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Abstract 
In an industry, increasingly saturated and competitive, as companies have an obligation to 

evolve, making all operations more efficient, and thus making their business profitable. With a 

constant rise in the price of tax charges, maintenance (electricity), coupled with product 

acquisition costs, adequate inventory levels according to reais (product, quantity, location), it is 

a really important activity to meet unnecessary expenses, and it is one of the areas in which the 

industry is able to improve profitability. Excess stocks directly affect the Savoy Signature, 

negatively influencing investment in other sectors due to the “money stopped” in the warehouse. 

Another fundamental aspect is to understand the quality issue. Based on the literature review, a 

proposal for a methodology composed of five phases was constructed. Initially a collection and 

processing of historical sales data was carried out, followed by the classification of stocks 

according to demand. The third phase consists of forecasting demand, in which the Simple 

Exponential Smoothing, Holt-Winters Model and Machine Learning Techniques were applied. 

The fourth phase, according to the previous results, consists of the stock management policies, 

the Continuous Review Policy and the Periodic Review Policy, and the Economic Order 

Quantity. Finally, the continuous improvement methodologies, Kaizen and Lean Thinking, are 

adopted. It was concluded that it is not feasible to forecast demand using the Holt-Winters 

Model due to the lack of seasonality in demand. In this way, the Simple Exponential Smoothing 

is better suited for this case, however the Machine Learning Techniques manages to transpose 

the previous model, and even improve it with the addition of variables to the system. As a 

consequence of this phase, the stock management policy that best serves the needs is the 

Periodic Review Policy. Finally, despite the satisfactory results, the introduction of continuous 

improvement methodologies contributes insofar as they manage to improve tasks and 

procedures that directly or indirectly influence stock management. 

Keywords: Stock Management, Stock Classification, Demand Forecasting, Stock 

Management Policies, Continuous Improvement 
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1. Introduction 

The hotel industry over the past few years 

has seen great growth, being an important 

sector for the economy and with an impact 

on the environment. Through this constant 

growth, this industry, according to data 

collected by INE in 2018, contributes 13.7% 

of the national GDP, corresponding to 26.7 

billion euros. 

Derived from various external factors, world 

tourism sought other markets, and Portugal 

as a result of this same demand has grown 

exponentially in recent years. Allied to the 

increase in demand, competitiveness has 

also grown, demanding higher quality for 

customers, without ever discouraging the 

economic and environmental components. 

These impacts are even more important 

because the hotel group is located in a 

region with a great tourist tradition, and this 

is an industry with a great economic and 

social weight for the Região Autónoma da 

Madeira (RAM). 

The performances imply consequences 

both in the sector and in the Region, which 

are quite profound, ranging from the wealth 

generation capacity of the tourism sector, to 

the very value generation model that the 

sector had to adopt to accommodate the 

new market conditions, Costa et al (2010). 

The need for transformation comes from 

the conditions of the Region, and from the 

conditions in the global tourist market, with 

the emergence of new destinations, namely 

in the Atlantic and in the Mediterranean 

basin, which have resulted in new 

opportunities for the sending markets. 

Savoy Signature is a hotel group, belonging 

to the AFA Group that develops its activity 

in the Autonomous Region of Madeira, and 

currently owns three 5-star hotels, two 4-

star hotels and one under construction. 

The unit's objective is to develop a 

stock management policy that improves 

its inventory levels and responds to 

your needs. 

Considering that the project focuses on 

the development of a stock 

management policy with the aim of 

reducing costs, it is divided into two 

components: i) first, reducing the levels 

of inventory; ii) second, to reduce the 

energy costs associated with the use of 

refrigeration machines. In order to 

achieve the proposed objective, it is 

necessary to create a management 

model. 

2. Research Background 

The purchase and replenishment 

activities of refrigerated machines are 

important for a successful stock 

management. Thus, replenishing stocks 

not only allows you to manage stocks, 

but also reduces the costs associated 

with energy expenditure. 

