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Abstract:

Purpose: The objective of  this research was to implement new inventory management in a footwear
company through the analysis of  indicators obtained from inventory data collection.

Design/methodology/approach: The ABC analysis methods, demand forecasting, safety stock, reorder
point,  and economic order quantity were applied. The items in inventory were classified by order of
economic importance through ABC analysis, and the proposed indicators were analyzed to determine the
moment the inventory replenishment should be carried out as well as the purchase lot size for each item.
The research also investigated the behavior  of  the  demand and pointed out  the demand forecasting
method that came closest to reality.

Findings: The study presents a method of  implementing inventory management based on indicators
derived from the application of  ABC curve methods,  demand forecasting,  safety stock,  re-fulfillment
point, and economic purchased lot. It also indicates how the ABC classification of  stocks can check the
most representative materials in stock. The study also highlights that the rejection of  modifications can be
surpassed by obtaining favorable results.

Research  limitations/implications: The  inventory  management  applied  in  this  work  is  based  on
indicators that resulted in two primary data that defined the size of  the purchased lot to be ordered and the
amount of  material needed. 

Practical implications: The methods of  ABC analysis, demand forecasting, safety stock, reorder point,
and economic order quantity were applied. The items in inventory were classified by order of  economic
importance through ABC analysis, and the proposed indicators were analyzed to determine the moment
the inventory replenishment should be carried out as well as the purchase lot size for each item. The
research also explored the behavior of  the demand and pointed out the demand forecasting method that
came closest to reality.

Originality/value: In  this  study,  a  method  applied  is  presented,  highlighting  the  methodological
application’s  importance  for  inventory  management  implementation.  The  study  contributes  to  the
encouragement  and  adoption  of  methodologies  to  improve  analysis  and  inventory  management  in
companies.
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1. Introduction
An adequate industrial arrangement and management tools and techniques are essential to provide agile service to
clients. And the inventory exerts a great influence in this matter, given that it is a complex sector, diverse and has
high financial value (Santos, Marques, Santos & Nóbrega, 2017).

Inventory management is a continuous and planned process that aims at organizing goods and materials according
to the company’s needs, ensuring an adequate supply, balancing supply and demand and avoiding overstock (Singh
& Verma, 2018).

Materials kept in inventory are needed with the primary objective of  meeting production orders or deliveries to
customers, with the effect of  reducing the cost of  undelivered or delayed orders and giving quick delivery response
(Foreest, Teunter & Syntetos, 2018).

Inventory management involves some dilemmas, some aspects exert pressure to keep a low inventory, such as cost
of  capital, storage, charges, insurance and losses, but also aspects that lean toward keeping a high inventory, such as
the cost of  ordering, of  transport, the reduction of  unnecessary setups and the better use of  labor resources
(Krajewski, Ritsman & Malhotra, 2009). According to Dadouchi and Agard (2018), inventory management is a
recurring industrial  problem,  and there are  a  few common alternatives  to these problems,  such as  increasing
inventory to protect  the company against  a lack of  goods or executing demand forecasting to anticipate the
company’s needs, maintaining an adequate stock of  materials. Also, Krajewski et al. (2009) explain that inventories
should be well managed because they mask production problems and, if  high, have a negative financial impact.

Rabenschlag and Arreal (2016) argue that a high inventory hides a lot of  waste in the production system, making
this waste invisible and increasing the production cost; however, they stress that the objective is not to have zero
stock, but to make it balanced, with no excess. 

Bean, Joubert and Luhandjula (2016) defend that there are difficulties in inventory management in environments
where the demand is uncertain. A commonly used technique to forecast the demand is to assume an uncertain
parameter and attribute its probability distribution as certain. However, the authors argue that a hybrid model would
be the most adequate in this scenario of  uncertainties, considering the environment’s variables.

Darom, Hishamuddin, H., Ramli and Nopiah (2018) show the consequences of  stockout points, in which stock
must be increased at  a certain risk,  varying according to the level  of  service requirements  demanded by the
customer. When there is a disruption in the stock supply, production stops, and the lost quantities have to be
compensated quickly, hurting sustainability. However, a balance between sustainability and recovery is possible, to
attenuate stockout events’ chances through a broad study of  the relevant parameters.

