an airline by which the product is sent to the customer’s destination (see
Fig. 4). Neither the loading firm nor the customs agency was taken into account in this work
as the transport company is not affected by any change in the interactions it has with the firm
that commercialises flowers, and because flow with the customs agency is of the information
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type and the documents it prepares do not represent major variations in supply chain
operations. Hence for the simulation consisting in representing the order management
process, only the suppliers (cardboard factory and 13 crop suppliers), the firm that
commercialises flowers and customers were considered (see Fig. 1).
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Figure 1: The SC structure to be simulated.

The firm commercialising flowers, referred to henceforth as FDLR, is a microenterprise
that sells and manages the international distribution of flowers from various crops. In order to
manage demand, a search is done and contact is made with customers. Attaining new
customers is done personally by offering the firm’s products and services. Two order types
are managed with both new and current customers: fixed orders, when a customer is
committed to buy X amount weekly with discount prices; non-fixed orders, which are
sporadic in nature. After orders arrive, the firm must contact the crop suppliers to verify
product availability for a given date. If the order is large, it is necessary to contact several
crop suppliers. FDLR must also contact the cardboard factory that supplies the boxes to pack
flowers. When an order has been accepted, the product order is sent to the crop supplier(s),
the order of boxes reaches the cardboard factory before the dispatching process is performed,
and qualified staff is subcontracted to check quality. After inspections, boxes are closed and
loaded onto refrigerated trucks. FDLR neither manages the inventory nor comes into physical
contact with the product, other than inspecting its quality.

The cardboard factory provides boxes to pack the product. Since this firm supplies boxes
to most crop suppliers, they send their own trucks to pick up the packing material they order,
and FDLR makes full use of this transport by informing the cardboard factory which crop
suppliers it must deliver boxes to. Likewise, the crop supplier is informed that it must pick up
packing material at the cardboard factory. In 50 % of orders, a truck needs contracting to pick
up boxes and to take them to the airport, where it must hand them over to the truck drivers of
other crop suppliers so they can deliver them to the respective crop supplier. This cardboard
factory has the capacity to supply FDLR with 180 boxes a day.

Presently, there are 13 crop suppliers. They can ensure a number of products depending
on their production capacity. So occasionally, FDLR must order products from different crop
suppliers to serve the same order. Each crop supplier has a price, a payment deadline, a
quality and different inventory availability. In addition, these suppliers are grouped according
to the type of flower grown. The data corresponding to each crop supplier are specified in
Table I.

FDLR agrees on the order with the crop supplier(s) by taking into account customer
requirements. So as the crop supplier counts on the packing material and products required, it
must pack the product and send it to the airport loading terminal to deliver orders to the
transport company. Before delivery, a quality inspection needs to be done, which is the only
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time that FDLR comes into physical contact with the product sent by a third subcontracted
party for inspection purposes. One of the suppliers is located in another city and it is among
the suppliers that supply more quantity. However, the product is sent directly to the transport
company to be consolidated with the rest of the order. This means that one part of the product
leaves with the crop already packed from the other city without being submitted to quality
inspection.

Table I: Suppliers data table.

Type of flower Number of | Available Unit Payment Quality

supplier flowers price ($) | deadline (days) (0-1)

1 4000 0.33 29 0.7

2 3890 0.24 6 0.85

3 4165 0.30 24 0.8

Suppliers of Roses 4 3700 0.32 L 0.9
5 3670 0.32 42 0.65

8 4500 0.20 22 0.7

9 3800 0.35 15 0.78

12 2978 0.46 10 0.78

Suppliers of Gypso 11 2649 0.20 1 0.7
13 4025 0.19 1 0.75

Suppliers of Calla 6 3950 0.38 44 0.8
Suppliers of Hydrangea 10 3523 0.59 41 0.75
Suppliers of Carnation 7 4120 0.18 1 0.85