The management model to be adopted 

in the hotel unit cannot only focus on 

decreasing stocks at the expense of 

decreasing the level of service. As it is 

a 5-star unit, it is necessary to maintain 

a high level of service, while at the 

same time finding solutions to reduce 

the associated costs. 

The necessary bases for a correct 

management are: Stock Classification, 

Demand Forecasting, Stock 

Management Policies and Continuous 

Improvement Methodologies. Each of 

these bases is an important foundation 

that, although it can be executed 

separately, the great advantage is the 

execution of them together. 
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The literature on stock management is vast, 

always having a common starting point, the 

classification of stocks. To this end, the 

departments that control stocks aim to keep 

stocks within certain limits so that there are 

no disruptions and simultaneously limit 

ownership costs, Michalski, (2008); Elsayed 

& Wahba, (2013). 

2.1. Stock Classification 

The model found to achieve a correct 

classification of stocks was the ABC 

Classification, known as Pareto's Law. It 

can be seen that a small margin of products 

(20%) has a large contribution (80%). The 

articles are divided into three classes (A, B 

and C), where class A represents 80% of 

the total value with only 20% of articles, 

class B represents 15% of the total value 

with 30% of articles and class C represents 

5% of the total value with 50% of the 

articles. Although other authors defend 

other values for each of the classes, there 

is always an order to consider when 

carrying out the ABC Classification (Barbieri 

& Machline, 2009). 

2.2. Demand Forecasting 

A wide range of articles makes precise 

management difficult, with each article 

having its own characteristics, and having 

different procedures. An inventory forecast, 

which provides information on the level of 

future needs, is an important tool for 

obtaining greater value against real values, 

using a history of accumulated demand 

data in relation to that data with an 

extrapolation from the past to the present 

Chase et al. (2006), reducing the deviations 

between stock and consumption. 

There are different forecasting models, and 

among those studied, Simple Exponential 

Smoothing and Holt-Winters, the main 

difference is the seasonality of the 

second face to the first. In the first case, 

it is possible to observe that a new 

forecast is resumed in the previous 

forecast only with error adjustment that 

occurred in the last forecast, according 

to equation 1: 

𝐹𝑡+1 = 𝐹𝑡 + 𝛼(𝑌𝑡 − 𝐹𝑡)          (1) 

Where 𝐹𝑡+1 is a forecast from period 𝑡 +

1 to calculate, 𝑌𝑡 is the actual current 

value of the sample, 𝐹𝑡 is a previous 

forecast, in the same period as 𝑌𝑡, and 

(𝑌𝑡 − 𝐹𝑡) indicates or error of the 

forecast . The value of 𝛼 is found 

through smoothing parameters, and is 

comprised between 0 and 1. The values 

of are important because they will 

adjust the data weights, making them 

very small and close to 0, or adjusting 

the error is minimal or null and the data 

weights are almost uniform, and on the 

contrary, when the next 1 of the weights 

decreases, causing only the most 

recent values to be influenced by the 

forecast result (Yapar, 2018). 

For the Holt-Winters model, three 

smoothing equations are required: one 

for the level (𝑛𝑡), one for the trend (𝑏𝑡) 

and one for the seasonality (𝑆𝑡) (Ferbar 

&, Strmčnik, 2016). 

- α is the number of periods between 

the last known 𝐿𝑡 value and the period 

for which the Forecast is made; 

- β is the Trend's damping constant (𝑏𝑡); 

- γ the Seasonality damping constant 

(𝑆𝑡), 

these values being restricted to the 

range [0: 1]. 
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Also, from this model, it is possible to divide 

it into two different models, additive or 

multiplicative. The most used model is the 

multiplicative model, and four equations are 

needed to describe it: 

Level: 𝐿𝑡 = 𝛼 (
𝑌𝑡

𝑆𝑡−𝑠
) + (1 − 𝛼)(𝐿𝑡−1 + 𝑏𝑡−1)      (2) 