Applying management tools is essential to optimizing inventory, given that, according to Silva, Menezes, Silva and
Nunes (2016),  indicators  of  demand,  inventory  and  delivery  time  are  required  for  this  optimization.  These
indicators should follow the continuous review model when there is an oscillation of  demand, given that the
demand is a factor that directly impacts the system. The use of  computational resources to feed data, to follow up
information and to use it for decision making in inventory management is necessary due to the agility and efficiency
it provides, considering the need for immediate action in face of  the indicators (Tan & Karabati, 2013).

To manage inventory it is necessary to know what goods are needed for production, how long the delivery time of
suppliers is, how big the physical stock is, how many goods are still to be delivered, what safety stock/margin is
needed and when corrective or predictive actions are required (Lukinskiy & Lukinskiy, 2017). 
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It is necessary to emphasize the importance of  inventory management to a company. These are funds of  high
financial  value invested and must be well  managed to respond to demand quickly and without financial  loss,
systemically.  Since  according  to  Santos,  Martins,  Alves  and Moellmann (2009) requires  different  actions  and
philosophies  that  are  aligned  with  the  company’s  strategy  to  redirect  objectives  to  have  adequate  inventory
management.

However,  many companies  still  work  empirically  in  inventory,  since  they  do  not  use  technological  tools  and
management methods (Gianesi & Biazzi, 2011). And even those that use techniques, need to know very well the
behavior of  their demand to determine the appropriate calculation method for their scenario (Vago, Sousa, Melo,
Lara, Fagundes & Samapio, 2013).

This article presents the results of  a research that had the purpose of  implementing a stock management by
analyzing indicators derived from the inventory data pertinent to the inventory and tools and methods researched
that apply to the existing scenario.

2. Theoretical Framework
2.1 Demand Forecasting

Forecasting is  necessary in production management,  since many actions need time to take effect;  that is,  it  is
necessary to project the future to trigger decisions at the right time (Corrêa & Corrêa, 2009). To Dias (2008),
consumption forecasting is essential to the study of  inventories, because it informs which products are necessary, in
what amount and when; the author also argues that the basic characteristics of  demand forecasting are the starting
point of  planning, the accuracy of  the methods employed and the quality of  the hypotheses used.

The increasing number of  information updates and the constant demands of  customers create oscillations over
time, altering the products’ life cycle and making it harder and harder to predict consumption (Liuxin, Chen, Keblis
& Li, 2018). The fluctuation of  demand is seen as the great problem in inventory management, since any imprecise
forecast may have consequences in several aspects of  the supply chain (Dadouchi & Agard, 2018). Guerreiro, Cruz
and Pimentel (2016) show that in some smaller companies there is no specific sector to make market forecasts, so
the forecast ends up being carried out by the planning sector, which uses historical demand to project the future;
that is, they understand that forecasting is fundamental and the beginning of  a production planning.

To Corrêa and Corrêa (2009) there are two types of  demand: i) independent demand: it is the future demand for an
item that cannot be calculated and needs to be forecast. This type of  demand comes with random factors beyond
the planner’s control; ii) dependent demand: demand originated by some document generated by the planner as a
master plan. However, for the plan to be executed, the product’s structure needs to have the goods necessary to
construct the finished product.  According to Moreira  (2009),  the dependent  demand is  usually  used for raw
materials; in this case, the purchase of  materials is linked to a production plan. Its demand may fluctuate abruptly.
On the other hand, with independent demand, the purchase is not tied to a production plan and has a more
constant flow.

To calculate the demand forecast with the concept of  simple moving average, we calculate the average of  the last
three periods (MM3), four periods (MM4) or more (Corrêa & Corrêa, 2009), as shown in Equation (1):

(1)

n represents the periods.