The order management process starts when a non-fixed order arrives. FDLR does a
product availability search among the various crop suppliers, and it takes into account the
supplier’s past performance and the number of negotiations it has had with it. When the
search begins with the first supplier, its product availability is checked. If it has sufficient
inventory, the order is placed and the customer is notified. If this supplier’s inventory does
not suffice, a consolidated amount with the available inventory of this crop is inputted, and
the second supplier is evaluated. If it has sufficient inventory, the order is confirmed,
otherwise the consolidated amount available is re-inputted along with the sum of the available
crops evaluated. If this consolidated amount covers requirements, the order is confirmed; if
not, the next crop supplier is evaluated. If after evaluating all the crop suppliers the
consolidated amount does not cover the amount ordered by the customer, the customer is
asked if it is willing to accept the consolidated amount available. If the customer does not
accept these conditions, the order is withdrawn. If the customer accepts the consolidated
amount available, the new order is confirmed. After confirming the new order, the delivery
conditions are agreed on and this becomes a firm order to be passed to the order management
subprocess, where products are ordered from crop suppliers through a purchasing order.
Suppliers prepare the product in accordance with the purchasing order. If the product is
served by a supplier in another city, the product is dispatched with no FDLR box and no
quality inspection, which affects the image and quality of the product. These orders to a non-
local crop supplier are placed because it is the only supplier that distributes a given type of
product. No boxes are sent and no inspection is made because FDLR does not consolidate this
product, but assigns this task to the transport company. While the crop supplier prepares the
product, FDLR places an order of boxes with the cardboard factory. If the cardboard factory
does not have enough inventory to serve FDLR’s order, FDLR must invest more time in
searching for another supplier to substitute the one that has failed. The cardboard factory
prepares the boxes and delivers them to a transport company. This transport company can be
the crop supplier(s)’s own or one that FDLP contracts. If the crop supplier is unable to collect
boxes, FDLR must contract a transport company to transport the boxes to its crop supplier.
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When the boxes and product are available, the crop supplier prepares and places the product
inside the boxes ready for quality inspection, after which boxes are loaded onto a refrigerated
truck and are sent to the transport company.

4. SIMULATION MODEL

The firm commercialising flowers is a microenterprise with very limited economic and human
resources. Nevertheless, this market has much potential. For this reason, this microenterprise
wishes to make considerable progress to grow and become consolidated. Therefore, FDLR
needs to set up strategies to help it meet its objective; increasing the firm’s value by 300 %,
by reflected in its equity, in a 1-year time horizon. This task may prove considerable given the
investment it must make in general terms and with any of the more representative factors to
achieve it. It must avoid investing in factors that do not offer increased profits and that make
achieving its objective difficult at all costs. Therefore, the objective of simulation is to study
the order management process in general by considering the different scenarios that originate
from the proposals made by the firm.

In order to verify the model’s performance, four scenarios apart from the initial one were
designed, whose characteristics are presented in Table Il. Later a fifth scenario was designed
and created with the best results obtained in the simulation of the former scenarios. For these
initial scenarios, a suppliers order is used in accordance with both the trust deposited and the
past history of these firms.

Table I1: Simulation scenarios.

Initial | Scenario | Scenario | Scenario | Scenario | Scenario

scenario 1 2 3 4 5
Man hours/Attainment of 1 6 1 1 1 1
Customer
Price Fixed Orders ($) 0.38 0.38 0.36 0.38 0.38 0.38
Price Non-Fixed Orders ($) 0.41 0.41 0.41 0.50 0.41 0.50
Marketing Investment - - - - 10.00 10.00
Quality Staff 1 1 1 1 1 2

As from scenario 5, four additional scenarios are proposed by changing the supplier
selection order according to the four criteria set out in Table I11.

Table Il1: Supplier selection scenarios.

Scenario 5-1 | Sort suppliers by availability

Scenario 5-2 | Sort suppliers by price

Scenario 5-3 | Sort suppliers by long-term payments
Scenario 5-4 | Sort suppliers by higher product quality

To be able to construct the causal diagram, apart from modelling the chain structure, the
work by [22] was taken into account. The target function of the model in this work was to
maximise the firm’s equity. With this mathematical model, the necessary treasury
management model parts were extracted to help meet the objective of the present work, which
is similar to that proposed in the publication by [22].