Trend: 𝑏𝑡 = 𝛽(𝐿𝑡 − 𝐿𝑡−1) + (1 − 𝛽)𝑏𝑡−1           (3) 

Seasonality: 𝑆𝑡 = 𝛾 (
𝑌𝑡

𝐿𝑡
) + (1 − 𝛾)𝑆𝑡−𝑠          (4) 

Forecast: 𝐹𝑡+𝑚 = (𝐿𝑡 + 𝑏𝑡𝑚) 𝑆𝑡−𝑠+𝑚          (5) 

For these models, the most widely used 

error dispersion measure is the Mean 

Square Error (NDE), and the lower the 

value, the more stable the model is. The 

mean squared error can be calculated 

using equation 6: 

𝐸𝑄𝑀 =  
1

𝑡
∑ (𝑌𝑡 − 𝐹𝑡)2𝑡

𝑖=1       (6) 

In addition to the classic forecasting 

models, a Machine Learning Techniques 

model is also studied. This model goes 

through four main stages: data collection 

and classification, resource extraction, data 

normalization, and training (Agrawal et al, 

2019). The third stage uses a machine 

learning algorithm suitable for forecasting 

stock trends, and the fourth stage uses an 

artificial neural network to classify data. The 

advantage of this model over the classic 

models is "data normalization" and 

"training". 

2.3. Stock Management Policies 

The stock of beverages has its own 

characteristics, and therefore, stock 

management policies must be adapted 

according to each item to be able to 

respond to your needs. 

EOQ serves as a basis for generating 

current stock management models, 

presenting a trade-off between fixed 

costs for an order and the variable 

costs of having items in stock (Nahmias 

& Olsen, 2015). To calculate, equation 

(7) is used: 

𝑄𝐸𝐸 = √
2𝐷𝑆

𝐻
                (7) 

Where D represents the annual need, S 

the lot size and H the annual cost of 

ownership and storage per unit of stock. 

The policy of continuous review 

translates into the effective monitoring 

of the quantity of each article, that is, a 

continuous analysis of stocks 

(Gonçalves, 2010). A fixed quantity 

(EOQ) is ordered when the stock level 

reaches the Order Point (PT) level. The 

order point is defined by equation (8): 

𝑃𝑇 = (𝜇 ∗ 𝐿𝑇) + 𝑆𝑆             (8) 

where μ represents the average 

consumption and SS the Safety Stock. 

The Safety Stock (SS) is calculated 

using equation (9): 

𝑠𝑠 = 𝑧 ∗ 𝜎 ∗ √𝐿𝑇             (9) 

z being the desired Service Level and σ 

the standard deviation. 

On the other hand, the periodic review 

policy corresponds to a fixed order 

period. Once the order period has been 

agreed, what will vary over time is the 

quantity to order with each order. The 

stock level is determined using equation 

(10): 

𝑀 = (𝜇 ∗ (𝐿𝑇 + 𝑇)) + 𝑆𝑆 (10) 

where T corresponds to the revision 

canned cycle. 

The Safety Stock (SS) being calculated 
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using equation (11): 

 𝑠𝑠 = 𝑧 ∗ 𝜎 ∗ √𝐿𝑇 + 𝑇          (11) 

Having determined the two previous 

variables, the Quantities to Order (Q) are 

defined through equation (12): 

𝑄 = 𝑀 − 𝑆𝑡𝑜𝑐𝑘 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑡ℎ𝑒 𝑚𝑜𝑚𝑒𝑛𝑡  

𝑡ℎ𝑒 𝑜𝑟𝑑𝑒𝑟 𝑖𝑠 𝑝𝑙𝑎𝑐𝑒𝑑  (12) 

Regardless of the policy adopted, it is 

always necessary to consider several 

associated costs. For Chase et al. (2006) it 

is always necessary to consider four costs: 

supply, possession, rupture, and 

information. 