The calculation of  demand forecast by weighted moving average assumes different weights for each period, giving
greater importance to the most recent one (Corrêa & Corrêa, 2009), as shows Equation (2): 

Weighted Moving Average = (0.2 · x) + (0.3 · y) + (0.5 · z) (2)

x represents the third last period
y is the second last
z is the last period.
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The forecast by moving average with exponential smoothing considers the average of  the last periods adjusted to
the difference of  forecast of  the last period (Martins & Laugeni, 2005). See Equation (3):

Pt = Pt-1 + a(Ct-1 – Pt-1) (3)

Pt current forecast
Pt-1 previous forecast
Ct-1 real consumption in the previous period
a moothing constant (which usually sits between 0,1 and 0,3).

According to Moreira (2009), some measures can be used to select the most adequate demand forecasting method,
such as Mean Absolute Deviation (MAD) and Mean Squared Error (MSE), as shown in Equations (4), (5) and (6):

Error = Forecast value – actual value (4)

(5)

(6)

According to Wanke (2011), MAD is commonly used to evaluate errors originated from forecasting methods and to
define which one is the most appropriate for the planning of  the future demand. 

To validate the demand forecasting method, a survey of  the procedures addressed by the authors researched in the
methodology section of  this work occurred. The three most cited methods were selected, as presented in Table 1.

Methods

Authors

Corrêa and
Corrêa (2009)

Martins and
Laugeni (2005)

Tubino
(2009)

Moreira
(2009)

Wanke
(2011) Total

Simple moving average X X X X X 5

Weighted moving average X X X X X 5

Moving average with exponential smoothing X X X X – 4

Linear regression – X X X – 3

Double exponential smoothing – X X – – 2

Seasonal smoothing for data with a trend – X X – – 2

Seasonal smoothing of  linear trends – X X – – 2

Moving average with 2nd order exponential 
smoothing

– – – X – 1

Seasonal smoothing without trend – X – - – 1

Regression with exponential function – – – X – 1

Regression with parabolic function – – – X – 1

Multiple linear regression – – – X – 1

Trend and cycle smoothing X – – – – 1

Table 1. Survey of  demand forecasting methods
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2.2. ABC Classification of  Inventories

The ABC classification is an inventory management auxiliary tool that assumes that few items are responsible for
most of  the problems of  a production system or for most demands that need to be met (Tubino, 2009). According
to Geronimo, Mesquita, Ferreira, Pereira and Cutrim (2017), ABC analysis can separate inventory items by financial
classification, hence being capable of  directing actions toward goods that have greater representativeness and that
will, therefore, bring better results, focusing actions on fewer items. To Isoppo, Almeida and Pacheco (2015), a
major mistake in management is to apply the same treatment to all inventory items; the items have to be classified
according to their relevance and be handled differently, following their characteristics.

2.3. Safety Stock

Consumption forecast is fraught with uncertainties because it projects the future based on the past and there may
be delays in the suppliers’ delivery times. To take these variables into account and attenuate them in the forecasting
process, the safety stock system is adopted (Wanke, 2011). According to Corrêa and Corrêa (2009), the safety stock
is given by Equation (7):

(7)

Eseg safety stock
SF safety factor (function of  the level of  service intended)
σ standard deviation
LT restock time
PP periodicity which the standard deviation refers to.

Martins and Laugeni (2005) define the safety stock equation according to Equation (8), not considering periodicity. 

(8)

However, Martins and Laugeni (2005) associate the level of  service to the material’s ABC classification, so that the
items in Class A have a lower service level than the ones in Class B, and Class B has a lower level than Class C, as
shown in Table 2.

Item class A B C

Minimum service level 70% 80% 90%

Minimum Z value 0.53 0.84 1.28

Maximum service level 80% 90% 95%

Maximum Z value 0.84 1.28 1.65

Table 2. Service level (Martins & Laugeni, 2005)

Corrêa and Corrêa (2009) consider the periodicity concerning the standard deviation, which is prudent considering
the oscillation of  the material’s demand. And Martins and Laugeni (2005) add the table of  service level specific to
each inventory class.