The proposed model is made up of various submodels that perform the following tasks. In
relation to the order management model, the causal diagram created integrates, among others,
variables to determine: the number of Current customers, the amount of orders by Fixed
Orders and Non-fixed Orders, prices by Price of Fixed orders and Price of Non-fixed orders,
the number of Flowers to purchase, Man Hours/Order Management, Accounts Receivable of
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FDLR, Income of FDLR and Payment deadline of FDLR, to determine Quality of Product
(Quality Assurance, Quality of flowers, Quality Staff, etc.), Purchase Orders of boxes,
Available stock of boxes and Outputs of boxes, Service level of the cardboard factory,
Treasury Balance, Current Assets and the firm’s Equity. Fig. 2 represents the connections
among the factors of this model and its effects.
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Figure 2: Causal loop diagram. Order management model.

The causal diagram of the suppliers’ inventory management model integrates, among
others, the variables to model the following processes: quantity of Stock of Suppliers 1, 2,
etc., N, Supply from suppliers 1, 2, etc., N, Outputs of suppliers 1, 2, etc., N, Purchases from
local crop suppliers, Purchases from non-local crop suppliers and Suppliers per order. Fig. 3
depicts the connections among the factors of this model and their effects.
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Figure 3: Causal loop diagram. Supplier inventory model.

The causal diagram of the model to manage costs and payments includes, among others,
the variables for: Price of suppliers 1, 2, etc., N, Total costs of flowers, Flowers payments,
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Documentation costs (Costs of documentation opening and Shipping documentation costs),
Total costs of boxes, Cardboard Factory’s payment deadline, Labour costs, Labour
Payments, Treasury Balance, Transport pays, State net credit (defined by Loan and
Repayment), Line of credit, Monthly interest rate and Liabilities. Fig. 4 illustrates the
connections among the factors of this model and their effects.
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Figure 4: Causal diagram. Model of costs and payments.

Model validation is done by comparing the data obtained by the model with the data
obtained in reality. The employed verification variables were Current customers, Flowers to
purchase, Income of FDRL, Flowers Payments and Orders. With these data, the percentage of
error was obtained, which is shown in Table IV.

Table IV: The model validation results.

cﬁsuttr)rﬁgltfs Flowers to Income Flower Weekly
average purchase/year | FDLR/year ($) | pays/year ($) | orders
Model results 10.59446721 247,559.62 95,059.97 78,061.34 141
Real data of previous year 11 254,797.00 94,699.00 78,774.00 1.38
Percentage of difference 3.7% 2.8 % 0.4 % 0.9 % 2.0%

5. EVALUATION OF THE RESULTS

The simulation of the model was carried out with the Vensim® software. The initial set-up
parameters were established as follows: Start Time: 0; End Time: 365; and Time Unit: days.
Table V shows the input data, which varied for the evaluation of each scenario, as well as the
results obtained in the most relevant variables.

How Equity performed among the first five scenarios, in comparison to the simulation of
the initial scenario, is seen in Fig. 5. Despite Equity representing a positive status in the initial
simulation when the simulation period ended, it lowered from approximately period 60. This
descent was shown by the Treasury balance, which was affected by many factors. However,
the situation that seemed to have an effect was the combination between Income of FDLR and
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Labour Payments as Labour Payments were higher than income. Although income was
constant and payments were periodical, these payments affected the Treasury balance during
these periods as they hindered income from recovering this balance. This implies that income
is not high enough to properly use of economies of scale to cover payments.

Table V: Scenarios. Results.