2.4.  Continuous Improvement 

Methodologies 

Continuous improvement methodologies 

are an important tool for improving activities 

and operations, including the Kaizen and 

Lean Thinking methodology. For Coimbra 

(2013) "Kaizen is not just continuous 

improvement, but an improvement every 

day, everywhere, for everyone". Among the 

various tools used, the PDCA cycle and the 

Total Service Management (TSM) stand 

out. 

The PDCA cycle, proposed by Deming, W. 

E. (1986) has four steps: Plan, Do, Check 

and Act. As for TSM, it works as a base of 

interconnected tools, with the intention of 

creating an ordered process composed of 

six levels (Pinto, 2009). 

The Lean Thinking methodology, in turn, 

arises from the needs of several Japanese 

automobile companies, due to the 

economic and industrial crisis that emerged 

in the post-World War II period (Melton, 

2005). The methodology defends the 

adaptation of the products to the demand at 

the moment, using the minimum 

resources in order to reduce costs, 

always with a quick response. For this, 

there is a different approach and culture 

in relation to traditional companies. 

Several tools were developed, being 

studied: JIT - just in time, Kanban, 5S, 

and Visual Management (Visual 

Workplace System). 

3. Case Study 

The objective of this article was to 

propose a set of methodologies capable 

of assisting in the creation of a stock 

management policy. The stock policies 

must be properly sized to the type of 

service desired by the unit, as well as 

its limitations. The hotel does not have 

a properly detailed stock classification 

system, which could be beneficial for 

differentiating items. The most relevant 

is that the unit does not have any 

demand forecasting model, which 

makes it difficult to approximate stocks 

to demand itself. In addition, the 

geographic factor of the unit may affect 

delivery times, as it is in the Madeira 

archipelago. No less important, is the 

lack of any methodology for continuous 

improvement, which would contribute to 

eliminate waste, valuing the essential 

tasks for the operation. 

4. Development of the case study 

The objective of this methodology is to 

follow a set of important steps for the 

implementation of a stock management 

policy, based on the conditions 

described above, as shown in Figure 1.
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Figure 1: Steps of proposed Methodology 

4.1. Stock Classification 

The articles were classified in two phases, 

in which the articles were first divided into 

five categories: Waters, Soft Drinks, Beers 

and Ciders, Wines, and Champagne and 

Sparkling Wines. As this division proved to 

be ineffective, an ABC Analysis was carried 

out in general, incorporating all articles in 

one analysis, following the order proposed 

by Barbieri & Machline (2009). 

After the ABC analysis is completed, the 

articles are identified to which class they 

belong, and subsequently the demand 

forecast model that best suits each one is 

adopted. 

4.2. Demand Forecasting 

After the classification of stocks is 

completed, it is then possible to forecast 

demand according to the type of item. The 

methods used were the Simple Exponential 

Smoothing, and the Holt-Winters Model. A 

possible use of a Machine Learning 

Techniques model was also addressed. 

For articles with a constant demand over 

time, the SES was used, and for the 

remaining articles, which have a periodic 

demand, the Holt-Winters Model. 

In the SES, two different values for the 

damping constant (𝛼) are proposed, in 

order to outline different scenarios. The 

values used are 0.40 and 0.80, in which 

one with greater weight in the most 

recent real value (0.80) and another 

with greater weight in the value of the 

most recent forecast (0.40). 

In the Holt-Winters Model, in turn, three 

smoothing constants are used, in which 

their values are arbitrary. Therefore, the 

values used were 0.2 for α, 0.2 for β 

and 0.5 for γ. There was also a change 

in the values α and β, in order to 

analyze the impact of their change. 

Machine Learning Techniques has the 

advantage of being able to add 

variables that are not possible in other 

models. In addition to the sales history 

of an article, it is also possible to 

introduce variables such as: occupation 

and age of the hotel, temperature and 

weather, special events, and trends 

throughout the year. 

4.3. Stock Management Policies 

The next step is to choose the best 

stock management policy to adopt. The 

policy to be applied will vary depending 

on the demand for the item. For articles 

with less rotation a policy of continuous 

review is applied, and for articles with 

greater rotation a policy of periodic 

review. 