2.4. Reorder Point

The reorder point or point of  order defines when the purchase order should be placed, given it is the moment in
which the material must be ordered so that it arrives at the right time, considering the variables of  restock time and
safety stock (Corrêa and Corrêa, 2009). The reorder point system is illustrated in Figure 1, with a constant demand
simulation.
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Figure 1. Reorder point (Wanke, 2011)

Martins and Laugeni (2005) define the reorder point calculation to define the ideal moment to generate a purchase,
as shown in Equation (9): 

(9)

R reorder point
D average demand.

2.5 Economic Order Quantity

The economic order quantity has the objective of  minimizing total costs by weighing the costs of  ordering with the
cost of  keeping the material in stock, determining the ideal situation (Wanke, 2011). Martins and Laugeni (2005)
define the economic order quantity according to Equation (10):

(10)

EOQ economic order quantity
Cp cost of  placing an order
D demand for the item in the period considered
Cc unit cost of  the ordered material
J represents the interest rate in the period.

3. Materials and Methods
3.1. Research Application Scenario

The study was developed in the injection molding sector of  a footwear company in Vale do Paranhana, Rio Grande
do Sul, with an average production of  8,000 pairs a day and around 1,000 direct employees. The company was
founded in 1998, operating in the production of  women’s shoes. The company has a branch where all the injected
items are produced, such as sole, heels, top piece and insole, for which the main materials are: ABS (acrylonitrile
butadiene styrene), PVC (polyvinyl chloride), PU (polyurethane), TR (thermoplastic rubber), TPU (thermoplastic
polyurethane) and Microgel. The purchases had no technological method. The goods needed to produce injected
parts  were  bought  empirically,  without  any  basis  on  the  programmed  necessities  or  the  production  history,
generating high and obsolete inventory. Despite that, there was still the need to pause production due to the lack of
a needed good. Currently the inventory of  the sector of  injection moulding has 130 items provided by a range of
13 suppliers. Of  this total, 50 items are obsolete and not used because their life cycle is over, being poor purchasing
management. 

3.2. Methodological Procedures

The methodology used, regarding the procedures, was of  case study. The work began with the definition of  the
research problem, the scenario and the sample. Subsequently, we worked on the stratification of  the data, which
required creating a database of  the company’s system, so that the full history of  purchases and sale of  material is
registered and updated in real time. 
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The inventory management applied in this work was based on indicators that resulted in two main measures: the
definition of  the size of  the purchase lot to be executed and the amount of  material to be ordered. To reach these
main  indicators,  it  was  necessary  to  survey  other  measurable  variables,  such as:  i)  demand forecast;  ii)  ABC
classification; iii) safety stock; iv) reorder point; and v) economic order quantity. The chronological sequence of
application was based on the studies of  Corrêa and Corrêa (2009), Tubino (2009), Moreira (2009), Martins and
Laugeni (2005) and Wanke (2011), as shown in Figure 2.

Figure 2. Diagram of  the methods applied in the study

The ABC curve was applied to the materials in inventory to identify the most relevant items. With the classification
of  the items with the ABC analysis, it  was identified that while class A represented only 7% of  the items in
inventory, it also represented 71% of  the average monthly consumption value, and that in class C, which had 83%
of  the items in inventory, represented only 10% of  the consumption value, as shown in Figure 3.

Figure 3. Inventory categorization

ABC analysis shows that few items represent the largest financial value and define the higher importance of  class A
in inventory adjustment  and control.  It  clarifies that  the optimized actions  and inventory of  these items will
represent a lower financial investment employed in inventory management. Figure 4 shows the ABC curve with the
representativeness of  the items in inventory and their classes.

Figure 4. ABC curve
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In the following stage, the demand for class A items in 2017 was analyzed. The year 2017 is not part of  the period
studied in this work; however, the company had the data, so we used it as an initial step to analyze the demand, to
calculate the standard deviation of  demand and evaluate the possible incidence of  seasonal or cyclical demand, as
shown in Figure 5.