- o~ [32) < [To) m
el e g g= f= S 35 | @ R ET| Y5
I o o o o o 0N © (Yo R T o BTl = n =
Input Data sg| 2| & | 8 g S | c3|c8|cET| c3
2o @ @ @ @ @ @ > o 90788 o 3
S|l 6| & | & & s | ol | s |ala] a2
Man hours/Attain. customer 1 6 1 1 1 6 6 6 6 6
Prices F of Fixed ($) 0.38| 0.38| 0.36 | 0.38 | 0.38 | 0.38 | 0.38 0.38 0.38 0.38
Prices F of non-Fixed ($) 041 041|041 ] 050| 0.41 | 050 | 050 | 0.50 0.50 0.50
Marketing Investment ($) - - - - 10.00 | 10.00 | 10.00 | 10.00 | 10.00 | 10.00
Quality Staff 1 1 1 1 1 2 2 2 2 2
Priority 1 3 3 3 3 3 3 8 5 5 4
Priority 2 8 8 8 8 8 8 3 8 1 2
Priority 3 4 4 4 4 4 4 1 1 3 3
© Roses Priority 4 5 5 5 5 5 5 2 2 8 9
3 Priority 5 1 1 1 1 1 1 9 12 9 12
g Priority 6 2 2 2 2 2 2 4 3 12 1
= Priority 7 9 9 9 9 9 9 5 9 2 8
=3 Priority 8 12 12 12 12 12 12 12 4 4 5
N GvDso Priority 1 11 11 11 11 11 11 13 13 13 13
yp Priority 2 13 13 13 13 13 13 11 11 11 11
Calla Priority 1 6 6 6 6 6 6 6 10 6 6
Priority 2 10 10 10 10 10 10 10 6 10 10
RESULTS
Equity ($) 4380 | 6959 | 1,600 | 11,394 | 5200 | 18,001 | 34,169 | 34,126 | 31,204 | (16,362)
Current assets($) 212 2,329 197 6,401 331 14,056 28,947 29,147 26,231 1,197
Fixed assets ($) 10,000 | 10,000 | 10,000 | 10,000 | 10,000 10,000 10,000 10,000 10,000 10,000
Liabilities ($) 832 370 3,596 7 131 1,055 (222) 22 27 22,559
Long-term Debt ($) 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000
Treasury balance ($) (61) 1,791 (64) 6,123 (144) 12,947 28,045 28,741 25,808 (499)
Line of Credit ($) 860 - 3,639 - - - - - - 21,058
Loan ($) 61 - 64 - 144 - - - - 499
Income FDLR ($)* 95,060 | 163,299 | 93,264 | 95,049 | 146,892 | 270,439 | 219,327 | 122,056 | 126,089 | 365,550
Labour Pays ($)* 9,029 19,899 9,088 8,580 14,585 29,796 24,191 15,263 15,716 42,607
Flower Pays ($)* 78,061 | 124,513 | 78,750 | 72,119 | 113,814 | 197,156 | 142,270 | 61,332 67,912 303,274
Man Hours/Order
Management** 6 11 6 5 10 19 14 8 8 30
Weekly Orders** 140 242 1.42 1.30 2.18 3.75 3.00 1.67 1.73 5.10
Customers** 10.60 18.26 10.20 11.70 16.42 33.67 27.30 15.00 15.60 45.70

Note: The values are those resulting during the last period simulated except (*) and (**).
(*): Accumulated values throughout the simulation horizon. (**): Average values of the entire simulation horizon.

In the simulation of Scenario 1, where the objective was to increase the customer
portfolio to boost the firm’s income, the average number of customers a year increased by
almost 80 %, which means that Man hours/Attainment of customers also rose. The comparison
made between this scenario with the initial one provided a better result in Equity, which rose
by approximately 36 %. However, no increase was constant, but remained stable as from
period 60.

Scenario 2 seeks to increase orders by lowering the purchasing price for fixed orders.
Despite reducing the variable Price Fixed orders, it did not considerably encourage more
orders, but actually lowered the firm’s income. Therefore, the performance of the firm’s
Equity diminished substantially. In this scenario, Assets did not compensate Liabilities, and by
the time half the period was simulated, the credit line rose, which means an even greater
increase in Liabilities.
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Scenario 3 intends to raise income by increasing the prices for non-fixed orders; that is,
Price Non-Fixed orders. This scenario increased the Equity value by 160 % at the end of the
simulated period, but the numbers obtained for income and customers were similar to what
they were before. This increase obtained in Equity by maintaining similar income levels
basically came about through the smaller number of weekly orders which, despite not being
apparently significant, had an impact on the costs and payments factors, which helped the
Treasury balance to significantly increase. Levels of income were similar to those in the
initial scenario and in Scenario 2, but slight increases during some periods were noted.
Furthermore at the end of the simulation period, various costs slightly lowered if compared to
the other scenarios. These slight increases in income, along with minor reductions in the
various costs or payments presented in the simulation of this scenario, helped not only
increase the Treasury balance, but also significantly increase Equity.
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Figure 5: Equity in the simulation of scenario 5.