It starts with the calculation of the 

Economic Order Quantity, in order to 

help in the selection of the policy to be 

followed. For this, it is necessary to 

consider: the cost of the order (€ / lot) 

which will vary depending on the size of 

the order, the annual cost of possession 

and storage per unit of average stock is 

estimated since, the space is the unit 

itself, and the annual need (units / year) 

that in the study is changed to (units / 

semester) as it is studied for only six 

Stock 
Classification

•ABC Analysis

Demand 
Forecast

•Simple Exponential Smoothing

•Holt-Winters Model

•Machone Learning Techniques

Stock 
Management 

Policies

•Economic Order Quantity

•Continuous Review Policy

•Periodic Review Policy

Continuous 
Improvement 

Methodologies

•Kaizen

•Lean 
Thinking
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months. 

In the continuous review policy, the service 

level used is 0.95 for wines, and 0.98 or 

0.99 for champagnes and sparkling wines. 

The purpose of using these values close to 

1, is that these items correspond to 

products with less rotation, and are 

considered premium products. For wines 

there is an added difficulty because there is 

usually only one moment to place an order. 

In the periodic review policy, the service 

level values are slightly lower. Here, orders 

are created weekly, so the only variable to 

consider will be “how much to order”, based 

on the desired service level. 

4.4. Continuous Improvement 

Methodologies 

Finally, after all the previous steps have 

been completed, continuous improvement 

methodologies are applied. In the previous 

phases, several difficulties and associated 

errors were registered, which hinder and 

alter a correct stock management planning. 

In this way, the Kaizen methodology 

proposes a resolution through a six-level 

timeline (TSM). Simultaneously, the PDCA 

Cycle acts as a support, where it is 

executed in order to guarantee the success 

of the TSM. 

As for the Lean Thinking methodology, five 

types of waste are considered: Inventory, 

Movement, Overproduction, Storage and 

Defects. Through the tools studied in the 

methodology (JIT, Kaban, 5S and Visual 

Management), several changes are 

proposed in order to reduce, and if 

possible, eliminate the five types of waste 

identified. 

5. Analysis and discussion of results 

The project to date has not yet been put 

into practice, being only at a theoretical 

level, however, it constitutes an 

important foundation for a future 

change in stock management. 

5.1. Stock Classification 

Consumption is studied over 6 months, 

in which there is a constant demand for 

some articles, while other articles have 

sporadic or even seasonal demand. A 

first ABC analysis by category was 

made, in order to be able to hierarchize 

the categories, however it proved to be 

ineffective. Then, a new ABC analysis 

was carried out without categorizing the 

articles, obtaining a range of values 

closer to those suggested in the 

methodology. 

A table was created with all articles 

arranged in descending order according 

to their weight. Table X shows the five 

articles with the highest weight. 

Table 1: Articles with greater weight in 

sales volume 

Product Quantity Weight 

Pint Draught 5 225 8,74% 

Alianca Danubio 638 8,38% 

Sparkling W. Glass 275 6,46% 

M.Water 1L 1 549 6,11% 

Qta da Lapa Seleccion Br 988 5,71% 

 

5.2. Demand Forecasting 

The first model applied was the SES, in 

which the forecast values differed 

slightly from the real values. Two 

different values were also applied for 

the smoothing constant (0.4 and 0.8), 

verifying that the standard deviation of 

the mean error is higher when the lower 

value constant is applied. An example 

can be seen in table 2. 
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Table 2: Demand Forecast “Pint Draft” 

  α = 0,4 α = 0,8 Real 

Setembro 1352 1 352 1 345 

Outubro 1349 1 346 1203 

Novembro 1291 1 232 747 

Dezembro 1073 844 832 

Janeiro 977 834 661 

Fevereiro 850 696  

Desv Pad Erro 
Médio (2 a 6) 

200,31 194,37  

 

As for the second model applied, the Holt-

Winters model ended up not being 

effective, since, although there is a certain 

seasonality in some articles, this same 

seasonality is not effective. Thus, it would 

be necessary to make a new forecast for 

these articles, using another forecast 

model. 