Figure 5. Demand for class A items

Although some materials had sharper oscillations in the period, we used the concept of  independent demand and
the calculation of  moving average of  three periods, which is the average of  the real demand of  the last three
periods  projected  to  forecast  the  future  demand.  The  moving  average  method  was  selected  because  of  its
simplicity;  however, along the work other methods will  be simulated to identify the most appropriate for the
scenario studied. The calculation of  demand forecast was executed for all the goods in inventory. Table 3 shows the
data on the demand forecast for class A items based on the data collected in the last month of  research, May 2018,
therefore forecasting the demand for June 2018.

Material U.M.
Real demand

(March)
Real demand

(April)
Real demand

(May)
Demand forecast 
for June (MM3)

Virgin ABS resin kg 8450 4000 4750 5733

Expansor soft kg 464 290 377 377

Black ABS resin kg 4450 3900 4350 4233

Palmimax w/ EVA m² 1105 2518 574 1399

Palmimax m² 3650 2200 2300 2717

Black superflex resin kg 5641 3275 2216 3711

TPU kg 1050 800 925 925

Tan microflex resin kg 3100 2350 3624 3025

TR composite kg 1260 665 1005 977

Recycled PVC resin kg 2800 1850 0 1550

Table 3. Demand forecast
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The application of  the calculation used to obtain the data presented in Table 2 is shown in Equation (11).

(11)

Subsequently, we gathered data about the suppliers available for each material in inventory, their time of  delivery
and their minimum order quantity. Table 4 shows the data for class A.

Material
Time of  delivery

(Days)
Time of  delivery

(Months)
Minimum

lot

Virgin ABS resin 10 0.45 25 kg

Expansor soft 15 0.68 150 kg

Black ABS resin 10 0.45 25 kg

Palmimax w/ EVA 15 0.68 50 m²

Palmimax 15 0.68 50 m²

Black superflex resin 10 0.45 25 kg

TPU 5 0.23 25 kg

Tan microflex resin 10 0.45 25 kg

TR composite 10 0.45 20 kg

Recycled PVC resin - black 10 0.45 25 kg

Table 4. Time of  delivery and minimum order quantity

To calculate the safety stock, we used the Equation (7), , because it considers the periodicity of  the

standard  deviation  and,  given  that  the  standard  deviation  was  obtained  from twelve  months,  it  reduces  the
uncertainty due to the longer period of  analysis. However, a service level of  80% was used for class A, 90% for
class B and 95% for class C, to execute different actions for each ABC curve class. Table 5 shows the safety stocks
of  the class A items. 

Material U.M.
Monthly cons.

(U.M.)
Service

level

Service
factor
(FS)

Standard
deviation
(U.M.) (σ)

Restock time
(months)

(LT) 

Safety
stock

(U.M.) 

Virgin ABS resin kg 5733 80% 0.84 1364 0.45 223

Expansor soft kg 377 80% 0.84 253 0.68 51

Black ABS resin kg 4233 80% 0.84 3075 0.45 503

Palmimax w/ EVA m² 1399 80% 0.84 927 0.68 186

Palmimax m² 2717 80% 0.84 1122 0.68 225

Black superflex resin kg 3711 80% 0.84 801 0.45 131

TPU kg 925 80% 0.84 394 0.23 46

Tan microflex resin kg 3025 80% 0.84 1142 0.45 187

TR composite kg 977 80% 0.84 1091 0.45 178

Black PVC resin kg 1550 80% 0.84 3474 0.45 568

Table 5. Safety stock
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Equation 12 presents the application of  the calculation used to obtain the data shown in Table 5.

(12)

However, the service levels used must be adequate for each scenario, with a systemic evaluation of  the company as
a whole, since it is a value that directly impacts the possibility of  there being production stoppages due to lack of
inventory items, therefore also being a factor for overstocking. It is, thus, an extremely important decision that may
not apply to other scenarios with different inventory variables.

With the data on demand forecast, suppliers’ time of  delivery and safety stock, it was possible to define the reorder
point, which is the indicator that shows the exact moment to execute a purchase order. The reorder point must
calculate  the  product  in  demand with  the  restock  time,  added to the  safety  stock,  as  shown in Equation 9,

. However, it is important to emphasize that the reorder point needs to consider the physical inventory
plus the amount of  goods bought and not delivered. A second purchase order can be placed before the first one is
delivered. Table 6 shows the reorder point for class A items.