Scenario 4 offers a slight increase of around 19 % for the evaluation objective, which was
far from meeting the objective, and even tended to lower. It exhibited similar performance to
that presented in Scenario 1 as it enabled the Current customers portfolio to increase.
However, obtained income did not cover the payments made as the periods elapsed.

The simulation of Scenario 5 intends to collect the data amended in previous scenarios,
which generated a positive result or a better one than the current Equity status. To simulate
this scenario, in this order the data considered in Scenarios 1, 3 and 4 were amended. Finally,
contracting extra personnel was considered to ensure quality and, accordingly, to avoid Lost
customers and Marketing investment or in Man hours/Attainment of customers. In this
scenario, the results improved substantially and the objective was met given the 310 %
increase in Equity. In this case, income made good use of economies of scale to face different
payments, as reflected by the Treasury balance levels. In general, this scenario considered
growth for all aspects by putting economies of scale to better use, which enabled the value
acquired by the firm to constantly grow. Next the performance of Equity among the four
previous scenarios (Scenario 5-1, Scenario 5-2, Scenario 5-3 and Scenario 5-4) is presented,
and was compared with the simulation of Scenario 5 (see Fig. 6).
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Scenario 5-1 of the flowers supplier selection, as of Scenario 5, provided an order of
priority according to each supplier’s product availability; in other words, the supplier that
could offer a larger quantity of weekly produce to the firm. This scenario shows a sharp rise
in Equity if compared with the initial scenario and Scenario 5, with increases of 680 % and
90 %, respectively. This was due to an increase in the firm’s Assets, but its Liabilities
remained at similar levels, or at lower ones than in Scenario 5. Nonetheless, this scenario
provided fewer generated orders because Quality of Product diminished due to the selected
suppliers not relying on better quality. Despite the reduction in generated orders, which was
not significant, the Man hours/Order Management reduced as the suppliers’ service level
became higher; thus, the time that must be invested in seeking more products was cut.
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Figure 6: Equity simulation of scenario 5-4.

If we were to begin with the simulation of Scenario 5 for Scenario 5-2, an order of
priority would be given to suppliers according to the price per flower offered to the firm. In
this scenario, we also noted a significant increase in Equity if compared to Scenario 5, which
was slightly lower than in Scenario 5-1. Yet this scenario had a smaller number of generated
orders. The difference was that, despite receiving fewer orders than in former scenarios,
Flowers Payments lowered. In this case, based on the order of priority in supplier selection,
orders were generated according to price; product availability was affected because top
priority was given to a supplier with worse product availability than other suppliers.

In Scenario 5-3, the order was determined according to the longer payment deadlines that
the suppliers offered. In this case, the reaction to the model was interesting because, despite
giving priority to the suppliers offering longer payment deadlines, 3 of the 4 first ones in this
priority order actually presented poorer product quality. For this reason, Equity during the
first half of the simulated period increased more than in the other scenarios thanks to lengthy
payment deadlines. However during the second half of the period, Equity started to drop
slightly below the levels of scenario 5-1 owing to slight, yet accumulated, customer losses
since Quality of Product maintained Liabilities at high levels. This gave rise to an abrupt rise
in Lost customers, orders and income at the end of the period. Scenarios 5-2 and 5-3
performed similarly. However, Scenario 5-2 provided better Equity because it had fewer
Liabilities thanks to products being acquiring at better prices.