Regarding the Machine Learning 

Techniques, although it was not possible to 

put it into practice, it is estimated that it is 

the one that achieves results that are closer 

to the real ones, since it can use the 

remaining models, and still add variables 

that they cannot. 

5.3. Stock Management Policies 

After completing the demand forecasting 

process, the best review policy to be 

applied to each article is studied. First, the 

Economic Order Quantity for each item was 

calculated, considering the associated 

costs. Since the cost of storage and 

possession was not possible to discriminate 

by item, a cost of 2 euros was considered 

for all items, except for champagnes and 

sparkling wines, which was 3.5 euros due 

to the need for packaging in the cold. In this 

way, it is possible to compare the actual 

quantities with the EOQ in table 3. 

 

 

 

Table 3: Economic Order Quantity 

 Quantity EOQ  

Pint Draught 5 225 5 430 

Alianca Danubio 638 896 

M.Water 1L 1 549 943 

Qta da Lapa Seleccion Br 988 1 425 

 

In turn, the two stock management 

policies, continuous review for wines, 

and champagnes and sparkling wines, 

and periodic review for waters, soft 

drinks, and beers and ciders are used. 

The main reason that led to the choice 

of the best policy to use in each 

category was the rotation of articles in 

them. As demand is high in waters, soft 

drinks, and beers and ciders, a policy of 

periodic review is adopted. Another 

important factor is that suppliers deliver 

merchandise weekly, which contributes 

to the adoption of this policy. 

On the other hand, most wines have a 

fixed order point annually, making the 

policy of continuous review the most 

suitable. 

However, for both policies, different 

scenarios of the desired service level 

are used, making it possible to see how 

changing it affects each policy. To 

analyze the results, the following 

service levels are used by category: 

• Wines 95% vs 90% 

• Champagnes and sparkling wines 

99% vs 97%, 98% vs 96% 

• Waters 95% vs 90% 

• Soft drinks 98% vs 90% 

• Beers and Ciders 95% vs 90%, 98% 

vs 90% 

Although some articles fall into the 

categories of wines, and champagnes 
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and sparkling wines, the policy of periodic 

review is used because its demand and 

rotation are high. 

5.4. Continuous Improvement 

Methodologies 

Regarding the continuous improvement 

methodologies, although they have not 

been applied, it is possible to observe that 

there are several operations that contribute 

negatively to the management of stocks 

and energy cost. Both Kaizen and Lean 

Thinking have enormous potential as a tool 

to support stock management at Hotel 

Royal Savoy. 

A change in the refueling schedule for 

refrigerating machines is proposed, which 

would help to minimize energy costs. At the 

same time, the quantities they are supplied 

with have been studied simultaneously with 

the demand forecast, in order to reduce the 

number of machines needed. 

The application of a visual model will also 

help to more easily identify stock levels in 

warehouses. Still using Visual 

Management, the creation of a better layout 

in the refrigeration machines, would help to 

increase its capacity, and to group the 

items in greater security. 

All these improvements would lead to better 

stock management and consequent energy 

optimization. 

6. Conclusions 

With the completion of this project, it 

appears that there is a problem with excess 

stocks in some articles, and several failures 

in terms of operation that still add to the 

errors in stock management. 

It is concluded that, although the periodic 

review policy is the most appropriate, in 

some articles the quantities ordered are 

above the desirable. Thus, there is a 

need to include demand forecasting 

methods, in order to assist the stock 

management process. At the same 

time, continuous improvement 

methodologies will be able to minimize 

faults that currently exist, and thus, 

approximate the quantities to be 

ordered with the real needs. 

Only through the joint application of the 

studied methodologies is it possible to 

fully achieve the objectives, 

optimization of stock management, and 

reduction of energy costs. 
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