Material U.M.

Monthly consumption
(U.M.)

(D)

 Time of  delivery
(months)

(LT) 

Safety stock
(U.M.)
(ES) 

Reorder point
(U.M.)

(R) 

Virgin ABS resin kg 5733 0.45 223 2803

Expansor soft kg 377 0.68 51 307

Black ABS resin kg 4233 0.45 503 2408

Palmimax w/ EVA m² 1399 0.68 186 1137

Palmimax m² 2717 0.68 225 2073

Black superflex resin kg 3711 0.45 131 1801

TPU kg 925 0.23 46 259

Tan microflex resin kg 3025 0.45 187 1548

TR composite kg 977 0.45 178 618

Recycled PVC resin - black kg 1550 0.45 568 1266

Table 6. Reorder point

Equation 13 shows the application of  the calculation used to obtain the data presented in Table 6. 

(13)

After defining the moment to order a purchased lot, we delimited the size of  the purchased lot according to the

concept of  economic order quantity used in Equation 10  used to build Table 5. For the definition of

the purchase lot, we weighted the ordering costs and the costs of  maintaining inventory. That calculation was
executed for each item and rounded up to suit the minimum lot size required by suppliers. The ordering cost was
originated from the cost of  one work hour, which is the average time needed to place a purchase order and receive
the material. The interest rate applied used the value 0.06%, which is the average yield of  savings accounts. Table 7
has the data regarding the purchase lot size of  class A items.
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Material U.M.

Monthly
consumption

(U.M.)
(D)

Ordering
cost 
(Cp)

Unit cost
(Cc)

Interest
rate

applied

Minimum
purchase 

lot 
(U.M.)

EOQ
(U.M.) 

Amount
needed
(U.M.) 

Virgin ABS resin kg 5733 R$10.00 R$9.10 0.6% 25 1449 1450

Expansor soft kg 377 R$10.00 R$101.63 0.6% 150 111 150

Black ABS resin kg 4233 R$10.00 R$4.12 0.6% 25 1850 1850

Palmimax w/ EVA m² 1399 R$10.00 R$11.18 0.6% 50 646 650

Palmimax m² 2717 R$10.00 R$5.43 0.6% 50 1292 1300

Black superflex resin kg 3711 R$10.00 R$3.61 0.6% 25 1851 1850

TPU kg 925 R$10.00 R$14.17 0.6% 25 466 475

Tan microflex resin kg 3025 R$10.00 R$3.89 0.6% 25 1610 1600

Table 7. Purchase lot size

Equation 14 has the application of  the calculation used to obtain the data shown in Table 7.

(14)

With the definition of  all  indicators,  we created a table crossing the calculations,  which was inserted into an
electronic spreadsheet. The updated data about the demand are imported directly from the system that registers the
entries and exits of  goods. In addition to the indicators, the amount of  material pending delivery was added to be
considered at the reorder point, as shown in Table 8.

U.M.

Monthly
consumption

(U.M.)
Inventory

(U.M)

Stock to be
delivered
(U.M.)

Time of
delivery

(Months)

Safety
stock

(U.M.)

Reorder
point

(U.M.)

Days
before

purchase

Amount
needed
(U.M.)

Minimum
purchase
lot (U.M.)

EOQ
(U.M.)