If we were to begin with Scenario 5, Scenario 5-4 would be created by ordering the
suppliers according to product quality. This scenario’s performance was even more interesting
than the previous ones as it provided the worst result despite generating the largest number of
customers, orders and income. Not only did it generate the worst Equity of all ten scenarios,
but it presented a negative value. This situation can be explained by the fact that suppliers’
priority was established according to Quality of Product and product delivered, and the
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number of orders was much higher than in the other scenarios. Nevertheless, the two first
suppliers in the priority order according to quality offered the shortest payment deadlines, and
their available inventory levels were among the lowest. If we were to bear this in mind, as the
firm allowed a 10-day payment deadline to its customers, it would not immediately count on
the balance to pay its suppliers. So it had to constantly apply for loans to cover payments,
which were increased by personnel costs after increasing the time that the firm had to invest
because these suppliers had no available inventory, which is detrimental to service levels.

In short, both the simulation objective and the firm’s objective were accomplished by
modelling a supply chain and by reaching an Equity value of $34,169. If were to consider that
the current Equity value was $4,380, and that the objective of the model was to increase
Equity by 300 %, we could state that the objective was met thanks to the 680 % increase in
the Equity value.

The decisions to be made by the firm to meet its year-end objective should be those
established in Scenario 5-1. This implies the following: increasing the amount of man hours
by 9 hours per day to exclusively attain potential customers; putting up the sale price of its
products for non-fixed or regular orders by a value of $0.50 per flower; adopting a policy of
investing $10 per day in marketing to attain more customers; contracting the services of
another person for the Quality of Product inspection; and giving priority to purchasing from
those suppliers with a better available inventory of flowers.

6. CONCLUSIONS

The present work has modelled almost all the factors that affect the order management
process of a flower-exporting supply chain, and has left those factors that are difficult to
model to one side. Nonetheless, since the central organisation of the supply chain is a
microenterprise, called FDLR, we can state that all the factors which influence it do so to a
great extent because, given its size, it is more difficult for FDLR to react or to allocate
resources to mitigate any effect. Neither flows nor material inventories have been included
because it is assumed that FDLR manages an assembly to adopt the strategy where assembly
is done thanks to FDLR’s management. However, it never comes into physical contact with
raw materials, packaging or the end product. For this very special case, the only factors which
guarantee the order being fulfilled are quality inspection and the transport company’s
confirmation that the order has been sent. The considered scenarios contain factors that are
easy for the firm to amend and they represent options that have been previously proposed
within the firm. The main factors that affect the financial evaluation contemplated by [22]
have been successfully identified and applied, which enables a more direct estimation of the
firm’s value. If what the authors considered is not applied, the obtained result will differ when
evaluating other factors that do not reliably represent the firm’s value. Modelling has enabled
us to discover that not only the lowest price and quality are the most relevant factors for
supplier selection.

The majority of the literature on the aspects reviewed in this work consider the use of the
ABC approach the main method to truly identify the costs associated with the activities
included in a process, and reveal that it is increasingly important to know the true costs
associated with a product. Order management modelling that focuses on cutting costs or on
improving profits by considering the cost/profit ratio to reject or accept an order is of
widespread use. In general, decision making for the supplier selection problem relies on many
evaluation criteria such as price, quality, delivery, geographic location, etc. A good number of
works contemplate the use of fuzzy linear programming to deal with the supplier selection
problem. For financial evaluations, models which integrate production planning problems or
effects of operations and cash flow or financial effects are used.
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While this work was underway, several future research lines were identified:
(1) integrating other aspects or factors that may not have been detected to model the supply
chain’s operation; (2) integrating new supplier selection criteria, such as geographic location
or distance, financial position, placement in industry, attitude, etc., which can be easily
detected for this case; (3) contemplating a more exhaustive evaluation of the supplier
selection criteria which are given priority by not only one criterion, but also by a combination
of criteria. In this way, it may be possible to make full use of suppliers with good quality
levels for their products which, at the same time, have sufficient inventory available to offer
acceptable service levels; (4) extending the supplier selection consideration at the cardboard
factory level to increase the firm’s sales where more than one supplier of this product type is
required. New trends have appeared in the literature [25-29], such as sustainability, green
production planning, or production planning with carbon emissions; (5) considering the
model with the ABC approach to obtain a better product cost by separating the manpower,
transport and documentation costs, etc., for each product offered. In this way, the firm’s costs
can be better controlled.
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