Virgin ABS resin kg 5733 1225 3000 0.45 223 2803 5 1450 25 1449

Expansor soft kg 377 347 450 0.68 51 307 29 150 150 111

Black ABS resin kg 4233 1300 3000 0.45 503 2408 10 1850 25 1850

Palmimax w/ 
EVA m² 1399 7970 0 0.68 186 1137 107 650 50 646

Palmimax m² 2717 5300 0 0.68 225 2073 26 1300 50 1292

Black superflex 
resin

kg 3711 2475 4000 0.45 131 1801 28 1850 25 1851

TPU kg 925 575 0 0.23 46 259 8 475 25 466

Tan microflex 
resin kg 3025 225 3000 0.45 187 1548 12 1600 25 1610

TR composite kg 977 840 0 0.45 178 618 5 580 20 582

Recycled PVC 
resin - black

kg 1550 2500 0 0.45 568 1266 18 1000 25 990

Table 8. Indicators

The reorder point was transformed into days left before purchase, to facilitate its comprehension and schedule the
next purchase. This indicator results from the difference between the reorder point and the sum of  the physical
stock with the stock being transported, divided by the average daily consumption, as shows Equation (15):
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(15)

DFC days left before purchas
PR reorder point
EF amount of  physical stock
ET stock being transported (bought and not yet delivered)
CD average daily consumption.

The missing day’s indicator is essential to identify if  you are close to making a new purchase. This highlights the
critical items that must be purchased with priority to respect the delivery time of  the material so that it is available at
the exact moment of  need.

The column that indicates the days left before placing a new purchase order was formatted according to the logic
of  traffic lights: the color red meaning that the purchase date is close, and green meaning that it is still far away. The
objective is to signal clearly which materials need to be bought shortly.

The table created in the electronic spreadsheet has automated data feed to expose the indicators for a more efficient
inventory management. Still, it does not affect any change in the system, being simply a signaling tool. As a result
of  this automated feed, the system is continuously being reviewed. Any changes in the scenario, such as an increase
in consumption or delivery delay, will be shown in the indicators, which are updated in real time to take on time.
The period of  data collection was also used to evaluate a more adequate method for demand forecasting. Although
the calculation of  the moving average of  three periods was used, it was also calculated in other methods studied, in
class A, to evaluate the most appropriate method for the studied demand.

4. Results Analysis
After  applying  the  proposed  methodology  and  using  the  table  of  indicators  as  determinants  for  inventory
maintenance actions, the alterations and results found in comparing the previous scenario with the progression of
the scenario existent after the application were assessed. Figure 6 presents a reduction of  48% in the total inventory
value when comparing December 2017 with May 2018, representing a reduction of  R$ 386,614.74. Figure 6 also
shows the demand per period, proving that the inventory reduction is not an effect of  a demand reduction.

Figure 6. Total inventory value and demand

The reduction in inventory value was distributed by class, as shown in Figure 7. We can see that 85% of  the
reduction happened with class A materials, 20% with class B, and class C increased the inventory value in 6%.
Hence,  with  the  application of  ABC analysis,  it  was  possible  to have a  better  fitted inventory  for  the  most
financially representative class and a higher inventory for class C, which is less representative financially, according
to Tubino (2009).
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Figure 7. Inventory reduction by class

In class A, there was the most significant reduction in stock compared to the previous scenario and after the
application of  the methodology. The deduction results in a difference of  R$ 330,219.02 since it is in class A that the
most financially representative items are.

The results achieved in class A were further detailed by material, to identify the individual behavior of  each item. As
shown in Figure 8, the material “palmimax” had the largest reduction: R$ 92,444.60, representing 24% of  the total
reduction. With the reduction of  the values spent on this material, we can see how important the use of  indicators
is in the analysis and inventory decision-making. Given that the initial inventory occupied 12.469 m², while the
average monthly consumption is 3.912 m² and the supplier’s time of  delivery is of  only 3 weeks, consolidating the
application point method exposed by Martins and Laugeni (2005). But exposing the exaggeration of  stock and
safety margins and the lack of  knowledge of  the demand in the previous scenario.

Figure 8. Class A inventory reduction

The Figure 8 also shows that the reduction of  the materials’ inventory value was not proportional for every item;
similarly, the previous inventory was not excessive for every item, and the black superflex resin even presented an
increase in its inventory number in the second scenario, with an addition of  R$ 3,458.42

After selecting the methods of  demand forecasting, we executed the simulations and compared the forecasted and
actual numbers of  the demand. That made it possible for us to assess that the weighted average came closer to the
demand’s actual behavior, varying 25% compared to it. In comparison, the moving and exponential averages varied
34% and 46%, respectively, as shown in Table 9.
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Method>
Moving average 

(Eq. 1)
Weighted 

(Eq. 2)
Exponential 

(Eq. 3)

Material U.M.
Real

demand
MAD 
(Eq. 5)

In relation
to demand

(%)
MAD 
(Eq. 5)

In relation
to demand

(%)
MAD 
(Eq. 5)

In relation
to demand

(%)

Virgin ABS resin kg 6133 1401 23 976 16 1806 29

Expansor soft kg 439 95 22 68 16 142 32

Black ABS resin kg 6506 1668 26 1193 18 2667 41

Palmimax w/ EVA m² 1220 734 60 567 46 1014 83

Palmimax m² 3912 747 19 547 14 1133 29

Black superflex resin kg 3084 1606 52 1123 36 2368 77

TPU kg 1061 246 23 178 17 263 25

Tan microflex resin kg 2789 868 31 621 22 1090 39

TR composite kg 1376 644 47 471 34 699 51

Recycled PVC resin - black kg 1728 622 36 470 27 959 55

Av, -> 34 25 46

Table 9. Comparison of  the methods of  demand forecasting

It is important to point out that the method used to reach these results was specific to this scenario’s conditions,
with its variables of  service level, demand oscillation and range of  items. Furthermore, this same scenario may
present demand oscillations that require a revision of  the method. Hence, an ongoing assessment of  the method is
necessary. The higher the standard deviation is compared to the average, the greater the possibility of  there being
stockout events, given that the uncertainty regarding the demand is greater, which may lead to production stops.

Although the characteristics of  price and quality of  inputs have significant importance in the purchasing process,
according to  Endo, Cerqueira, Silva, Nery & Kawamoto-Junior (2017), this work did not consider these aspects
because they are consolidated items already defined.

The  results  were  satisfactory  if  we  compare  to  the  previous  scenario  that  there  was  neither  a  standardized
procedure nor inventory management information. However, it is still far from a system aligned with what is most
current in supply chain management 4.0, which according to  Frazzon, Rodriguez, Pereira, Pires  end Uhlmann
(2019) is the use of  technology capable of  exchanging information in real time with suppliers. This system can react
to the movements and take action of  its own, evolving processes in an automated way with full integration.

5. Conclusion

This paper presents the results of  an applied research that had the objective of  implementing an indicators-based
inventory management in the sector of  injection moulding of  a footwear company. The indicators were generated
from applying the methods of  ABC analysis, demand forecasting, safety stock, reorder point and economic order
quantity. The inventory items were classified according to their financial relevance, and the indicators were used to
determine the right moment to restock and the right amount for each item. 

The analysis revealed that the amount of  some materials kept in inventory was not compatible with their demand.
The demand was not being projected, generating the excess of  some items and shortage of  others.

With the ABC analysis of  the inventory, we were able to single out the most relevant materials and prioritize their
monitoring and use. The demand forecast was generated with basis on the sector’s consumption history, and with
that it was possible to calculate the safety stock, the reorder point and the economic order quantity. 

During the development and conclusion of  the research, it became apparent how important and necessary it is to
use applied methods, for they made it possible to analyze and manage inventory based on the indicators, and, as a
result, there was a reduction of  48% in the value of  inventory, representing a reduction of  R$ 386,614.74.
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During the study’s application, there was a natural rejection of  the team due to the changes in the work routine, and
many times there was fear of  purchasing items under the uncertainty of  there being a stockout. However, as the
results started showing without stockout incidences, the team understood the importance and strength of  the
proposed method. 

For future works, we suggest improving the indicators, given that there are still gaps for some materials that could
have their inventory values reduced. Another matter to be considered is the study of  suppliers and the reduction of
their delivery time, given that this work simply used the delivery times of  existing suppliers, with no suggestions on
how to reduce this wait nor to look for new suppliers. 

A study of  the obsolete items in inventory can also be executed in a future work, as they accounted for 38.5% of
the inventory items. A new purpose for these items can further improve the results.
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